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ABSTRACT/SUMMARY

Tracheal intubation is an essential skill in healthcare, yet little is known about how best to measure or 

teach procedural expertise. Motion capture allows quantitative evaluation of the biomechanics of a 

complex movement pattern, and motion capture recently showed promise in a pilot study of simulated 

tracheal intubation. We completed a prospective study comparing the movement profiles of novices and 

expert performing a variety of approaches to laryngoscopy and tracheal intubation in a simulated 

setting, using methods of biomechanical measurement: 3D motion capture and accelerometry. We 

recruit anesthesiologists (experts) and pediatric residents (novices) and have them perform tracheal 

intubation on airway mannequins in the motion capture lab. For a variety of laryngoscopic approaches 

and mannequin sizes, we will specifically analyze 4 aspects of the biomechanics of tracheal intubation: 

path length, linear distance, angular acceleration in the sagittal plane, and linear acceleration. We 

determined associations between various measures of these 4 biomechanical movements and both a 

standard measure of procedural expertise (level of training) and procedural efficiency (time to 

successful intubation). The results of this initial investigation will inform prospective investigations to 

validate the expert profile on actual patients and as the basis of interventional studies to measure and 

accelerate acquisition of procedural competency by trainees.  
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BACKGROUND 

Laryngoscopy and tracheal intubation (referred to below simply as tracheal intubation) is an essential 

procedure in healthcare1-8. In high acuity, low frequency settings, such as a pediatric emergency 

department (PED), providers fail to intubate patients despite longer attempts9-12, putting critically ill or 

injured patients at additional risk for serious harm.1-5 Providers who need to perform tracheal intubation 

in high acuity, low frequency settings face a paradox: they must learn to do well what they don’t do 

often and under the most challenging conditions, while lacking sufficient clinical opportunities to 

improve performance. There is ample evidence that providers in these settings are not achieving or 

maintaining competency with tracheal intubation.10,12-16  

A number of approaches to improving the success of emergency tracheal intubation have been 

studied.12,17-26 A recent systematic review, however, highlighted the fundamental problem with all such 

studies: there are no validated, reliable methods to measure the skill of a given provider and the 

effectiveness of any approach to improve them.17 Moreover, to develop a valid, reliable method, it is 

essential to know the aspects of tracheal intubation performance associated with expert performance. 

Despite numerous expert recommendations and textbook descriptions, few studies describe the 

movement profile associated with expert performance of tracheal intubation.27,28 In another systematic 

review, the authors concluded that, “in most studies a comprehensive analysis of the tools [to evaluate 

procedural skill] was not achieved. Evaluation of technical skill using current … tools is not reliable and 

valid at the specialist level. Future research needs to focus on further systematic tool development and 

analysis, especially at the specialist level”.29 Thus, there is a major knowledge gap in the airway skills 

literature and a critical need to develop a valid, reliable method to assess the skill level of trainees and 

providers, especially those performing tracheal intubation in high acuity, low frequency settings.  
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Three dimensional (3D) motion capture utilizes retro-reflective markers to allow precise, quantitative 

measurement of movements at various scales, angles, and speeds. Investigators recently used 3D 

motion capture to measure performance of tracheal intubation on a task trainer.28 The movement 

profiles of three participants (a novice, an intermediate learner, and an expert) were described, with 

markers placed on each participant’s arms and on the laryngoscope handle. Each participant performed 

four trials of tracheal intubation on an adult-sized mannequin, with a single laryngoscopic approach and 

blade type. There were notable differences between providers even after four trials. This simple 

approach to the measurement of the performance of tracheal intubation is highly innovative and 

promising, but the study by Carlson et al has acknowledged limitations. The sample size was small and 

narrow, with only three subjects using one laryngoscopic approach on a single airway mannequin. 

Moreover, Carlson et al was a pilot study, without specific hypotheses about the components of tracheal 

intubation associated with better or expert performance.  

The purpose of the current study was to build directly off the study by Carlson et al, to further address 

the stated knowledge gap. Our main objective was to develop an expert profile for tracheal intubation 

using 3D motion capture. We hypothesized that, for laryngoscopy and tracheal tube delivery, there 

would be significant differences between expert and novice performance of tracheal intubation by 

specific aspects of movement. Additional objectives were to begin to assess the validity of this profile by 

determining its association with procedural efficiency, i.e., duration of attempts, and to explore the use 

of a portable, low-cost inertial motion unit sensors (IMUs) as an alternative to 3D motion capture. We 

also hypothesized that there would be significant, positive correlations between measures of the above 

four biomechanical variables and a shorter duration of tracheal intubation.  
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METHODS 

Design 

This was a prospectively planned study of physicians performing laryngoscopy and tracheal intubation 

on airway mannequins in a controlled environment. Our institutional review board approved the 

protocol prior to study commencement. 

Setting 

The setting was the Training Enhancement and Analysis of Movement Virtual Reality (TEAM VR) 

laboratory housed within the SPORT Center in the Division of Sports Medicine at Cincinnati Children’s 

Hospital Medical Center (CCHMC). The lab was arranged to simulate the resuscitation area of the ED at 

CCHMC, with stretchers and standard airway equipment (Figure 1).  

Figure 1: Study set-up in the Training Enhancement and Analysis of Movement Virtual Reality lab 
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Subjects 

We enrolled a convenience sample of physicians from two categories of experience with laryngoscopy 

and tracheal intubation: expert and novice. The inclusion criteria for experts consisted of being a 

pediatric anesthesiologists at CCHMC; novices needed to be first-year categorical pediatric residents at 

CCHMC with no prior residency or clinical experience after medical school. Potential subjects were 

recruited via email, with additional discussion of study details by email and phone. As a safeguard to 

protect the novice participants from undue influence, no investigator other than the research 

coordinator conducted recruitment activities or pediatric residents. Our target for enrollment was 15 

participants in each group (30 total), based on feasibility/prior experience with similar studies; our 

power calculation for a fixed sample size is described below.  

Pre-Study Assessment of Airway Experience 

After enrollment, but before the simulation sessions, participants completed a standard electronic 

questionnaire (Appendix A). Questionnaire data were used to assess group assignment, i.e., expert 

versus novice airway experience and training. One of the investigators (SB) with survey expertise led 

drafting, revision, and administration of the questionnaire. A draft version of the questionnaire was 

piloted with a group of pediatric residents, pediatric emergency medicine fellows, and a pediatric 

anesthesiologist, none of whom were also study participants. The survey was developed and 

administered using REDCap (Research Electronic Data Capture) electronic data capture tools hosted at 

Cincinnati Children’s Hospital Medical Center.30 REDCap is a secure, web-based application designed to 

support data capture for research studies, providing 1) an intuitive interface for validated data entry; 2) 

audit trails for tracking data manipulation and export procedures; 3) automated export procedures for 

seamless data downloads to common statistical packages; and 4) procedures for importing data from 

external sources. Data collected included participant discipline, level of training, post-graduate year of 
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training, estimate of the number of patients intubated (past month, lifetime and prior 12 months), self-

reported proficiency with laryngoscopy and tracheal intubation (1-7 Likert scale), and experience with 

indirect (video-assisted) intubation. 

Simulation sessions 

Four pilot simulations were conducted with physician volunteers to develop and to refine the study 

design and study simulations. During these pilot simulations, a session integrity document (Appendix B) 

was developed to standardize the equipment, set-up, and conduct of each study session.  

Informed consent was obtained upon arrival to the participant’s simulation session, followed by 

completion of the pre-session questionnaire. To avoid bias from casual discussions, only one participant 

was in the lab for a given session, and participants were asked not to divulge study details to potential 

participants. Participants and laryngoscopes were then instrumented with retro-reflective markers and 

inertial measurement unit (IMU) sensors, based on preselected and standardized locations (Figure 2).  
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Figure 2: Retro-reflective marker placement 

Marker and IMU locations were selected during the pilot simulations to minimize interference with 

procedural performance and based on previously published methods for upper extremity kinematic 

assessment.31 A TrignoTMwireless inertial measurement unit (IMU) sensor (Delsys, Inc., Natick, MA) was 

attached to the back of each of the provider’s hands and the laryngoscope handle. These IMUs can 

measure trajectories of motion in the medial-lateral, anterior-posterior, and vertical directions, along 

with pitch, yaw and roll orientations. Kinematic data were collected using an 11 camera 3-dimensional 

motion capture system (Motion Analysis Corp., Santa Rosa, CA). Based on a review of the literature on 

airway trainer fidelity31-34, the trainers available through our simulation center, and the pilot simulations, 

we selected the TruCorp® Adult Airway Management Trainer (TruCorp, Belfast, Northern Ireland) and 

Laerdal Simjunior® (Laerdal Medical  Corporation, Wappingers  Falls, NY). Importantly, both of these 

mannequins permit glottis visualization through indirect (vallecula) and direct manipulation of the 

epiglottis, an essential requirement for our study design.  
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Following informed consent, completion of the questionnaire, and marker placement, the participant 

was led into the laboratory. Study staff then oriented the participant to the simulated environment 

(Figure 1), answering any question the participant had about the set-up and equipment. The principal 

investigator specifically explained that the curved blades were intended to be inserted into the vallecula 

and the straight blades to lift the epiglottis directly. The investigator also clarified that the video screen 

should be used to visualize the glottis and observe tube insertion whenever that blade was provided. 

Participants were asked to perform video laryngoscopy on at least one of the mannequins before the 

session began, providing the novice group especially an opportunity to use the video laryngoscope and 

gain some familiarity with the mannequins. Finally, after the introduction to the environment but before 

the first study attempt, the principal investigator read a standard script to each participant (Appendix B). 

Study sessions and tracheal intubation trials 

A study session consisted of all laryngoscopy/intubation trials performed by a given participant. A trial 

was defined as insertion of the laryngoscope blade into the mannequin’s mouth and an attempt at 

tracheal intubation. Prior to each study session, each participant assumed a standard pose for collection 

of a 3-second static trial that was used to calibrate a coordinate frame for data post-processing and 

analyses. Following the static trial, each participant performed three successful trials each of 7 

laryngoscopic approaches, for a total of 21 trials (Figure 3); only successful trials were included to 

simplify analysis. We determined the success of each trial by direct visualization- following each trial the 

principal investigator performed laryngoscopy to assess tracheal versus non-tracheal positioning.  
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Figure 3: 7 potential combinations of mannequin size (adult and child) and laryngoscopic approach 

(direct and video laryngoscopy; straight and curved laryngoscope blade) performed by novice and expert 

participants during a motion capture study of simulated laryngoscopy and tracheal intubation.  

* Video laryngoscopy on an adult mannequin with a straight blade excluded as this is not a

recommended approach. 

Video laryngoscopy was defined as both visualization of the glottic opening and tracheal intubation 

using the video screen only. We used the Storz C-MAC® (Karl Storz – Endoskope) for all video 

laryngoscopy trials (Macintosh 2 and 3 and Miller 1 blades). Participants were provided these definitions 

during the introduction and then monitored during each trial to confirm performance. We used 

Participant

Direct

Straight
Adult

Child

Curved
Adult

Child

Video

Straight Child*

Curved

Adult

Child
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disposable laryngoscope blades (Macintosh 2 and 3, Phillips 1 and 2) and an adult-sized handle for all 

direct laryngoscopy attempts.  

We block randomized performance of the 7 approaches (3 blocks of 7 approaches) to minimize the 

effect of order on outcomes of interest, especially the effect of novice participant learning from earlier 

trials. All 7 approaches had to be successfully performed in a given block before moving to the next 

block, meaning if a trial was unsuccessful, that approach was repeated at the end of the same block. The 

only exception was if moving that approach to the end of a block lead to repeating the same approach 

on successive attempts. In this case, or if the randomization scheme led to the same approach on 

successive trials, we switched the order of the last approach of the prior block and the first of the next.   

Each trial began with the laryngoscope (left) and endotracheal tube (ETT) (right) on the bed at the level 

of the participant’s lower abdomen, to minimize capture of non-procedural movement (Figure 1). Each 

trial began with a countdown from three by the VR lab technician. Trials ended with the participant 

attempting ETT insertion and stating “done.” A trial could also stop at the principal investigator’s 

discretion, primarily for novices due to grossly prolonged attempts.  

Between trials, participants left the immediate study area and performed a basic physical (catch/throw a 

weighted ball) and cognitive activity (count down/up from 100 by a number between 1 and 9). These 

activities were intended to limit any “learning effect” from a previous trial(s), allowing a more valid 

determination of the variability for each provider across trials for a given approach. The participant 

completed the non-procedural activities out of sight of the study setting, while trial success was 

confirmed and all equipment for the subsequent trial was prepared by study staff. 
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Following the completion of the 21st successful trial, novice participants were offered a debriefing 

session, during which aspects of their technique were reviewed with an airway management 

expert/investigator. The participant was allowed time to practice any of the various approaches, with 

the expert providing feedback. This educational opportunity was referenced in the informed consent 

process and represents the primary benefit to novice participants.  

Data collection 

The set-up and coordination of data collection was developed and refined through the pilot sessions. 

Participant baseline characteristics were collected by the pre-session electronic questionnaire. For data 

collection during the simulation sessions, we synchronously recorded from 3 data sources for each trial:  

3D kinematic data, IMU accelerometry and a single external digital video camera. Behavioral data were 

collected at 120 Hz via the 11-camera 3D Motion Analysis system and the TrignoTMIMUs. For 

laryngoscopy, the movement of the handle itself was measured by both motion capture and 

accelerometry (IMUs); the right hand was measured as a proxy for the ETT, due to difficulties attaching 

motion sensors directly to the ETT (discovered in pilot work). The external video camera was centered at 

the level of the mannequin’s mouth for consistency and data capture, with the Storz CMAC® positioned 

to allow recording of the participant, mannequin, and CMAC video screen.  

Outcomes and Measures 

The kinematic data was divided into separate laryngoscopy and intubation segments. The start of the 

laryngoscopy segment (and thus the trial) was objectively defined from the on-set of motion by the 

participant at the time of the “go” signal greater than 5 cm of deviation in the Z (vertical) axis from initial 

position of their laryngoscope (left) hand. The laryngoscopy segment ending was objectively identified at 

the point when the left wrist orientation in the sagittal plane was > 40° of laboratory 0° and the left-

hand acceleration dropped below a threshold of 2 mm/s2. The start of the intubation segment was 

identified at the time when the on-set of motion of the right hand was greater than 5 cm of deviation in 

the Z axis from the position of the ETT at rest on the gurney. The end of the intubation segment (and 

thus the trial) was denoted when the right-hand acceleration dropped below a threshold of 2 mm/s2. 
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The primary outcome was the expert profile for tracheal intubation, consisting of measures of the 

kinematics of laryngoscopy and tracheal intubation, including: path length, linear distance, angle in the 

sagittal plane, and acceleration for the left hand (laryngoscopy) and right hand (intubation). Path length 

was defined as the total distance traveled in cm, including all forward and backward motion. Linear 

distance was defined as the total distance traveled in cm, relative to a fixed or “zero” point, between the 

starting and ending positions of the laryngoscope. We measured each biomechanical variable during 

both movement segments, i.e., laryngoscopy and tracheal intubation.  

 In addition to those listed in Table 2, we measured several other aspects of each laryngoscopic trial, 

including numerous aspects of procedural biomechanics (participant head, torso, lower body, and 

mannequin) and several time-based elements. Using these above time points, we will determine several 

intervals (in seconds) for each trial, including time to visualization of the glottis (object of laryngoscopy). 

We also measured the success and duration of each laryngoscopy attempt/trial. We defined success as 

the ETT inserted past the mannequin’s glottis (dichotomous, success or failure).  

Analyses 

For the primary outcome (biomechanical measures), the unit of analysis was a combination of 

participant and approach. For each participant, we averaged each biomechanical measure (Table 2) 

across the three trials for a given approach (standard approach in biomechanical research). To compare 

the biomechanical measures between the experienced and the novice providers, we used mixed-effect 

models for the 6 biomechanical measures and the duration of attempts (7 separate models). The fixed 

effects include provider (experienced versus novice) and laryngoscopic approach (7 approaches). Post-

hoc analyses were used, when appropriate, to examine differences among laryngoscopic approaches, 

with adjustment for multiple testing using Tukey’s method. Alpha was set to p ≤ .05 for all primary 

analyses.   
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RESULTS 

Enrollment 

Between November 2016 and March 2017, we successfully enrolled 15 novices and 11 expert 

participants. We failed to enroll 4 additional experts due to difficulties with availability and the end of 

the study period. Missing data were rare and are indicated in the relevant tables/figures. No expert trials 

were unsuccessful (failed attempt). Six of 15 novices had at least one unsuccessful trial: 4 novices had 

one, 1 novice had two, and 1 had three unsuccessful attempts. For one novice, the principal investigator 

(BK) stopped a single trial three times to provide additional instruction, as the trial was grossly 

prolonged; data from this trial were included after the final interruption.   

Participant Characteristics 

Participant background and training characteristics are summarized below (Table 1). Of note, the 

background survey administered to participants (Appendix A) includes options to report certified nurse 

anesthetist (CRNA) or emergency medical technician (EMT) roles. These options were included for use in 

the event that recruitment among these groups became necessary due to enrollment problems; 

however, it was ultimately decided that the added variation these additions would have introduced 

would have constituted a greater risk to study validity than would a reduction in sample size. 
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Table 1: Characteristics of novice and expert physician participants in a  
motion capture study of simulated laryngoscopy and tracheal intubation 
n (%) shown 

Novice and expert participants differed markedly in terms of experience intubating actual patients 

within the past month, the past year, and entire lifetime (Figure 4). Novice participants had higher levels 

of experience intubating both pediatric and adult mannequins within the last year, though experts had 

higher levels of lifetime experience; few participants in either group had participated in mannequin-

based airway training within the past month (Figure 5). Over half of novice participants had no 

experience using a video laryngoscope in any context. All expert participants had used a video 

laryngoscope when intubating patients, and about one third of participants in both groups had practiced 

using a video laryngoscope on a mannequin (Figure 6). Expert participants reported much higher levels 

of confidence with their intubation skills, both for infant and adult patients (Figure 7). 

Characteristic 
Expert 

(11) 
Novice 

(15) 
Gender 

 Female 
    Male 

6 (55)
5 (45)

9 (60)
6 (40)

Medical Specialty 
 Anesthesiology 
 Pediatrics 
 Medicine/Pediatrics 
 Pediatrics/Medical Genetics 

11 (100)
-
-
-

0
13 (87)

1 (7)
1 (7)

Years Since Residency Completion 
 <3 
3-5
6-10
11-15
>15

2 (18)
3 (27)
2 (18)
3 (27)

1 (9)

n/a

Years Since Fellowship Completion 
 <3 
3-5
6-10
11-15
>15

3 (27)
3 (27)
3 (27)

1 (9)
1 (9)

n/a
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Figure 4: Self-reported participant experience intubating actual patients 

Figure 5: Self-reported participant experience intubating pediatric and adult mannequins 
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Figure 6: Self-reported participant experience using a video laryngoscope 

Figure 7: Self-reported participant confidence intubating adult and pediatric patients 
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For the laryngoscopy movement segment, a non-significant trend was observed for total path length 

relative to provider expertise, F(1,19) = 4.03, p= .06, 18. =2ߟ, indicating that the novices tended to 

exhibit a higher path length, overall, compared to the experts (Figure 8). 
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Figure 8: Laryngoscopy path length (in cm) differences between the novice and expert providers, 

irrespective of laryngoscopy condition. 

For the intubation movement segment, a significant main effect of path length was found, F(1,18) = 

17.35, p< .001, 49. =2ߟ, indicating that novices demonstrated a significantly greater path length during 

the intubation phase than experts, irrespective of laryngoscopy method (Figure 9). 

Figure 9: Intubation path length (in cm) differences between the novice and expert providers, 

irrespective of laryngoscopy condition. 

Linear Distance 

For the laryngoscopy and intubation movement segments, no significant differences were found for 

group (all p> .05). 
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Sagittal plane motion and acceleration  

Due to post-processing challenges, these analyses are still ongoing. However, preliminary figures are 

provided below to demonstrate qualitative differences between groups for the proposed outcome 

measures. 

Figure 10: The maximum acceleration (left) and variability of acceleration (right) of the left hand during 

laryngoscopy, collapsed across laryngoscopy condition.  

Note the qualitative differences between the two groups; the experts exhibit greater acceleration with 

less variability compared to the novices, who exhibit the opposite pattern. 

 

Figure 11: The variability of acceleration of the right hand during intubation (left) and the angular 

variability of the right wrist (right), collapsed across laryngoscopy condition.  

Note that experts exhibit greater acceleration variability and angular variability than the novices. 
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DISCUSSION 

In a prospective study of using 3D motion capture to determine the biomechanics of laryngoscopy and 

tracheal intubation, expert providers had distinct differences in several aspects of both movement 

segments. For the laryngoscopy movement segment, the expert profile seems to consist of a short path 

length, with fast acceleration and minimal acceleration variability (i.e., highly controlled) movements. 

That is, experts appear to be fast and efficient with their movements. For intubation, the expert profile 

appears to consist of a short path length, with higher variability in their acceleration and angular 

position. These analyses are preliminary, as full analysis is ongoing. We specifically are still analyzing 

data collected by the IMUs and several additional aspects of the motion capture data. 

Our study represents a significant addition to the initial report by Carlson et al28 and a substantial 

addition to the literature on procedural skill performance. Motion capture, and similar approaches to 

measurement, provide detailed, precise data on performance, theoretically allowing valid and reliable 

assessment of where on the “spectrum of expertise” trainees and established providers fall. Motion 

capture is not portable, however, and so we collected additional data by IMUs to explore a method of 

measurement that could be brought to the bedside.  
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FUTURE DIRECTIONS 

Our study has several important limitations. First, it was simulation-based, limiting the validity of our 

findings for actual patients. Second, to our knowledge, the literature on motion capture to study 

laryngoscopy and tracheal intubation is sparse, which limited our ability to test specific hypothesis about 

the expert profile and to refine our understanding of that profile. We also had difficulty executing the 

planned analyses due to unexpected issues with the motion capture data. Third, this study was single 

center, had a relatively small sample size, and failed to enroll the targeted number of experts. There are 

likely provider specific effects on the biomechanics of laryngoscopy and tracheal intubation that we did 

not adequately capture.  

To address these limitations, and based on the preliminary findings described above, we are planning a 

prospective study of laryngoscopy and tracheal intubation in the operating room at our institution, 

essentially repeating the current study but with actual patients in a controlled setting. Following 

completion of the analyses for the current study, we will use IMUs to begin to validate the expert profile 

generated in the current study. After conclusion of final intubation trial during the current study, all 11 

anesthesiologists were asked whether they felt that using a modified blade similar to the one used in 

the study would be a patient safety risk in the operating room, assuming accelerometers were affixed in 

a way that did not allow them to fall off and appropriate infection control procedures were in place. All 

eleven providers stated that they were able to move normally, were not distracted by the 

accelerometer/other modifications, and that they could see no safety risks for patients if similar devices 

were used in the OR. All providers expressed support for development of similar device and 

continuation of trials in the operating room, and we specifically included a pediatric anesthesiologist on 

our research team with this future study in mind.   
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We recently completed a checklist-based quality improvement initiative to improve safety of tracheal 

intubation in our pediatric ED. Our primary aim was to reduce the frequency of desaturation during 

tracheal intubation. The frequency of desaturation during tracheal intubation improved by 50%. 

Moreover, the frequency of patients with multiple desaturations improved by more than 80% and 

esophageal intubations were almost eliminated. While the safety of tracheal intubation was markedly 

improved, there remain a concerning number of unsuccessful and prolonged attempts. First-attempt 

failure is currently at 28% for children undergoing intubation in our pediatric ED, and the first attempt 

failure rate for infants is closer to 50%, which is consistent with other studies.13,14 Although 

improvement initiatives can reduce the risks associated with emergent tracheal intubation, rates of 

failed and prolonged attempts are likely to remain unnecessarily high wherever trainees and other less 

experienced providers perform the majority of attempts. As such, the most vulnerable patients will 

continue to be at additional risk of deterioration unless trainees achieve competency before performing 

tracheal intubation in the field. The planned investigations described above will inform the development 

of novel approaches to training and competency assessment and to the design of additional studies in 

less controlled environments, like the emergency department. 
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CONCLUSIONS 

In a prospective study using 3D motion capture to study the biomechanics of laryngoscopy and tracheal 

intubation in a simulated setting, preliminary analyses suggest distinct differences between expert and 

novice performance of both movement segments. Full analyses (to be provided to Ohio EMS as 

addendum in fall 2018) will inform planned studies of this critical procedure on actual patients, to 

expand our understanding of the expert profile and inform the development of innovative approaches 

to training and assessment of competence. 
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Appendix A: Participant Background Survey 



06/26/2018 2:35pm www.projectredcap.org

Confidential
5831 Kerrey 3D Motion Capture to Study Laryngoscopy and Intubation

Page 1 of 2

Participant Background Survey

Record ID: __________________________________

What is your general medical specialty? Pediatrics
Anesthesiology
Other

If "other," please specify your general medical __________________________________
specialty.

What is your current role? Resident
Fellow
Attending
CRNA
Other

If "other," please specify your current role. __________________________________

In what year did you complete your most recent __________________________________
residency? (Please write n/a if you are currently a resident)

In what year did you complete your most recent __________________________________
fellowship? (Please write n/a if you did not
complete a fellowship).

In what year did you graduate from your CRNA program? __________________________________

In what year did you obtain your CRNA certification? __________________________________

Please estimate the number of patients you have intubated in . . . 

0 1-10 11-20 21-50 51-100 More than 100

. . . the past month.

. . . the past year.

. . . your lifetime.

Please estimate the number of airway education sessions during which you have practiced
intubation on a pediatric mannequin in . . . 

0 1-10 11-20 21-50 51-100 More than 100

. . . the past month.

. . . the past year.

. . . your lifetime.

https://projectredcap.org
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Please estimate the number of airway education sessions during which you have practiced
intubation on an adult mannequin in . . . 

0 1-10 11-20 21-50 51-100 More than 100

. . . the past month.

. . . the past year.

. . . your lifetime.

Have you ever used a video laryngoscope such as the Yes--on a mannequin.
Storz CMAC? (Check all that apply). Yes--on an actual patient.

No--I have never used a video laryngoscope.

How confident are you in your ability to perform larnygoscopy and tracheal intubation on . . . 

Not
confident

Confident
with

straightfor
ward

airway

Confident
with

difficult
airway

. . . an adult?

. . . an infant

https://projectredcap.org
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Appendix B: Session Integrity Document 
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Session Integrity Document 

The purpose of this study is to develop an expert profile for tracheal intubation using 3D motion 
capture. Our long-term goal is to use this measurement approach to design a prospective, 
interventional study to accelerate the acquisition of procedural competency by trainees, including 
paramedics and physicians. Our central hypothesis is that there will be a set of movement 
characteristics (expert profile) that will accurately discriminate between levels of procedural proficiency 
across a variety of laryngoscopic approaches, and that this expert profile will predict greater procedural 
efficiency in a simulated setting, i.e., shorter duration of successful attempt.  

We will address our central hypothesis by completing three specific aims: 

Aim 1: Use 3D motion capture to build a robust expert profile for tracheal intubation in a simulated 
setting.  

Hypothesis 1a: For a variety of laryngoscopic approaches, there will be significant differences between 
experts and novice performers of laryngoscopy and tracheal intubation for four biomechanical 
variables: (1) path length, (2) linear distance, (3) angle in the sagittal plane, and (4) linear acceleration. 
Each variable will be measured during both the laryngoscopy and tracheal intubation movement 
segments.  

Hypothesis 1b: There will be significant, positive correlations between the four biomechanical variables 
and shorter procedural duration. The laryngoscopy movement segment will be defined as blade 
insertion to initial handling of the ETT and the tracheal intubation segment as initial handling of the ETT 
to visualized tube insertion through the glottic opening. 

Aim 2: Build an expert profile for laryngoscopy and tracheal intubation using portable, low-cost 
Inertial Motion Unit (IMU) sensors in a simulated setting. 

Hypothesis 2a: For a variety of laryngoscopic approaches, there will be significant differences between 
expert and novice performance of tracheal intubation for the above four biomechanical variables when 
measured by IMUs/accelerometry.  

Hypothesis 2b: There will be significant, positive correlations between measures of the four 
biomechanical variables obtained from IMUs and the duration of laryngoscopy and tracheal intubation 
(as defined above).  

Aim 3 (exploratory): Explore correlations between the two expert movement profiles for laryngoscopy 
and tracheal intubation (3D motion capture and portable IMU sensors). 

Hypothesis 3: For a variety of laryngoscopic approaches, measures obtained by 3D motion capture will 
correlate significantly with the IMU measurements, regardless of the individual sensitivity of either 
method to expert performance.  
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EQUIPMENT 

Conference room 

□ Consent forms  
□ Markers 
□ I-pad for pre-session questionnaire 
□ Paper copy of questionnaire (backup in case of tech failure) 
□ Pens 

 

Lab Checklist (go through pre-session to confirm equipment) 

□ TruCorp® Adult Airway Management Trainer  
□ Laerdal Simjunior®  
□ Stretcher 
□ Endotracheal tubes and stylets- 7.0 and 4.0 uncuffed (2 tubes needed; different curvatures are 

needed depending on approach) 
□ Spray lubricant 
□ Video laryngoscope and blades (MAC 2, MAC 3, Miller 1, Phillips 1, Phillips 2) 
□ Ball for distracting activity between attempts  
□ Velcro for accelerometers, and extra tape for repairs in case they fall off. 
□ Data collection table to track successful/failed attempts. 

 

 

SET-UP 

 Ben and Stephanie arrive 30 minutes ahead of time to set up conference room and lab 
 Stephanie 

o Confirm conference room equipment prepared 
o Prepare questionnaire 

 Ben 
o Pull curtain across back of lab, get ball 
o Stretcher: position centered in front of force plates 
o Mannequins: tape to stretcher (including necks, see photo), lubricate airways 

 TruCorp® Adult Airway Management Trainer  
 Laerdal Simjunior®  
 Turn bed according to initial option after randomization 

o Laryngoscopes 
 Video 
 Regular 
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 Place initial blade on the bed according to randomization 
o ETTs  

 7.0 uncuffed ETT for adult mannequin 
 4.0 uncuffed ETT for the child mannequin 
 Both lubricated and styleted   
 Approximately 30 degree of angulation distal to the cuff (based on expert 

recommendations) – participants should not re-bend the ETT 
 Place ETTs on the right side of each mannequin 

 Lab personnel 
o 2D camera on participant’s right (photo) 
o 2D camera on Storz screen 
o Randomization plan 

 We will randomize the order of each participant’s performance of the 7 
approaches, to minimize the effect of order on outcomes of interest.  

 Block randomization by 7 
1. To ensure all trial types occur for each group of 7 
2. If either 7th/8th or 14th/15th are the same, we will flip 8th and 14th  to 

avoid participant performing the same approach on successive trials 
o Markers 

 Secure accelerometer to blade  

 

PROCESS: PRE-SESSION 

1. Participants arrive on a staggered schedule: each participant arrives 30 minutes after previous, 
so that consent, questionnaire and markers placement are completed before previous 
participant completes last attempt. We estimate the consent/questionnaire/marker process to 
require at least 15 minutes 

2. Participant goes into the conference room first 
a. Clothing options 

i. Spandex/athletic clothing, e.g., spandex running top or other compression wear. 
Scrub or other comfortable pants are fine since no markers go on the legs. 

ii. Spandex/athletic running top with less form-fitting shirt over it. Motion Capture 
lab staff would just tape t-shirt up so areas noted above were available for 
markering. 

iii. Avoid using lotion day of or night before (causes markers to fall off)  
b. Consent 

i. In person and by research associate only (SB) 
ii. Note: We are exploring the possibility of consenting attendings in advance 

c. Questionnaire 
i. Initial questions will be used to confirm group assignment and exclusion criteria.  
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d. Marker/IMUs 
i. After consent and questionnaire, participant goes to change clothes, if needed. 

1. We had Adam change first. I think second is better. Let them ask 
questions during consent without being in spandex yet  Also, this way 
while they are changing I can run over the consent and questionnaires 
and make sure there’s no missing data. 

ii. 3D motion capture requires that the following areas be either bare or covered 
only by spandex-type material: 

1. Back of neck (long hair tied up) 
2. Upper sternum (low neck line on athletic shirts) 
3. Lower back in midline above sacrum (above waistline of pants/shorts) 
4. Anterior “hips” (above waistline/pants)  
5. Upper arms (tank tops are fine) 

iii. Marker and IMU locations were chosen based on numerous discussions and two 
pilot sessions. 

3. Research associate (SB) escorts participant to the VR lab 
a. To avoid bias from casual discussions, only one participant will be in the lab for a given 

session and participants will be requested not to divulge study details to potential 
participants after the session. 

b. Investigator (BK) orients participant to environment, including Q&A and explaining the 
following 

i. Mannequin sizes will vary and both video and direct laryngoscopy will be used 
1. Define and demonstrate direct versus indirect (use as much of the 

screen as desired) and straight versus curved approaches (above or 
below the epiglottis) 

ii. Multiple trials of each approach may be performed 
b. The bed height will be adjusted so that the mannequin’s head is approximately at the 

participant’s belt level.  

 

PROCESS: SESSION 

1. 3 second static pose (only before first attempt). Participant stands with heels against the back 
end of the pressure plate and with arms held slightly out from the sides. Lab staff will say “static 
pose” to initiate this, but investigator/research associate will instruct them on what this means 
beforehand. 

2. Investigator (BK) reads “Script for Initial Attempt” to participant, including the mannequin size 
and approach (curved/straight, direct/indirect), that the participant should start in a neutral 
position with the laryngoscope in his/her left hand, and that the ETT and stylet should be left in 
place after intubation and hands dropped to his/her sides at the end of the attempt/trial. 

a. “You are in the operating room, in a controlled environment with a stable patient that 
has completed a routine pre-operative assessment. You will attempt intubation using a 
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variety of approaches and patient sizes. The approaches will include both direct and 
video laryngoscopy and straight and curved blades. The adult mannequin has a c-collar 
in place to limit head movement. You may touch both mannequins before the attempt 
to adjust head position; please do not adjust the stylet or bend of the tube. The feel of 
the mannequins will be stiffer/different than a real patient. You may be asked to 
perform multiple trials of each approach. All equipment has been prepared for you, all 
medications administered. You are only responsible for laryngoscopy and tracheal 
intubation. You will continue each attempt until you have inserted the endotracheal 
tube into the trachea. Please state “done” and leave the tube and stylet in place when 
you have finished the attempt, dropping your hands to your sides. You first attempt will 
be on an ______-sized patient using _____ approach.” 

3. Lab technician asks participant if he/she is ready. Participant confirms and motion capture 
begins. 

4. Study session will consist of all laryngoscopy/intubation trials performed by a given participant.  
a. A trial is defined as a single attempt at tracheal intubation.  
b. Following the static trial, each participant will perform three trials each of 6 

laryngoscopic “approaches” (Figure 4), for a total of 24 trials per participant.  
i. 7 approaches 

1. Adult curved (MAC 3) direct 
2. Adult curved (MAC 3) indirect 
3. Adult straight (Miller 2) direct 
4. Ped straight (Miller 1) direct 
5. Peds straight (Miller 1) indirect 
6. Peds curved (MAC 2) direct 
7. Peds curved (MAC 2) indirect 

ii. Direct laryngoscopy is defined as the participant visualizing the actual airway 
structures, rather than through a video screen.  

1. The direct straight approach is defined as the use of a straight 
laryngoscope blade, i.e., Miller, where the provider uses the tip of the 
blade to directly engage and lift the epiglottis.  

2. The direct curved approach is defined as the use of a curved 
laryngoscope blade, i.e., Macintosh, inserted into the vallecula to raise 
the epiglottis through tension on the surrounding airway structures.  

iii. Indirect (video) laryngoscopy is defined as both visualization of the airway 
structures and the glottic opening and tracheal intubation using the video 
screen, with straight and curved defined as with direct visualization.  

iv. We will use the Storz C-MAC® (Karl Storz – Endoskope) for all direct and indirect 
attempts, with the video screen visible to the participant for the indirect 
attempts only.  
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v. There is not a straight blade of sufficient length for the adult intubation with the
laryngoscope, so for adult trials with the straight blade, the PI will directly check
whether the intubation was successful after the attempt.

c. Each trial will end with the participant inserting the ETT and stating “done” and placing
hands at sides.

d. Participant goes to other side of lab (behind curtain) to perform physical/cognitive
activities: a basic physical movement (catch/throw a ball 10 times) and cognitive activity
(count up to 100 by 2 after the first attempt, then 3, 4, 6, and 7. Then count down from
100 by the same numbers. Then start over counting up by 2, 3, etc. until all trials are
complete).

e. Count up to 100 by 2, and then 3 . . . 10
i. These activities are intended to limit any “learning effect” on the previous

trial(s), allowing a more valid determination of the variability for each provider
across trials for a given approach.

ii. The participant will complete the non-procedural activities out of sight of the
immediate study setting.

f. All equipment for the subsequent trial is prepared by investigator.
i. Quietly, the lab tech tells the investigator what the next randomly determined

approach will be
ii. Investigator confirms placement of ETT on previous attempt and records

success/failure:

iii. Script before all subsequent attempts: “Your next attempt will be on an
_______-sized patient using ____________ approach. The conditions and
stability of the patient have not changed and you are again only responsible for
laryngoscopy and intubation. Please continue until you have inserted the
endotracheal tube.”

iv. Set-up for next attempt (following randomization order)
1. Remove ETT and place on stretcher
2. Switch mannequins, if needed
3. Switch blades, if needed
4. Switch orientation of video screen, if needed
5. Lubricate airway

Approach Trail Result (1 = 
successful, 0 = failed) 

Adult curved direct 
Adult curved indirect 
Adult straight direct 
Peds straight direct 
Peds straight indirect 
Peds curved direct 
Peds curved indirect 
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6. Blades not being used are placed on the lower shelf of the stand
5. Following the completion of the 18th trial, any novice participant will be offered a debriefing

session, during which non-data related aspects of their technique will be reviewed with an
airway management expert/investigator. The participant will be allowed unlimited time to
practice any of the various approaches, with the expert providing feedback. This educational
opportunity will be referenced in the informed consent process and represents the primary
benefit to novice participants. Optional didactic time based on results (take notes during
procedure)

6. Remind participant not to share details of the study procedures with other participants or other
first year residents who make up the potential participant pool.




