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ABSTRACT

Background: Endotracheal intubation is a critical, life-saving procedure requiring not
only theoretical knowledge but also well-developed procedural skills and clinical judg-
ment. Traditional teaching meth-ods for undergraduate medical students are increas-
ingly limited by medico-legal concerns and patient safety priorities. Simulation-based
training (SBT) has emerged as a valuable educational tool, offering safe, controlled en-
vironments for procedural practice. This study aimed to assess the effectiveness of
simulation-based training in improving endotracheal intubation competence among
undergraduate med-ical students.

Methods: A prospective interventional study was conducted at the Department of An-
aesthesiology, Dr. Sushila Tiwari Memorial Government Hospital, Haldwani, India, over
18 months. A total of 140 medi-cal interns were randomly assigned to either a Simula-
tion group (n=70) or a Non-simulation group (n=70). Both groups received standardized
theoretical training, followed by six days of either manne-quin-based simulation prac-
tice or hands-on clinical practice. On the seventh day, endotracheal intuba-tion compe-
tence was assessed in the operating theatre by a blinded assessor using a validated 6-
item scoring system. Secondary outcomes included intubation time, trainee satisfac-
tion, and complication rates.

Results: Both groups were demographically comparable in terms of age (p=0.77) and
gender distribu-tion (p=0.61). The Simulation group demonstrated significantly faster
mean intubation times (8.27 + 3.64 seconds vs. 9.79 * 3.84 seconds; p=0.018), higher
equipment handling scores (p=0.001), and bet-ter intubation technique scores
(p=0.019) compared to the Non-simulation group. Overall competency scores were al-
so significantly higher in the Simulation group, with 75.7% achieving excellent scores
versus 41.4% in the Non-simulation group (p<0.001). Individual satisfaction was mark-
edly higher in the Simulation group (94.3% vs. 61.4%; p<0.001). Although complication
rates were lower in the Simu-lation group, the difference was not statistically significant
(p=0.30).

Conclusion: Simulation-based training significantly enhances endotracheal intubation
competence, pro-cedural efficiency, technical proficiency, and learner satisfaction
among undergraduate medical stu-dents. These benefits were independent of demo-
graphic factors and support the integration of simula-tion modules into undergraduate
medical curricula to improve procedural skills and patient care out-comes.

KEYWORDS: Simulation-based training, Endotracheal intubation, Clinical skills training,
Patient safety.
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INTRODUCTION

Endotracheal intubation is one of the most critical procedures performed in emergency and perioperative care,
playing a decisive role in maintaining airway patency and ensuring patient safety. Its successful execution
demands not only theoretical knowledge but also well-developed procedural skills and sound clinical judg-
ment. For undergraduate medical students, acquiring competence in this procedure is essential, as it directly
impacts patient outcomes and minimizes the risk of potentially life-threatening complications.

Historically, the apprenticeship model and opportunistic learning in clinical settings have formed the back-
bone of procedural training for medical students. In the case of intubation, traditional teaching methods typi-
cally involve didactic lectures, demonstrations, and supervised hands-on practice in operation theatres. How-
ever, limitations such as reduced patient availability, medico-legal concerns, and the growing emphasis on pa-
tient rights have increasingly restricted opportunities for trainees to gain adequate practical exposure [1].
These challenges have driven educators to seek alternative training modalities that prioritize both learner de-
velopment and patient safety.

Simulation-based training (SBT) has emerged as an effective complement to conventional clinical teaching.
By creating realistic, controlled environments using mannequins, part-task trainers, and high-fidelity simula-
tors, simulation allows students to repeatedly practice procedures, refine their skills, and receive immediate
feedback without risking patient harm [2—5]. Notably, it also enables the replication of rare but critical airway
scenarios, such as unanticipated difficult intubations, thus preparing students for situations they might encoun-
ter infrequently in routine practice [6—8].

Over the years, simulation has demonstrated its value across various domains of medical education. Studies
have consistently shown improvements in clinical competence, procedural efficiency, teamwork, and deci-
sion-making skills among students and healthcare professionals who undergo simulation-based training [9—12].
Recognizing its educational potential, the National Medical Commission (NMC) of India has recently man-
dated the establishment of skill laboratories within medical institutions, providing students with structured ac-
cess to simulation-based learning opportunities for procedures including endotracheal intubation, cardiopul-
monary resuscitation, and intravenous access [13].

Despite accumulating evidence favoring simulation in clinical skills education, comparative studies evaluating
its effectiveness specifically for endotracheal intubation training among Indian medical undergraduates remain
scarce. This prospective interventional study aims to address this gap by comparing simulation-based and non-
simulation-based training methods in terms of intubation competence, intubation time, trainee satisfaction, and
procedural complications. The insights gained from this research could help refine undergraduate medical ed-
ucation strategies, ensuring future healthcare professionals are better equipped to deliver safe and effective pa-
tient care.

METHODOLOGY

Study Design and Setting

This prospective interventional study was conducted at the Department of Anaesthesiology, Dr. Sushila Ti-
wari Memorial Government Hospital, Haldwani, India, over 18 months following institutional ethics approval.
The study compared simulation-based training (Group A) versus direct hands-on clinical training (Group B)
for endotracheal intubation (ETI) competence among medical interns.

Study Population and Eligibility criteria:

e Sample Size and Sampling: A total of 140 interns were enrolled, with each batch of 6 interns rotated
through the department every 14 days. Purposive sampling (complete enumeration) was used.

e Inclusion Criteria: Medical undergraduate interns completing a compulsory 14-day rotatory internship in
anaesthesiology during the study period.

e Exclusion Criteria: Interns declining informed consent.
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Ethical Approval
The study protocol was approved by the Institutional Ethics Committee. Written informed consent was ob-
tained from all participants prior to enrolment.
Intervention Protocol
1. Theoretical Training:
All interns received standardized theoretical education on endotracheal intubation(ETI) via: Blackboard tuto-
rials, Video lectures, Live demonstrations of ETI techniques.
2. Randomization:
Participants were randomly allocated to Group A or B using a computer-based random number generator

(|WWW.rand0rnization.com |).

3. Group-Specific Training:

¢ Group A (Simulation-Based Training; *n* = 70):

Under supervision of a trained anaesthetist (X), participants practiced ETI on an airway management manne-
quin for 6 days (6 attempts total).

¢ Group B (Clinical Training; *n* = 70):

Under supervision of a trained anaesthetist (Y), participants performed ETI directly on patients in the operat-
ing theatre (OT) for 6 days (6 attempts total).

Patients were 18—60 years, ASA /Il or MPS I/Il, with no anticipated difficult airway, and consent was ob-
tained per institutional policy.

Competency Assessment

On day 7, a blinded anaesthetist (Z) assessed ETI competence in the OT using a validated 6-item scoring sys-
tem.

Equipment check

Patient positioning

Pre-intubation airway management

Laryngoscopy technique

Endotracheal tube insertion

AN

Confirmation of tube placement

Scoring:

Each item was rated 0-3 (0: unsatisfactory; 3: excellent). Cumulative scores categorized competence as:

e 0—4: Unsatisfactory

e 5-9: Marginal

e 10-14: Acceptable

e 15-18: Excellent.

Secondary Outcomes

1. Intubation Time: Duration from laryngoscope blade advancement to 4 consistent et CO2 wave forms[14].

2. Individual Satisfaction: Assessed via post-procedure questionnaire

3. Complications: Mucosal injury, dental malocclusion, lip cuts, uvular/tonsillar bleeding, or vocal cord
damage.

e Safety Protocol: Failed intubation (>2 attempts) or complications prompted intervention by anaesthetist Z.

Statistical Analysis

Data were analyzed using SPSS version 20.0. Continuous variables, such as intubation time and competence

scores, were presented as mean + standard deviation (SD), while categorical variables were expressed as per-

centages. Paired #-tests were used to compare intubation times, chi-square tests were applied to assess differ-

ences in success rates, and one-way ANOVA was performed to evaluate the relationship between competence

scores and training duration. A p-value of less than 0.05 was considered statistically significant.
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RESULT

A total of 140 undergraduate medical students were included in this study, divided equally into Simulation
and Non-simulation groups (70 in each). The following tables and figure summarize the outcomes observed
across various parameters assessing the competence of endotracheal intubation.

In this study the mean age of participants in the SIMULATION group was 24.30 years (SD = 1.788), while
the NS group had a mean age of 24.39 years (SD = 1.671). The standard error of the mean was 0.214 for the
SIMULATION group and 0.200 for the NS group. Statistical analysis revealed no significant difference in age
between the two groups (p = 0.77), indicating that the groups were comparable in terms of age distribution.
Regarding gender distribution, the NS group consisted of 40 females and 30 males, while the SIMULATION
group included 37 females and 33 males. Across both groups, there were a total of 77 females and 63 males. A
chi-square test showed no significant difference in gender distribution between the groups (3> = 0.26, p =
0.61), confirming a balanced gender representation.

Bar Chart

GRP

B Non-simulation
M SIMULATION

Count

95% Cl age

Non-simulation simulation
group GENDER

Fig 1. Distribution of study subjects as per age Fig 2. Distribution of study as per gender

The presents study showed that the mean intubation times for study subjects in two groups: Simulation and
Non-simulation. The Simulation group, consisting of 70 participants, had a mean intubation time of 8.27 sec-
onds with a standard deviation of 3.64, while the Non-simulation group had a mean of 9.79 seconds with a
standard deviation of 3.84. The p-value of 0.018 indicates a statistically significant difference in intubation
times between the two groups, with the Simulation group performing the task more quickly on average. (table

)

Table 1: Mean Intubation time:

Group N Mean (sec) [SD Std. Error Mean |P Value
Simulation 70 |8.27 3.64 0.44

0.018
Non-Simulation 70 19.79 3.84 0.46

In our study the Non-simulation group, 47.1% of participants had an excellent score, 15.7% had an acceptable
score, 30.0% had a marginal score, and 7.1% had an unsatisfactory score. In the Simulation group, 75.7% had
an excellent score, 12.9% had an acceptable score, 5.7% had a marginal score, and 5.7% had an unsatisfactory
score. The chi-square value of 16.52 and p-value of 0.001 indicate a statistically significant difference in
equipment scores between the two groups. (Table 2)

Table 2: Distribution as per Equipment Score
Equipment Score Non-Simulation (N=70) Simulation (N=70) P Value

Excellent 33 (47.1%) 53 (75.7%) 0.001
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P Value

Equipment Score Non-Simulation (N=70) Simulation (N=70)
Acceptable 11 (15.7%) 9 (12.9%)
Marginal 21 (30.0%) 4 (5.7%)
Unsatisfactory 5(7.1%) 4 (5.7%)

In the present study it showed that the Non-simulation group, 65.7% of participants had an excellent score,
11.4% had an acceptable score, 11.4% had a marginal score, and 11.4% had an unsatisfactory score on their
intubation technique. In the Simulation group, 87.1% achieved an excellent score, 7.1% had an acceptable
score, 2.9% had a marginal score, and 2.9% had an unsatisfactory score. The chi-square value of 9.99 and p-
value of 0.019 indicate a statistically significant difference in intubation technique scores between the two
groups.(Table 3)

Table 3: Intubation Technique Score

Intubation Score Non-Simulation (N=70) Simulation (N=70) P Value
Excellent 46 (65.7%) 61 (87.1%)
Acceptable 8 (11.4%) 5(7.1%)

0.019
Marginal 8 (11.4%) 2 (2.9%)
Unsatisfactory 8 (11.4%) 2 (2.9%)

In present assessment of study subjects based on their total competency scores in two groups: Non-simulation
and Simulation. Among the Non-simulation group, 41.4% had excellent scores, 50.0% had acceptable scores,
and 8.6% had marginal scores. In the Simulation group, 75.7% had excellent scores, 22.9% had acceptable
scores, and 1.4% had marginal scores. The chi-square test yielded a value of 17.67 with a p-value of less than
0.001, indicating a statistically significant difference in total competency scores between the two
groups.(Table 4)

Table 4: Total Competency Score

Competency Score Non-Simulation (N=70) Simulation (N=70) P Value
Excellent 29 (41.4%) 53 (75.7%)
Acceptable 35 (50.0%) 16 (22.9%)

<0.001
Marginal 6 (8.6%) 1 (1.4%)
Unsatisfactory 0 (0%) 0 (0%)

In this study showed that the Non-simulation group, 61.4% of participants were satisfied and 38.6% were un-
satisfied. In the Simulation group, 94.3% were satisfied and 5.7% were unsatisfied. The Chi-square test pro-
duced a value of 21.92 with a p-value of less than 0.001, indicating a statistically significant difference in in-
dividual satisfaction between the two groups.(Table 5)

Table 5: Individual Satisfaction

Satisfaction Level

Non-Simulation (N=70)

Simulation (N=70)

P Value

Satisfied

43 (61.4%)

66 (94.3%)

<0.001
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Satisfaction Level Non-Simulation (N=70) Simulation (N=70) P Value
Unsatisfied 27 (38.6%) 4 (5.7%)

In present study it showed that 18.6% of students in the Non-simulation group experienced oesophageal intu-
bation, compared to 11.4% in the Simulation group. Lip trauma occurred in 2.9% of the Non-simulation group
and none in the Simulation group, while mucosal ulceration was equally distributed at 2.9% in both groups.
The majority of students in both groups had no complications (75.7% in Non-simulation vs. 85.7% in Simula-
tion). The chi-square test yielded a value of 3.62 with a p-value of 0.30, indicating no statistically significant
difference between the two groups in terms of complication rates.(Table. 6 )

Table 6: Complication Rates

Complication Non-Simulation (N=70) Simulation (N=70) P Value
Oesophageal Intubation 13 (18.6%) 8 (11.4%)

Lip Trauma 2 (2.9%) 0 (0%)

Mucosal Ulceration 2 (2.9%) 2 (2.9%) 030

No Complication 53 (75.7%) 60 (85.7%)

DISCUSSION

This prospective interventional study assessed the effectiveness of simulation-based training in improving en-
dotracheal intubation competence among undergraduate medical students. The study included 140 participants
equally divided into Simulation and Non-simulation groups, ensuring well-matched demographic variables to
minimize potential confounding factors.

The age distribution between the Simulation and Non-simulation groups was comparable, with mean ages of
24.30 + 1.79 years and 24.39 + 1.67 years, respectively. A p-value of 0.77 confirmed no statistically signifi-
cant difference between the groups, ensuring that age was unlikely to influence the study outcomes. These
findings are consistent with those reported by Marc Lilot et al. [15], where no significant age differences were
observed between groups in a similar simulation-based training study. This demographic balance reinforces
the validity of attributing performance differences to the training methodology itself.

Similarly, the gender distribution was balanced, with 77 females and 63 males across both groups, and no sta-
tistically significant difference (p = 0.61) between them. These results mirror the observations of Cook et al.
[16] and Zendejas et al. [17], who established that gender does not significantly affect the outcomes of simula-
tion-based training, supporting its applicability across diverse learner groups. The demographic uniformity in
this study enhances the reliability of attributing observed differences in intubation competence to the interven-
tion itself rather than to inherent group differences.

In evaluating procedural efficiency, a statistically significant difference was observed in mean intubation
times between the two groups. The Simulation group achieved faster intubation times (8.27 £+ 3.64 seconds)
compared to the Non-simulation group (9.79 + 3.84 seconds; p = 0.018). This finding aligns with the results of
Cook et al. [16] and Wang et al. [18], who reported that simulation-based training enhances both procedural
speed and accuracy. The improved efficiency seen here is particularly relevant in emergency care settings
where rapid, accurate intubation is crucial.

Equipment handling proficiency also showed significant improvement in the Simulation group, with 75.7% of
participants achieving excellent scores compared to 47.1% in the Non-simulation group (p = 0.001). This out-
come corroborates the work of Heinz R. Bruppacher et al. [19] and Chandra et al. [20], who demonstrated that
simulation-based training significantly enhances technical skills, with simulation-trained participants showing
superior equipment management skills that effectively translate to clinical practice.
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A marked difference was observed in intubation technique scores, with the Simulation group achieving a sig-
nificantly higher percentage of excellent scores (87.1%) compared to the Non-simulation group (65.7%; p =
0.019). This result is in agreement with Fauzia Minai’s findings [21], which showed that simulation-trained
groups performed significantly better in critical procedural tasks such as laryngoscope handling and intubation.
The current study’s results further substantiate the role of simulation in refining procedural techniques.

The total competency score also revealed a statistically significant difference favoring the Simulation group.
Specifically, 75.7% of Simulation-trained students achieved excellent overall competency scores versus 41.4%
in the Non-simulation group (p < 0.001). These findings resonate with those of Minai et al. [21], who ob-
served significant disparities in overall competence favoring simulation-trained cohorts. The ability of simula-
tion to provide a controlled, risk-free, and repetitive practice environment likely contributes to the superior
competency outcomes observed in this study.

Participants’ satisfaction levels were significantly higher in the Simulation group (94.3%) compared to the
Non-simulation group (61.4%; p < 0.001). These results echo the findings of Boet et al. [22], who reported
greater satisfaction among learners undergoing simulation-based training. Simulation’s capacity for immersive,
hands-on learning experiences and immediate feedback is believed to enhance learner confidence, engagement,
and overall educational satisfaction.

While complication rates did not differ significantly between the two groups (p = 0.30), the Simulation group
consistently exhibited lower complication rates across specific events such as oesophageal intubation (11.4%
vs. 18.6%). Although not statistically significant, this trend aligns with studies by Sahu et al. [23] and Barsuk
et al. [24], which reported reduced procedural complications following simulation training. The opportunity
for repeated practice and error correction in a safe environment likely contributes to this reduction, reinforcing
simulation’s value in clinical education.

In summary, this study demonstrates that simulation-based training significantly improves endotracheal intu-
bation competence among undergraduate medical students, as reflected in faster intubation times, superior
equipment handling, better intubation technique, higher total competency scores, and greater learner satisfac-
tion. These benefits were observed independent of demographic factors such as age and gender, reinforcing
the effectiveness and broad applicability of simulation-based education. The findings support integrating sim-
ulation into undergraduate medical curricula to enhance procedural proficiency and improve patient care out-
comes.

CONCLUSION

This prospective interventional study highlights the effectiveness of simulation-based training in enhancing
endotracheal intubation competence among undergraduate medical students. The findings demonstrated that
students who underwent simulation-based training achieved significantly faster intubation times, superior
equipment handling, higher intubation technique scores, and greater overall competency compared to those
trained through conventional methods. Furthermore, individual satisfaction levels were notably higher in the
simulation group, reflecting improved learner engagement and confidence.

While no statistically significant differences were observed in complication rates between the two groups, the
trend toward fewer complications in the simulation group reinforces the safety benefits associated with simu-
lation-based education. Importantly, demographic factors such as age and gender were comparable between
groups, affirming that the differences in clinical competence were attributable to the training methodology ra-
ther than participant characteristics.

In conclusion, simulation-based training represents a valuable adjunct to traditional clinical education, offer-
ing a safe, structured, and effective platform for students to acquire and refine essential procedural skills. The
results of this study support the integration of simulation-based modules into undergraduate medical curricula
to improve procedural proficiency, enhance learner satisfaction, and ultimately promote better patient care
outcomes.
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