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Introduction
Interest in surgery and surgical specialties has declined over the past two decades [1-6]. It is 

projected that by 2030, there will be a deficit of nearly 30,000 surgeons, including otolaryngologists 
(aka Ear, Nose, and Throat (ENT) surgeons) [1,3]. Otolaryngology has seen a decline in residency 
applications, which contrasts with the increased success rate of students matching into surgical 
residency programs [1,7].

Many studies have considered factors contributing to this decline in applications to surgical 
fields [1-3,6,8]. In 2004, the American Surgical Association (ASA) acknowledged medical students’ 
declining surgical interest and put forward recommendations to address contributing factors [9]. 
Due to curriculum changes in medical schools throughout the U.S. and abroad, surgical clerkships 
have been shortened, allowing less time for students to experience surgical specialties [1-3,8,10]. 
The exposure to surgery prior to clinical training is even more limited, particularly regarding 
otolaryngology. One of the ASA 2004 recommendations was to increase involvement of surgical 
departments in teaching preclinical medical students [9,11].

Involvement in teaching and mentorship by surgical staff and faculty has consistently 
been shown to increase medical student interest in selection of surgery as a career [1,3,5,12,13]. 
Workshops offer excellent opportunities for preclinical students to interact with surgical staff and 
incorporate surgical learning that is not a standard part of the preclinical curriculum. Workshops 
and simulation sessions are often limited in number due to time, equipment, staff, and budget 
constraints [2,5,14]. This may create situations where those with interest in information on various 
specialties may be dissuaded due to perceive lack of available exposure. For our study, we aimed 
to determine the impact of a preclinical otolaryngology session for all first-year medical students.

The use of simulation and surgical workshops have emerged as opportunities for students 
to learn practice technical skills while eliminating some of the pressures and stressors of hands-
on patient care scenarios such as assistance in the operating room [1,5,15-17]. While the use of 
simulation has been shown to increase medical student interest in general surgery, cardiothoracic 

Abstract

Objectives: We sought to determine the utility of a low-cost simulator and brief educational session to help 
students understand midline neck anatomy and increase exposure to otolaryngology with an easily reproducible 
model. 

Design: Pilot study including survey with lecture and hands on instructional lesson. 

Methods: As part of the first-year medical student curriculum at our university, the otolaryngology 
department offers a workshop on head and neck anatomy and related components of the physical exam. 
Students participated in five 20-minute stations. One was devoted to neck anatomy with models of midline 
structures and a tracheostomy. Students completed a survey after the head and neck station.

Results: 182 students responded to the survey. Over 85% of participants felt the head and neck station 
and models helped them understand anatomy of the neck. Eighty-five percent of students responded the models 
helped them visualize what a tracheostomy would look like in a patient. Before the head and neck station, 16% 
of students agreed or strongly agreed that they had interest in ENT, Ear Nose and Throat surgery, as a career. 
After the station, that increased to 73% (p<0.05). Sixty-nine percent of students stated the tracheostomy models 
specifically increased their interest in otolaryngology. 

Conclusion: Simulation is a useful adjunct for teaching head and neck anatomy to medical students. 
Our workshop’s head and neck station, with lecture and simulation, strongly increased participant interest in 
otolaryngology and solidified relevant anatomy.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Citation: Reichert L, Lin K, Farishta D, Pine H and McCammon S. Low-Cost Models for Simulation as 
a Tool for Increasing Medical Student Interest in and Understanding of Otolaryngology. SM J Clin Anat. 
2017; 1(1): 1003. Page 2/6

Gr   upSM Copyright  Reichert L

surgery, and vascular surgery, its use in otolaryngology has not been 
well demonstrated [5]. It was important to design our project with a 
low-cost model in order to create a reproducible model that is feasible 
for use outside of our institution. For our project, we evaluated the 
use of simulation with a low-cost model of the head and neck to 
increase both interest in otolaryngology and understanding of head 
and neck anatomy. 

At the University of Texas Medical Branch, first year students 
participate in a course called “Practice of Medicine” (POM). This 
course is held throughout the entire first year and offers students the 
opportunity to learn physical exam maneuvers, shadow physicians in 
clinical settings, and gain exposure to clinical medicine during their 
preclinical curriculum. 

For the past several years, the otolaryngology department has 
held a workshop for POM students dedicated to the complete head 
and neck exam. Our department has expanded the use of simulation 
in this workshop, incorporating rigid nasal endoscopy, flexible 
laryngoscopy, and Flexible Endoscopic Examination of Swallowing 
(FEES). These stations received high remarks by students, and the 
ability to perform endoscopy during the sessions has consistently 
rated highly among participants.

While this equipment is typically available in otolaryngology 
clinics, it may not be available for workshops due to significant effort 
to transport and maintain. Due to costs, it may not be available for 
use outside the direct patient care setting. Several medical schools 
do not have an otolaryngology department and would be unable to 
replicate such a workshop. We sought to evaluate the use of a low-
cost simulator during the workshop to determine student perception 
of a less expensive alternative to endoscopic equipment and 
commercially-available anatomic models.

Materials and Methods
This project was approved by the Institutional Review Board of 

the University of Texas Medical Branch. 

A model of the adult head and neck was created by the lead 
author (L.R.) using inexpensive materials (see Figure 1). The model 
utilizes a hollowed out generic mannequin head and neck with a 
3D printed high-fidelity model of a human larynx. A saw was used 
to cut the mannequin in half in the coronal plane, from the base 
up through the neck. Then, the two pieces were reattached using 2 
double-screw hinges. An anterior chest window was made by using 
a Dremel cutting bit, drill, and small hacksaw. Screws were placed 
around the chest cavity window to allow placement of clear and 
opaque window coverings. After attempting many window coverings, 
an IV bag was used to create a clear window and thin natural rubber 
sheeting was used for the opaque cover. A single whole punch and a 
CNC laser cutter were used to create holes for screws and passage of 
a tracheostomy tube, respectively. The 3D larynx was printed on a 
3D printer, with firm and flexible plastics, located at Makerspace at 
University of Texas Medical Branch at Galveston using a file created 
by University of Dundee and BodyParts3D (with permission). The 
printed trachea was secured to the chest wall and lateral aspects of the 
thyroid cartilage via screws. Finally, a hole was made in the anterior 
trachea to simulate tracheostomy windows using a dremel. The model 
had a viewable window at the level of the larynx to allow individuals 
to view the underlying structures. This area could be covered with 
rubber sheeting to allow individuals to palpate the underlying 
structures without direct visualization to simulate palpation of an 
adult neck. 

A second model was created using a silicone baby doll toy (see 
Figure 2). The “squeak” mechanism was removed from the toy to 
allow for a connection between the mouth and chest cavity. A window 
was cut out of the chest and a rectangular piece of clear plastic office 
packaging was sewn to cover the hole. A similar window was cut 
in the back and sealed with Velcro to allow for easy access to the 
chest cavity. A trachea was created with 1” clear tubing with a small 
anterior hole to allow for tracheostomy placement later. Another 
window was made in the side of the tracheal tube and another 1” tube 
was inserted to simulate the carina and bronchi. A third 1” tube was 
glued to the “squeak” mechanism remnant and created an opening 
to the mouth acting as the esophagus. Esophagus and trachea were 

Figure 1: Model of the adult head and neck. Figure 2: Model of an infant with tracheostomy in situ.
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zip-tied together and a green wire was passed through the mouth 
into the esophagus simulating an orogastric tube. A small hole was 
created in the doll’s neck with a drill and a neonatal tracheostomy 
tube was inserted through the hole into the trachea via the pre-cut 
window. This model did not have palpable neck landmarks but had 
a clear neck and chest window to allow individuals to view the deep 
neck structures including views of a tracheostomy tube in situ. The 
estimated costs of the adult model totaled approximately $50 while 
those for the pediatric model totaled approximately $30.

A workshop for the POM students was held over a 3-day period 
in early falls. The event was promoted as a mandatory portion of the 
POM curriculum, but attendance was based on the honor system 
creating a voluntary atmosphere. First year medical students rotated 
through the following 5 stations: ear, nose and throat, larynx, neck, 
and cranial nerves. Students were randomly assigned to different 
starting stations and rotated through in a specified order to complete 
all 5 stations in the allotted workshop time. Students had 20 minutes 
to spend at each station, with individual session instructors able to use 
the time as they wished. Each station had an otolaryngology resident 
or faculty present with some stations having non-first year medical 
students present as well. The student volunteers were members of the 
Otolaryngology Interest Group. The lead author (L.R.) was present 
for and instructed all sessions of the neck station. A PowerPoint 
presentation was used for portions of this station to ensure continuity 
from one group of students to the next.

At each station, students were given a checklist of physical exam 
maneuvers related to the station that they would be expected to 
perform during Observed Structured Clinical Encounters (OSCEs). 
These OSCE maneuvers are taught at many institutions across the 
country in preparation for both general medical practice as well 
as performance on the standardized National Board of Medical 
Examiners (NBME) Step 2 Clinical Skills examination.

During the neck station, students were taught the proper 
examination of the neck including palpation of cervical lymph nodes 
and thyroid gland. A brief presentation on anatomy of the neck as 
well as clinical correlations including specific details relevant for 
both general practice and otolaryngology was given by the lead 
author (L.R.) and assistants. The presentation included discussion of 
tracheostomies. During the presentation, both volunteer individuals 
and the models were used to demonstrate neck anatomy and proper 

physical examination technique. Following the presentation, all 
participants were asked to practice the OSCE maneuvers on other 
group members or the models. Students were also allowed to utilize 
the models to practice manipulation of a tracheostomy tube. They 
were given ample time for practice and to ask any questions of the 
instructors. 

At the end of the neck station, participants were asked to 
complete a voluntary, anonymous 9-question survey. Questions 
were single-answer Likert-type responses (Table 1). This survey was 
specific to the neck station, and students were not asked to complete 
surveys regarding any other stations. Participants were asked to fill 
out a general survey regarding their experience with the workshop as 
a whole, but the results of this voluntary survey are beyond the scope 
of this paper.

Survey responses were evaluated using Microsoft Excel v. 2016©. 
Mean responses and percent distribution were calculated for all 
Likert-type responses. The Student’s t test was used to compare overall 
interest in ENT before and after the intervention (survey questions 8 
and 9). Chi-square testing was used to compare those who responded 
with agreement (response 4 or 5) regarding interest in surgery before 
and after the intervention (survey questions 8 and 9). 

Results
This was the third year the lead author (L.R.) instructed stations at 

the ENT POM workshop, but it was her first year instructing the neck 
station. This was the first time a model was used at the neck station. 
It was also the first time a survey was used to assess an individual 
station.

Throughout the workshop, participants expressed a strong 
interest in learning relevant exam maneuvers. They also asked many 
questions in each session, ranging from those regarding specific 
physical exam maneuvers to career options and information on 
otolaryngology as a field.

In total, 182 students completed the neck station survey. The 
percentage of participants completing the survey could not be 
determined as attendance was not recorded. However, based on 
observation, instructors noted a very high survey participation rate. 
All individual questions had at least 180 responses (98.9% complete 
response rate; Table 2). 94% of students felt the workshop’s neck 
station helped them understand the anatomy of the neck. 88% of 

Table 1: Neck Session Survey Questions.

Question Statement Text

1 Before this workshop, I knew what a tracheotomy or tracheostomy was

2 Before this workshop, I knew tracheostomies were common procedures done by ENT surgeons

3 This workshop helped me understand the anatomy of the neck

4 The adult tracheostomy model helped me understand the midline anatomy of the neck

5 The adult and pediatric tracheostomy models helped me visualize what a tracheostomy would look like in a real person

6 This workshop increased my interest in ENT

7 The tracheostomy models increased my interest in ENT

8 Before today, I had some interest in ENT as my possible career

9 After this workshop, I have some interest in ENT as my possible career

Instructions to Participants: Please rate your agreement with the following statements on a scale of 1-5 (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 
5=strongly agree).
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students reported the adult head and neck model helped them 
understand the anatomy of the neck.

The neck station increased students’ overall interest in 
otolaryngology as a potential career. The mean response to questions 
regarding interest in ENT increased from 2.5 to 3.9 (P <0.0001). The 
percentage of students who reported they agreed or strongly agreed 
in having an interest in ENT increased from 16% to 73% (P<0.0001).

Discussion
The decline in applicants to surgical careers is startling. Decreased 

exposure to surgery and surgical specialties in preclinical curricula is 
frequently cited as a contributing factor [1-3,8-10]. This is particularly 
relevant, as many students decide upon their final medical career 
prior to their clinical medical education [2,13,18,19]. A survey of 
medical students in England and Wales found 23% of students had 
chosen their medical specialty prior to entering medical school [13]. 
Kozar found 59% of students selected their career choice prior to the 
3rd year (beginning of clinical training), and only 33% of 1st year 
students reported general surgery or a surgical specialty as their 
anticipated career [19]. These findings correlate with our students’ 
reported low interest in otolaryngology prior to the workshop.

Limited exposure to surgical training is particularly problematic 
for otolaryngology. While few students are exposed to surgical 
training in preclinical years, many students experience little, if any, 
otolaryngology at all in medical school [1,10,12,13,20,21]. Less than 
1% of medical school curricula in the UK incorporate ENT topics, 
and 1/3 of medical schools do not offer ENT placement [12]. 39% 
of medical students in England and Wales had no clinical exposure 
to ENT, and another 43% had less than 2 weeks exposure [13]. A 
survey of over 100 medical schools in the United States found over 
90% of schools did not require otolaryngology clerkships, nearly 
90% of those offered were less than 4 weeks long, and only 9% of 
students participated in these rotations [21]. In addition to limited 
exposure to otolaryngology, students’ understanding of what the 
field encompasses is very limited. Ranta found that 1/3 of third year 
students starting their 1-week ENT rotation did not know head and 
neck surgery was part of the specialty [20].

Our workshop offers a simple method of exposing students early 
in their medical training to otolaryngology. Our increase in interest 
in ENT after completion of the workshop’s neck station corresponds 
well with results from similar programs [8,10,22]. An early interest 

in and exposure to surgery correlates with matching into a surgical 
residency [1,5,11]. A study out of the UK found those interested 
in ENT as a career had near universal exposure to ENT in medical 
school or during postgraduate medical training, but options for 
exposure were greatly limited [12].

While only a small percentage of medical students will choose 
otolaryngology as a profession, it is important for all providers to 
be knowledgeable about commonly seen ENT illnesses. When asked 
to rank how well they needed to know certain surgically-related 
topics for their practice, primary care practitioners in New Mexico 
ranked acute otitis media, sinusitis, reflux, and pharyngitis as the 
four most important for their practice [23]. Other surveys of primary 
care practitioners found otolaryngology among the top 3 surgical 
specialties relevant to their practice [23,24].

Studies of urgent care and primary care clinics have shown a 
consistently high rate of ENT-related illnesses [15,21]. Sinusitis is the 
4th leading diagnosis for outpatient visits in the United States, and 
acute otitis media is the most common pediatric bacterial infection 
[21]. Despite the clear need for exposure to otolaryngology, medical 
students are severely limited in this regard as detailed above. This 
lack of exposure carries into residency training and formal practice. 
Glicksman found the majority of family medicine residents surveyed 
were uncomfortable diagnosing and managing common otologic 
conditions [25]. Others found that while 62% of medical students 
received instruction on head and neck anatomy, only 36% received 
instruction on physical diagnoses of the head and neck [21]. Our head 
and neck station offers an excellent opportunity for not only exposing 
medical students to the field of otolaryngology but also ensuring all 
students will feel more comfortable with examination and diagnosis 
of common head and neck complaints. 

The use of simulators in our workshop is not unique to surgical 
preclinical workshops. Many authors have described workshops and 
training sessions utilizing simulation [1,2,11,14,15,17,22,26]. Cadaver 
and animal laboratories are frequently shown to improve interest in 
surgery and comfort with surgical skills [4,16]. Unfortunately, these 
laboratories are often limited to small group settings due to associated 
costs. A porcine lab for medical students at Ohio State University was 
rated as highly educational, but it was limited to 69 students at a cost 
of nearly $10,000, and expansion to the entire medical school class 
would total nearly $30,000 [14]. Various simulators, including those 
that incorporate 3D technology or other virtual anatomy have been 
developed to help mitigate this barrier to education [2,15-17,27].

Table 2: Neck Session Survey Responses.

Question 1-Strongly disagree
n (%)

2-Disagree
n (%)

3-Neutral
n (%)

4-Agree
n (%)

5-Strongly agree
n (%)

1 10 (5.5) 17 (9.3) 29 (15.9) 59 (32.4) 67 (36.8)

2 25 (13.8) 49 (27.1) 42 (23.2) 39 (21.5) 26 (14.4)

3 1 (0.5) 0 (0) 14 (7.7) 67 (36.8) 100 (54.9)

4 0 (0) 5 (2.8) 17 (9.4) 69 (38.1) 90 (49.7)

5 0 (0) 2 (1.1) 30 (16.6) 57 (31.2) 92 (50.8)

6 1 (0.6) 3 (1.7) 17 (9.4) 75 (41.4) 85 (47.0)

7 2 (1.1) 11 (6.1) 43 (23.9) 75 (41.7) 49 (27.2)

8 38 (20.9) 49 (26.9) 65 (35.7) 19 (10.4) 11 (6.0)

9 1 (0.5) 7 (3.8) 42 (23.1) 87 (47.8) 45 (24.7)
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Our workshop utilized both advanced technology (flexible 
laryngoscopy) and low-cost advanced simulation (the head and neck 
model) to instruct first year students on an array of physical exam 
maneuvers while incorporating clinical diagnoses and exposure 
to otolaryngology. While we did not directly compare the various 
stations of simulators used throughout the workshop, the survey 
results from the head and neck station demonstrate nearly all 
students learned useful physical exam techniques working with the 
low-cost model. Future studies to compare low-tech and high-tech 
simulators as part of an ENT workshop would offer greater insight 
into ways to expose medical students to broadly applicable physical 
exam techniques and patient pathology while minimizing costs to 
allow such sessions to become more readily widespread.

The use of resident and faculty otolaryngology instructors is 
a particular strength of our workshop. As discussed previously, 
mentorship and instruction by staff surgeons strongly increases 
students’ interest in surgery and surgical specialties. In a survey from 
the University of South Florida, 78% of otolaryngology applicants 
reported exposure to current ENT residents as the main factor 
influencing their career decision [7]. Residents also benefit, as those 
who actively participate in teaching have greater job satisfaction and 
knowledge acquisition [28].

This project has the limitations inherent to any pilot study 
including lack of a comparison group. We were unable to compare 
data from the surveys to prior workshops as this was the first year 
introducing a survey on the neck station. For future evaluation of 
the neck model and workshop we hope to continue utilizing the 
post-session survey to track progress from year to year. While the 
reported increase in interest in ENT before and after the session is 
quite encouraging, we recognize the recall bias present in asking 
information regarding pre- and post-session beliefs after the station 
itself concluded. While a separate survey given immediately prior to 
and following the neck station would decrease recall bias, the authors 
felt the addition of a second survey would create too great a time 
strain on the already brief session. In addition, students completed 
the neck station at various points throughout the overall workshop. 
It is possible that other stations added to the increased interest 
in otolaryngology, but this fact was unable to be fully identified or 
captured in our data, as surveys did not identify whether students 
completed other stations in order to anonymize the results. We 
attempted to minimize the bias possible from the order of stations 
completed by asking questions specific to the neck station.

While our specific sessions may not be replicable for all medical 
schools due to class structure, size, or time and financial constraints, 
several components are widely applicable including use of physical 
exam maneuvers that have become standard via examinations such 
as the NBME clinical skills examination.

Conclusion
Despite the decline in interest among surgical specialties including 

otolaryngology, a great need exists to train all medical students in 
proper physical exam techniques prior to residency training and 
expose medical students early to otolaryngology. A short workshop 
on head and neck anatomy with clinical correlates offers students an 
opportunity to practice exam maneuvers in a low-pressure scenario 
with no risk to patient safety. Our study showed a brief workshop 
using a low-cost simulator of the head and neck is useful for teaching 

the anatomy and physical examination of the head and neck and 
significantly increases participants’ interest in otolaryngology.

Acknowledgment
The authors have no competing interests to declare. The authors 

wish to acknowledge the medical student volunteers who offered their 
assistance performing various tasks, both organizational and didactic, 
for the workshop. Thank you to Andrew Maxwell-Parish for his 
assistance in creation of the tracheostomy model. The files for the 3D 
model of the larynx portion of the head and neck model were provided 
by the University of Dundee and Body Parts 3D, The Database Center 
for Life Science with permission. This study was presented at the 
Triological Society during the Combined Otolaryngology Spring 
Meeting in San Diego, CA, USA on April 29, 2017.

References

1. Grover K, Agarwal P, Agarwal N, Tabakin MD, Swan KG. Students to 
surgeons: Increasing matriculation in surgical specialties. Surg Innov. 2016; 
23: 623-634. 

2. Head L, Greene B, Gawad N, Seabrook C, Tardioli K, Hamstra SJ, et al. 
Growing the ‘SEAD’: Expansion of the surgical exploration and discovery 
program. J Surg Educ. 2016; 73: 101-110. 

3. Salna M, Sia T, Curtis G, Leddy D, Widmann WD. Sustained increased entry 
of medical students into surgical careers: A student-led approach. J Surg 
Educ. 2016; 73: 151-156. 

4. Galiñanes EL, Shirshenkan JR, Doty J, Wakefield MR, Ramaswamy A. 
Standardized laparoscopic simulation positively affects a student’s surgical 
experience. J Surg Educ. 2013; 70: 508-513.

5. Lou X, Enter D, Sheen L, Adams K, Reed CE, McCarthy PM, et al. Sustained 
supervised practice on a coronary anastomosis simulator increases medical 
student interest in surgery, unsupervised practice does not. Ann Thorac Surg. 
2013; 95: 2057-2063.

6. Li R, Buxey K, Ashrafi A, Drummond KJ. Assessment of the role of a student-
led surgical interest group in surgical education. J Surg Educ. 2013; 70: 55-
58. 

7. McCaffrey JC. Medical student selection of otolaryngology head and neck 
surgery as a specialty: influences and attitudes. Otolaryngol Head Neck Surg. 
2005; 133: 825-830.

8. Li JZ, Chan SC, Au M, Hoogenes J, Chan T, Li K, et al. Review of a medical 
student-run surgery lecture series and skills lab curriculum. Can J Surg. 2014; 
57: 152-154.

9. Debas HT, Bass BL, Brennan MF, Flynn TC, Folse JR, Freischlag JA, et 
al. American Surgical Association blue ribbon committee report on surgical 
education: 2004. Ann Surg. 2005; 241: 1-8.

10. Ravindra P, Fitzgerald JE, Bhangu A, Maxwell-Armstrong CA. Quantifying 
factors influencing operating theater teaching, participation, and learning 
opportunities for medical students in surgery. J Surg Educ. 2013; 70: 495-
501.

11. Gawad N, Zevin B, Bonrath EM, Dedy NJ, Louridas M, Grantcharov TP. 
Introduction of a comprehensive training curriculum in laparoscopic surgery 
for medical students: a randomized trial. Surgery. 2014; 156: 698-706.

12. Bhutta M, Mandavia R, Syed I, Qureshi A, Hettige R, Wong BY, et al. A 
survey of how and why medical students and junior doctors choose a career 
in ENT surgery. J Laryngol Otol. 2016; 130: 1054-1058.

13. Sutton PA, Mason J, Vimalachandran D, McNally S. Attitudes, motivators, 
and barriers to a career in surgery: a national study of U.K. undergraduate 
medical students. J Surg Educ. 2014; 71: 662-667. 

14. Drosdeck J, Carraro E, Arnold M, Perry K, Harzman A, Nagel R, et al. Porcine 
wet lab improves surgical skills in third year medical students. J Surg Res. 
2013; 184: 19-25. 

https://www.ncbi.nlm.nih.gov/pubmed/27381739
https://www.ncbi.nlm.nih.gov/pubmed/27381739
https://www.ncbi.nlm.nih.gov/pubmed/27381739
https://www.ncbi.nlm.nih.gov/pubmed/26706398
https://www.ncbi.nlm.nih.gov/pubmed/26706398
https://www.ncbi.nlm.nih.gov/pubmed/26706398
https://www.ncbi.nlm.nih.gov/pubmed/26421999
https://www.ncbi.nlm.nih.gov/pubmed/26421999
https://www.ncbi.nlm.nih.gov/pubmed/26421999
https://www.ncbi.nlm.nih.gov/pubmed/23725939
https://www.ncbi.nlm.nih.gov/pubmed/23725939
https://www.ncbi.nlm.nih.gov/pubmed/23725939
https://www.ncbi.nlm.nih.gov/pubmed/23706428
https://www.ncbi.nlm.nih.gov/pubmed/23706428
https://www.ncbi.nlm.nih.gov/pubmed/23706428
https://www.ncbi.nlm.nih.gov/pubmed/23706428
https://www.ncbi.nlm.nih.gov/pubmed/23337671
https://www.ncbi.nlm.nih.gov/pubmed/23337671
https://www.ncbi.nlm.nih.gov/pubmed/23337671
https://www.ncbi.nlm.nih.gov/pubmed/16360497
https://www.ncbi.nlm.nih.gov/pubmed/16360497
https://www.ncbi.nlm.nih.gov/pubmed/16360497
https://www.ncbi.nlm.nih.gov/pubmed/24869604
https://www.ncbi.nlm.nih.gov/pubmed/24869604
https://www.ncbi.nlm.nih.gov/pubmed/24869604
https://www.ncbi.nlm.nih.gov/pubmed/15621984
https://www.ncbi.nlm.nih.gov/pubmed/15621984
https://www.ncbi.nlm.nih.gov/pubmed/15621984
https://www.ncbi.nlm.nih.gov/pubmed/23725937
https://www.ncbi.nlm.nih.gov/pubmed/23725937
https://www.ncbi.nlm.nih.gov/pubmed/23725937
https://www.ncbi.nlm.nih.gov/pubmed/23725937
https://www.ncbi.nlm.nih.gov/pubmed/24909348
https://www.ncbi.nlm.nih.gov/pubmed/24909348
https://www.ncbi.nlm.nih.gov/pubmed/24909348
https://www.ncbi.nlm.nih.gov/pubmed/27748208
https://www.ncbi.nlm.nih.gov/pubmed/27748208
https://www.ncbi.nlm.nih.gov/pubmed/27748208
http://www.sciencedirect.com/science/article/pii/S1931720414000786
http://www.sciencedirect.com/science/article/pii/S1931720414000786
http://www.sciencedirect.com/science/article/pii/S1931720414000786
https://www.ncbi.nlm.nih.gov/pubmed/23845867
https://www.ncbi.nlm.nih.gov/pubmed/23845867
https://www.ncbi.nlm.nih.gov/pubmed/23845867


Citation: Reichert L, Lin K, Farishta D, Pine H and McCammon S. Low-Cost Models for Simulation as 
a Tool for Increasing Medical Student Interest in and Understanding of Otolaryngology. SM J Clin Anat. 
2017; 1(1): 1003. Page 6/6

Gr   upSM Copyright  Reichert L

15. Davies J, Djelic L, Campisi P, Forte V, Chiodo A. Otoscopy simulation training 
in a classroom setting: a novel approach to teaching otoscopy to medical 
students. Laryngoscope. 2014; 124: 2594-2597.

16. de Faria JW, Teixeira MJ, de Moura Sousa Júnior L, Otoch JP, Figueiredo 
EG. Virtual and stereoscopic anatomy: when virtual reality meets medical 
education. J Neurosurg. 2016; 125: 1105-1111.

17. Montanari E, Schwameis R, Louridas M, Göbl C, Kuessel L, Polterauer S, et 
al. Training on an inexpensive tablet-based device is equally effective as on 
a standard laparoscopic box trainer: A randomized controlled trial. Medicine 
(Baltimore). 2016; 95: 4826. 

18. Riboh J, Curet M, Krummel T. Innovative introduction to surgery in the 
preclinical years. Am J Surg. 2007; 194: 227-230.

19. Kozar RA, Lucci A, Miller CC, Azizzadeh A, Cocanour CS, Potts JR, et al. 
Brief intervention by surgeons can influence students toward a career in 
surgery. J Surg Res. 2003; 111: 166-169.

20. Ranta M, Hussain SS, Gardiner Q. Factors that inform the career choice of 
medical students: implications for otolaryngology. J Laryngol Otol. 2002; 116: 
839-841.

21. Boscoe EF, Cabrera-Muffly C. Otolaryngology in the medical school 
curriculum: Current trends in the United States. Laryngoscope. 2017; 127: 
346-348. 

22. Patel MS, Khalsa B, Rama A, Jafari F, Salibian A, Hoyt DB, et al. Early 
intervention to promote medical student interest in surgery and the surgical 
subspecialties. J Surg Educ. 2013; 70: 81-86. 

23. Curet MJ, McGrew MC. Surgical practice of primary care physicians in a rural 
state: implications for curriculum design. Fam Med. 2000; 32: 97-101.

24. Lewis BD, Leisten A, Arteaga D, Treat R, Brasel K, Redlich PN. Does the 
surgical clerkship meet the needs of practicing primary care physicians? 
WMJ. 2009; 108: 398-402.

25. Glicksman JT, Brandt MG, Parr J, Fung K. Needs assessment of 
undergraduate education in otolaryngology among family medicine residents. 
J Otolaryngol Head Neck Surg. 2008; 37: 668-675.

26. Van Bruwaene S, De Win G, Schijven M, De Leyn P, Miserez M. Effect of 
a short preclinical laparoscopy course for interns in surgery: a randomized 
controlled trial. J Surg Educ. 2014; 71: 187-192. 

27. Waran V, Narayanan V, Karuppiah R, Pancharatnam D, Chandran H, Raman 
R, et al. Injecting realism in surgical training - Initial simulation experience 
with custom 3D models. J Surg Educ. 2014; 71: 193-197.

28. Tien M, Aiudi CM, Sviggum HP, Long TR. A peer-designed selective in 
anesthesiology, critical care, and perioperative medicine for first- and second-
year medical students. J Clin Anesth. 2016; 31: 175-181.

https://www.ncbi.nlm.nih.gov/pubmed/24648271
https://www.ncbi.nlm.nih.gov/pubmed/24648271
https://www.ncbi.nlm.nih.gov/pubmed/24648271
https://www.ncbi.nlm.nih.gov/pubmed/26871375
https://www.ncbi.nlm.nih.gov/pubmed/26871375
https://www.ncbi.nlm.nih.gov/pubmed/26871375
https://www.ncbi.nlm.nih.gov/pubmed/27684813
https://www.ncbi.nlm.nih.gov/pubmed/27684813
https://www.ncbi.nlm.nih.gov/pubmed/27684813
https://www.ncbi.nlm.nih.gov/pubmed/27684813
https://www.ncbi.nlm.nih.gov/pubmed/17618810
https://www.ncbi.nlm.nih.gov/pubmed/17618810
https://www.ncbi.nlm.nih.gov/pubmed/12842462
https://www.ncbi.nlm.nih.gov/pubmed/12842462
https://www.ncbi.nlm.nih.gov/pubmed/12842462
https://www.ncbi.nlm.nih.gov/pubmed/12437841
https://www.ncbi.nlm.nih.gov/pubmed/12437841
https://www.ncbi.nlm.nih.gov/pubmed/12437841
https://www.ncbi.nlm.nih.gov/pubmed/27296300
https://www.ncbi.nlm.nih.gov/pubmed/27296300
https://www.ncbi.nlm.nih.gov/pubmed/27296300
http://www.sciencedirect.com/science/article/pii/S1931720412002346
http://www.sciencedirect.com/science/article/pii/S1931720412002346
http://www.sciencedirect.com/science/article/pii/S1931720412002346
https://www.ncbi.nlm.nih.gov/pubmed/10697767
https://www.ncbi.nlm.nih.gov/pubmed/10697767
https://www.ncbi.nlm.nih.gov/pubmed/20041577
https://www.ncbi.nlm.nih.gov/pubmed/20041577
https://www.ncbi.nlm.nih.gov/pubmed/20041577
https://www.ncbi.nlm.nih.gov/pubmed/19128674
https://www.ncbi.nlm.nih.gov/pubmed/19128674
https://www.ncbi.nlm.nih.gov/pubmed/19128674
http://www.sciencedirect.com/science/article/pii/S1931720413001943
http://www.sciencedirect.com/science/article/pii/S1931720413001943
http://www.sciencedirect.com/science/article/pii/S1931720413001943
http://www.sciencedirect.com/science/article/pii/S1931720413002195
http://www.sciencedirect.com/science/article/pii/S1931720413002195
http://www.sciencedirect.com/science/article/pii/S1931720413002195
https://www.ncbi.nlm.nih.gov/pubmed/27185704
https://www.ncbi.nlm.nih.gov/pubmed/27185704
https://www.ncbi.nlm.nih.gov/pubmed/27185704

	Title
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	References
	Table 1
	Table 2
	Figure 1
	Figure 2

