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Abstract

Obijectives: To evaluate the efficacy of video modules in improving trainees' objec-
tive knowledge of middle ear anatomy and to compare the efficacy of using the
endoscope to the microscope in video modules.

Methods: Medical students and residents were recruited. Two videos reviewing mid-
dle ear anatomy were developed. One video was recorded using an endoscope and
the other using a microscope. Subjects were randomly assigned to either the endo-
scopic or microscopic video module group. A 20-question knowledge assessment
designed to assess understanding of anatomic concepts was administered to all sub-
jects prior to the intervention. After completing the endoscopic or microscopic video
modules, subjects were administered the same knowledge assessment.

Results: Of the 62 subjects recruited, 32 were randomized to the endoscope group
and 30 to the microscope group. Eleven subjects completed all components of the
assessment in the endoscope group and nine in the microscope group. Subjects in
the endoscope group demonstrated a mean 12.3% increase in assessment scores
(SD 9.1%, p = .0008), compared to a mean 11.7% increase in assessment scores in
the microscope group (SD 9.4%, p = .0002). When controlling for pretest scores,
there was no significant difference in posttest performance between the two groups.
Conclusion: Brief video modules effectively improved objective short-term knowl-
edge of middle ear anatomy. Although both groups demonstrated a significant
improvement in knowledge, there was no significant difference in the educational
utility of endoscopic videos compared to microscopic videos. Further studies with
larger sample sizes may help quantify which modalities are optimal for teaching.

Level of Evidence: NA.
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1 | INTRODUCTION

Effective teaching is paramount in acquiring a knowledge of middle
ear anatomy, which is essential for safe otologic surgery. Due to
inherent challenges in visualizing the middle ear cleft, sound under-
standing of the anatomy housed in the middle ear remains difficult
for otolaryngology trainees to master.2? Middle ear anatomy has
traditionally been taught through tutored cadaveric temporal bone
dissection courses using microscopes, followed by intraoperative
feedback and instruction. Although these courses can help residents
gain familiarity with anatomic structures and improve their surgical
dexterity, they are limited by the availability of temporal bones, vari-
able anatomy, associated high costs, and deterioration of specimen
tissue over time.® Recent advancements in surgical education have
attempted to address these limitations, notably through virtual real-
ity (VR) simulation and three-dimensional (3D) printed models.®~®
However, these methods are often time-intensive and require
expensive equipment such as VR goggles or 3D printers. Video
modules are a time-efficient and easily accessible alternative
method of teaching that has proven efficacious in otolaryngology
training.””? The creation of such educational modules for teaching
middle ear anatomy would require the collection of high-quality
video data.

Endoscopic ear surgery has revolutionized the surgical manage-
ment of middle ear disease with its ability to provide a wider field of
view, greater depth of field, and improved ability to see around cor-
ners.2%1 Although the operating microscope has historically been the
preferred option for surgical magnification by otologists, the endo-
scope is gradually becoming ubiquitous as more otologists incorporate
it into their practice. There has been a rise in the use of endoscopes
for otologic surgeries over the past four decades and is predicted to
grow as studies continue to demonstrate improved clinical, safety,
and ergonomic outcomes.’® Endoscopes also afford the primary
surgeon and observers with the same view of the surgical field, in
comparison to the microscope which generally offers observers a
lower-quality of view than the primary surgeon. Recent studies have
illustrated this educational benefit, demonstrating improved outcomes
of teaching middle ear anatomy when using the endoscope compared
to the microscope.u'13 However, these studies focused on intrao-
perative teaching only, the quality of which is highly dependent on
immediate surgical conditions and external pressures such as operat-
ing room efficiency. Another study exploring the utility of endoscopic
video modules found that they improved the teaching of middle ear
anatomy,* though no comparison between endoscopic and micro-
scopic modules was performed. Indeed, there is a paucity of research
assessing the utility of video modules, which can be reviewed in the
absence of intraoperative pressures, for teaching middle ear anatomy.
Furthermore, it is unknown whether the high-definition, wide-
resolution view of endoscopic video would prove more useful than
video obtained with a microscope.

To that end, this study explores the use of video modules, created
with both an endoscope and microscope, for teaching residents and

medical students middle ear anatomy. The cost-effectiveness of video

modules may have equity implications, as they may increase accessi-
bility to learning opportunities for trainees without the need to
increase tuition or program fees. This study aimed to evaluate the effi-
cacy of the video modules in improving trainees' objective knowledge
of middle ear anatomy and to compare the efficacy of using the endo-
scope to the standard microscope.

2 | MATERIALS AND METHODS

21 | Study participants

Medical students and residents were recruited by email from the Har-
vard Medical School ENT Interest Group and the Mass Eye and Ear
Otolaryngology Residency Program, respectively. Participation in this
study was voluntary and no remuneration was offered. Demographic
information including level of medical training was recorded via Red-
Cap. This study was deemed exempt by the Mass General Brigham
Institutional Review Board.

2.2 | Video modules

Two 5-min video modules reviewing middle ear and mastoid anatomy
in a fresh temporal bone were developed by the authors. One video
was recorded using an endoscope, and the other was recorded using a
microscope. The content of the video modules was standardized,
including the order in which anatomy was reviewed, the narration
audio, and the duration of the module. Links to both video modules

are provided in the Supplement (51.1, 51.2).

2.3 | Randomization

Random number assignments were generated using the RedCap ran-
dom number generator function creating two groups defined by odd
or even numbers. Subjects were randomly assigned to the endoscopic
video module group (Group 1) or microscopic video module group

(Group 2) in the chronological order of recruitment.

24 | Knowledge assessment

An anonymous 20-question multiple-choice knowledge
assessment was created using RedCap. The assessment was designed
to assess understanding of both basic and advanced anatomical con-
cepts. Prior to intervention, all participants completed the knowledge
assessment (pretest). After completing the endoscopic or microscopic
video modules, subjects were administered the same knowledge
assessment to evaluate the efficacy of the interventions in improving
knowledge of middle ear and mastoid anatomy (posttest). Random
number identifiers were assigned to subjects to permit anonymous

comparison of pre- and posttest performance.
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2.5 | Statistical analysis

The main outcome measures were posttest scores and changes in test
scores. Within each group, mean pre- and posttest scores were com-
pared using two-sampled independent t-tests. An analysis of covari-
ance (ANCOVA) was used to assess for statistically significant
differences in posttest knowledge assessment scores between the
endoscope and microscope groups. Pretest scores were set as a
covariate in ANCOVA analysis to control for variable pretest knowl-
edge and to characterize the impact of pretest knowledge on the
observed posttest score and change in test score. Effect sizes of
the observed ANCOVA results were computed with omega-squared
(0?). Data were analyzed with Python v3.13.0 using statsmodel and

math packages, and significance was defined at the p < .05 level.

3 | RESULTS

3.1 | Participants

A total of 62 subjects were recruited into the study. Thirty-two sub-
jects were randomized to the endoscope group, and 30 were random-
ized to the microscope group. Of those, 11 subjects completed all
components of the assessment in the endoscope group and 9 in the
microscope group. In total, 15 residents and 5 medical students were
included in the study (Figure 1).

3.2 | Knowledge assessment

No significant difference in pretest scores was observed between the
endoscope and microscope groups (p =.3). Overall, 16 out of
the 20 subjects demonstrated an increase in knowledge assessment
scores after watching their respective video module. The remaining
four subjects had no change in their score. Subjects in the endoscope
group demonstrated a mean 12.3% increase in assessment scores

N

Number of Participants

1

FIGURE 1
participants.
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MS3 MS4

(SD 9.1%, p = .0008, Figure 2), compared to a mean 11.7% increase in
assessment scores in the microscope group (SD 9.4%, p = .0002,
Figure 2). There was no significant difference in mean posttest scores
(p = .2) or change in scores (p = .9) between the two groups. To con-
trol for subjects' training level, an analysis of confounding was com-
pleted with pretest scores as a confounder. When controlling for
baseline knowledge, there was still no significant difference in mean
posttest scores (p = .7, % = 0) or change in scores (p =.7, o> = 0)
between the endoscope and microscope groups. Pretest scores signif-
icantly predicted posttest scores (p =.01) and change in scores
(p = .046), with higher pretest scores associated with higher posttest

scores but smaller improvements.

4 | DISCUSSION

Our findings demonstrate that teaching through video modules can
improve objective short-term knowledge of middle ear and mastoid
anatomy. Although previous studies found that endoscopes are supe-
rior to microscopes in teaching middle ear anatomy,*>*° our data did
not reveal a significant difference between groups. Our findings are
intuitive in that baseline knowledge (i.e., pretest score) predicts post-
intervention knowledge (i.e., posttest score) and change in perfor-
mance. Prior studies evaluated educational value during live cadaveric
dissections or in real surgery in the operating room rather than
through video modules. It may be that the unique advantages of the
endoscope, such as the wider field of view and a shared high-
definition visualization of the surgical field make it a more optimal
modality for live procedural teaching. Comparatively, the utility of
video modules may rely less on the camera system used to obtain the
video and more on the manner and clarity of the information pre-
sented. Additionally, video-based teaching affords trainees unique
control over educational content, with the ability to pause and review
content as needed. This may be particularly beneficial when working
to understand anatomy and surgical approaches in diseased or

malformed ears.

Distribution of Participants
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This study has key limitations. Our study's small sample size pre-
vented a sufficiently powered assessment of the impact of training
level on posttest score or change in score. One would expect that
more senior participants would perform better on the knowledge
assessment, irrespective of the video module modality. However,
given a small and unbalanced sample, we could not formally consider
training level as a covariate. Instead, we used the pretest score as a
covariate in ANCOVA as a proxy for training level, and observed this
anticipated ceiling effect, wherein participants with high pretest
scores showed smaller posttest improvements. Future studies should
incorporate a larger, more balanced cohort to more directly character-
ize the impact of training level. Separately, voluntary participation
introduced the potential for selection bias as trainees more familiar
with middle ear anatomy may have elected to participate. Similarly, a
Hawthorne effect, wherein trainees paid closer attention to the mod-
ules due to the expectation of a postintervention assessment, may
partially explain our results. Finally, the short-interval postintervention
assessment limits the ability to determine the longevity of the
observed knowledge increase. Further studies must assess partici-
pants' long-term knowledge to elucidate these findings.

5 | CONCLUSION

This study found that brief video modules were effective at improving
objective short-term knowledge of middle ear anatomy among otolar-
yngology residents and medical students. Although both groups dem-
onstrated a significant improvement in knowledge, there was no
significant difference in the educational utility of endoscopic videos
compared to microscopic videos. Further studies with larger sample
sizes may help quantify which modalities of video are optimal for
teaching.
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