
Introduction 

The appropriate use of a laryngoscope demands the patient to be in a typical posture 
with their mouth open, chin raised, and neck tilted back. However, certain patients need 
restrictions in the movement of their cervical spine that may require the head to be in a 
neutral position [1]. Therefore, using a semi-rigid neck collar can maintain a neutral 
head and neck position, but this allows very little movement of the neck and limits suffi-
cient mouth opening. Unfortunately, this can deteriorate the environment for tracheal in-
tubation and may lead to hypoxia or tissue damage [2–4]. Although advances in videola-
ryngoscopes have made tracheal intubation easier for patients with restricted cervical 
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Background: Semi-rigid neck collars to protect the cervical spine can limit the extent of 
neck movement and mouth opening; this may further complicate orotracheal intubation. 
We aimed to compare intubation environments obtained with videolaryngoscopy using 
the technique of gliding a blade under the epiglottis and that obtained using the conven-
tional Macintosh blade technique of blade tip placement on the vallecula. 
Methods: This prospective randomized study included patients aged ≥ 20 years with 
American Society of Anesthesiologists physical status I–III scheduled for cervical spine 
surgery between October 2020 and August 2021. Patients were divided into two groups 
according to the placement of the blade of the McGrathTM videolaryngoscope: the gliding 
and conventional groups. The percentage of glottic opening (POGO) score was the prima-
ry endpoint. We also recorded the time to obtain the optimal laryngoscopic view, intuba-
tion duration, and ease and satisfaction of the researcher performing intubation. 
Results: Among 176 patients, the POGO scores were significantly higher in the gliding 
group than in the conventional group (88.9 ± 14.7 vs. 63.8 ± 27.4, P < 0.001). The time to 
achieve the optimal glottic view for intubation and duration of intubation were also short-
er, and ease and satisfaction in performing intubation were better in the gliding group than 
in the conventional group. 
Conclusion: Our findings demonstrated a superior glottic view and more favorable intu-
bation environments when the blade tip was placed under the epiglottis than using the 
conventional Macintosh technique in patients with immobilized cervical spine. 
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spine movement, patients with semi-rigid neck collars still need 
more adequate and established intubation techniques. 

In the conventional Macintosh blade technique for orotracheal 
intubation, a blade tip is placed on the vallecula and lifts the glot-
tis. Another recommended technique of handling a blade is in-
serting the blade under the epiglottis in case of a damaged or pro-
truding tooth or if the patient has a soft epiglottis [5–7]. A cadaver 
study investigated inserting a laryngoscope with manual in-line 
stabilization for cervical spine fixation. They found that a straight 
blade designed to directly lift the glottis, similar to placing the 
blade tip under the epiglottis, could improve the intubation envi-
ronment more than a curved blade [8]. 

Videolaryngoscopes have lenses mounted at the end of the 
blade and the tip as well as fiberscopes. Partly resembling the 
technique used in the maneuver of the flexible fiberoptic bron-
choscope, gliding a blade of the videolaryngoscope under the epi-
glottis to expose vocal cords can achieve a better glottic view. 
However, the best technique for handling the blade of videolaryn-
goscopes in patients with a semi-rigid neck collar has not yet been 
definitely established. 

Therefore, we aimed to compare the overall intubation environ-
ment, including the glottic view, obtained with a videolaryngo-
scope using the technique of gliding a blade under the epiglottis 
and the conventional Macintosh blade technique of placing a 
blade tip on the vallecula in patients wearing a semi-rigid neck 
collar undergoing cervical spine surgery. 

Materials and Methods 

Participant enrolment and assignment 

This prospective randomized parallel study was conducted at 
Gangnam Severance Hospital, Yonsei University Health System, 
Seoul, Republic of Korea, in accordance with the Declaration of 
Helsinki 2013. The study protocol was approved by the Institu-
tional Review Board and Hospital Research Ethics Committee of 
Gangnam Severance Hospital, Yonsei University Health System 
(IRB No. 3-2020-0318) on September 1, 2020, and registered at 
ClinicalTrials.gov (NCT04578119) on October 19, 2020. Written 
informed consent was obtained from all the participants. Patients 
aged ≥  20 years with an American Society of Anesthesiologists 
physical status I–III scheduled for elective cervical spine surgery 
in the neurosurgery department at our institution between Octo-
ber 2020 and August 2021 were assessed for eligibility. Patients re-
quiring rapid sequence induction or planned awake intubation, 
those with symptomatic asthma or reactive airway disease requir-
ing daily pharmacological treatment, and those with the inability 

or unwillingness to provide informed consent were excluded. 
On the day of the surgery, the patients were randomly allocated 

to undergo orotracheal intubation either by placing the blade tip 
on the vallecula (conventional group) or by gliding it under the 
epiglottis (gliding group). The allocation was performed in a 1 : 1 
ratio based on a computer-generated sequence using permuted 
block randomization with a block size of four. Copies of the ran-
dom sequence were kept in sealed opaque envelopes that were 
opened by only two attending anesthesiologists immediately be-
fore anesthesia induction, following which intubation was per-
formed in the assigned groups. 

Preparation and anesthesia 

A researcher, blinded to the group assignment, performed an 
airway assessment in the preoperative holding area. The Mallam-
pati’s classification score, thyromental distance, inter-incisor dis-
tance (before and after semi-rigid neck collar placement), and 
neck circumference were measured. The condition of the teeth 
(no teeth, missing, mobile, or broken teeth, and partial or com-
plete dentures), limited range of the cervical spine movement (ex-
tension, flexion, and instability), and inability to protrude the 
lower jaw (<  1 cm) were also checked. Subsequently, the Stifneck 
Select® Collar (Laerdal Medical Corp., Norway)—a semi-rigid 
neck collar—was worn by all patients. Upon arrival at the operat-
ing room, electrocardiography, pulse oximetry, non-invasive 
blood pressure measurement, and bispectral index monitoring 
were performed. After the patients were preoxygenated with 100% 
oxygen for 3 min, remifentanil (0.2–0.4 μg/kg/min), propofol (1% 
1.5–2.0 mg/kg), and rocuronium (0.8–1.0 mg/kg) (degree of mus-
cle relaxation appropriate for tracheal intubation: train-of-four, 
0/4) were administered to induce anesthesia. 

Intubation technique 

Orotracheal intubation was performed by two attending anes-
thesiologists with at least 10 years of experience and who had used 
the McGrathTM videolaryngoscope (Medtronic, UK) 100 times or 
more. They had prior experience with the gliding technique using 
the McGrathTM videolaryngoscope, each having managed at least 
50 cases. Cuffed Mallinckrodt Hi-Contour Tracheal TubesTM (Co-
vidien, USA; 7.0 mm for females, 8.0 mm for males) were used, 
and malleable stylets (Satin-Slip®; Mallinckrodt Inc., USA) were 
mounted on the tubes. The stylets were prepared with the distal 
end angulated to a ‘hockey stick’ shape (Hockey-Stylet) that con-
sisted of a 100° angle created 8 cm from the distal tip of the cuffed 
tracheal tube, as this was reported to be the best shape in a previ-
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ous study [9]. We inserted a blade of McGrathTM videolaryngo-
scope into the patient’s mouth in the midline, and the tip of the 
blade was then guided around the base of the tongue. After the 
blade approached the epiglottis, in the conventional group, the 
blade tip was placed on the vallecula and tilted to lift the epiglottis 
anteriorly, similar to the conventional Macintosh blade technique. 
In the gliding group, a blade was introduced from the epiglottis 
tip to the posterior wall of the epiglottis that partly resembled the 
maneuver of a flexible fiberoptic bronchoscope without aligning 
the axis by moving the blade anteriorly. As the vocal cords became 
visible, the blade was glided in a little more (Fig. 1). 

Outcomes assessment 

The primary outcome was the percentage of glottic opening 
(POGO) score [10]; two independent investigators, who were not 
involved in the real intubation procedure, evaluated the POGO 
scores. An image of the glottic views was captured on the monitor 

display when an optimal view of the glottis was obtained, and in-
tubation was conducted. Successful tracheal intubation was con-
firmed by auscultation of both sides of the chest and end-tidal 
carbon dioxide graphs on the ventilator monitor. More than two 
intubation attempts were considered failure of intervention in our 
study protocol; such cases were dropped out from the study. The 
time taken to obtain an optimal visual condition (optimal glottic 
view)—in other words, the time until the glottic view with the 
best POGO score was secured—was evaluated as that shown at 
the final (successful) attempt; the time taken to confirm successful 
tracheal intubation (duration of intubation) was recorded as the 
total time from the first attempt to the final successful intubation. 
Additional aid for making good processing of intubation that in-
cluded manipulation of backward, upward, and rightward pres-
sure (BURP) was also assessed. Moreover, an independent re-
searcher asked the researcher who performed the intubation 
whether there was an upward lifting force of the hand while han-
dling the blade and recorded the answer. The Intubation Difficul-

Fig. 1. Two techniques of intubation using the McGrathTM videolaryngoscope. (A) We inserted a blade of the McGrathTM videolaryngoscope 
into the patient’s mouth along the midline, and the tip of the blade was then guided around the base of the tongue. After the blade approached 
the epiglottis, (B) in the conventional group, the tip of the blade was placed on the vallecula, and the epiglottis was indirectly lifted to expose the 
glottis, similar to the typical Macintosh blade technique, (C) in the gliding group, the blade was glided, as in a fiberoptic bronchoscopy handling, 
and placed under the surface of the epiglottis directly exposing the glottis.
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ty Scale (IDS) [11] score was determined based on documented 
data. Following tracheal intubation, the Cormack–Lehane (CL) 
grade [12] and the ease and satisfaction in performing intubation 
were recorded on a scale of 1–5 (1, worst; 5, best), respectively by 
two attending anesthesiologists. Injury to the patients’ lips, muco-
sa, or teeth during the intubation process was checked, and the 
hemodynamic parameters were also monitored. Following extu-
bation, all complications associated with intubation, including hy-
poxic events (reduction of oxygen saturation to <  90%), lip injury, 
mucosal bleeding, tooth damage, sore throat, difficulty in swal-
lowing, and voice changes, were assessed in the post-anesthetic 
recovery room and the ward.  

Statistical analysis  

In a previous study [13], intubation with the McGrathTM video-
laryngoscope showed average POGO scores and standard devia-
tions (SD) of 82 and 23, respectively. We assumed that the POGO 
score differs by an average of ≥  10 points when using the gliding 
technique compared to the conventional Macintosh blade tech-
nique. Considering this, with a power of 80%, significance level of 

5%, and drop-out rate of 5%, we calculated the sample size to be 
178 participants (89 per group). The Kolmogorov–Smirnov test 
was used to determine the distributions of all continuous vari-
ables. Student’s t-test was performed for normally distributed 
data, while the Mann–Whitney U test was used for data that were 
not normally distributed. Chi-square or Fisher’s exact tests were 
used to analyze the frequency variables. The inter-rater reproduc-
ibility of the POGO measurements was also assessed in all data-
sets by calculating the intraclass correlation coefficient and coeffi-
cient of variation. All data were analyzed using IBM SPSS Statis-
tics for Windows Version 25.0 software (IBM Corp., USA). Dif-
ferences were considered significant at P <  0.05. 

Results 

Of the 199 patients assessed for eligibility, 21 were excluded. 
Therefore, 178 patients were randomized to either the conven-
tional or gliding group; two dropped out, and 88 patients in each 
group were ultimately analyzed (Fig. 2). There were no differences 
in patient- and surgery-related characteristics, as well as pre-anes-
thesia airway assessments between the groups (Table 1). 

Fig. 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

Assessed for eligibility 
(n = 199)

Allocated to intervention (n = 89)
•  Received a technique of placing the blade tip 

on the vallecula (n = 88)
• Did not receive allocated intervention (n = 1)

Discontinued intervention (n = 0)
Lost to follow-up (n = 0)

Analyzed (n = 88)
• Excluded from analysis (n = 0)

Allocated to intervention (n = 89)
•  Received a technique of gliding the blade under 

the epiglottis (n = 89)
• Did not receive allocated intervention (n = 0)

Discontinued intervention (n = 1)
Lost to follow-up (n = 0)

Excluded (n = 21)
• Not meeting inclusion criteria (n = 21)
• Declined to participate (n = 0)
• Other reasons (n = 0)

Analyzed (n = 88)
• Excluded from analysis (n = 0)

Enrollment

Follow-up

Analysis

Allocation

Randomized
(n = 178)

https://doi.org/10.4097/kja.22733454

Kim et al. · Intubation in cervical immobilization

https://doi.org/10.4097/kja.22733


Table 1. Patient Characteristics and Preoperative Airway Assessments

Variable Conventional group (n =  88) Gliding group (n =  88) P value
Age (yr) 54.9 ±  10.2 55.5 ±  10.2 >  0.999
Sex (M/F) 59/29 60/28 >  0.999
Height (cm) 166.4 ±  8.5 167.3 ±  8.2 0.474
Weight (kg) 68.9 ±  11.9 69.3 ±  11.9 0.815
BMI (kg/m2) 24.7 ±  2.8 24.7 ±  3.0 0.843
ASA-PS 0.097
 I 11 (12.5) 9 (10.2)
 II 63 (71.6) 53 (60.2)
 III 14 (15.9) 26 (29.5)
Surgical name 0.661
 ACDF 65 (73.9) 63 (71.6)
 Laminoplasty 9 (10.2) 13 (14.8)
 Laminectomy 7 (8.0) 4 (4.5)
 Others 7 (8.0) 8 (9.1)
Mallampati’s score 0.365
 Ⅰ 33 (37.5) 24 (27.3)
 Ⅱ 42 (47.7) 44 (50)
 Ⅲ 12 (13.6) 17 (19.3)
 Ⅳ 1 (1.1) 3 (3.4)
Thyromental distance (cm) 7.5 ±  1.2 7.2 ±  1.2 0.151
Inter-incisor distance (cm)
 Before neck collar 5.4 ±  0.9 5.3 ±  0.9 0.660
 After neck collar 3.3 ±  0.9 3.3 ±  1.0 0.563
Neck circumference (cm) 38.4 ±  3.9 38.7 ±  3.6 0.602
Poor dentition* 10 (11.4) 13 (14.8) 0.655
Limited range of motion of cervical spine† 28 (31.8) 40 (45.5) 0.088
Inability to protrude the lower jaw 0 (0.0) 2 (2.3) 0.497
Values are presented as mean ± SD, number (%). *No teeth; missing, loose, or broken teeth; partial or complete dentures. †Limited extension or 
flexion, known or possible instability. BMI: body mass index, ASA-PS: American Society of Anesthesiologists physical status, ACDF: anterior 
cervical discectomy and fusion.

Table 2 describes the comparison of the POGO scores. The av-
erage POGO scores were significantly higher in the gliding group 
compared with those in the conventional group (88.9 ±  14.7 vs. 
63.8 ±  27.4, P <  0.001). The inter-rater reproducibility for esti-
mating the POGO score was excellent, with an intraclass correla-
tion coefficient of 0.93 (95% CI [0.90, 0.94]) and a coefficient of 
variation of 9.2% (within-subject SD 7.0%). 

Table 2 also presents parameters related to the intubation envi-
ronments. The time to obtain an optimal view for intubation and 
the duration of intubation were significantly shorter in the gliding 
group than in the conventional group (19.0 [6.9] vs. 27.5 [15.6] s 
and 45.8 [8.2] vs. 55.8 [15.5] s, respectively; P <  0.001). The CL 
grade was significantly different between the groups (P <  0.001), 
and more patients required lifting force and BURP manipulation 
in the conventional group than in the gliding group (59 [67%] vs. 
23 [26.1%] patients and 23 [26.1%] vs. 6 [6.8%] patients, respec-

tively; P <  0.001). In addition, IDS scores were significantly dif-
ferent between the groups (P <  0.001), and both the ease and sat-
isfaction of the anesthesiologists in terms of performing intuba-
tion were superior in the gliding group than in the conventional 
group (P <  0.001). Vital signs, such as blood pressure, heart rate, 
and peripheral saturation, were comparable between the groups at 
baseline and before and after intubation (Supplementary Table 1). 

Table 3 shows the profile of intubation-related complications. 
These were not significantly different between the two groups, 
and all patients were discharged without residual complications. 

Discussion 

In the present study, a superior laryngoscopic view and more 
favorable intubation environment were observed with the gliding 
blade technique than with the conventional Macintosh blade 
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technique in patients undergoing cervical surgery where the cer-
vical movement and mouth opening are restricted with a 
semi-rigid neck collar. The primary outcome was the laparoscopic 
glottic view measured using POGO scores when performing intu-
bation with a McGrathTM videolaryngoscope in patients undergo-

ing cervical spine surgery with the need for cervical immobiliza-
tion. Usually, the quality of the glottic view can be graded using 
the CL grading system; however, it has several problems, includ-
ing grade ambiguity between grades 1 and 2 [12,14], and the CL 
description of the view is not quantitative. For this reason, alter-

Table 2. Intubation-Related Environment

Variable Conventional group (n =  88) Gliding group (n=  88) P value
POGO (%)* 63.8 ±  27.4 88.9 ±  14.7 <  0.001
Time to obtain optimal view (s) 27.5 ±  15.6 19.0 ±  6.9 <  0.001
Duration of intubation (s) 55.8 ±  15.5 45.8 ±  8.2 <  0.001
Attempts of intubation >  0.999
 1 86 (97.7) 87 (98.7)
 2 2 (2.3) 1 (1.1)
CL grade <  0.001
 Ⅰ 1 (1.1) 0 (0.0)
 Ⅱa 18 (20.5) 48 (54.5)
 Ⅱb 59 (67.0) 40 (45.5)
 Ⅲ 9 (10.2) 0 (0.0)
 Ⅳ 1 (1.1) 0 (0.0)
Lifting force 59 (67.0) 23 (26.1) <  0.001
Vocal cord position 0.496
 Abduction 82 (93.2) 85 (96.6)
 Adduction 6 (6.8) 3 (3.4)
Alternative methods 0 0 >  0.999
Additional operator 2 (2.3) 0 (0.0) 0.497
‘BURP’ maneuver 23 (26.1) 6 (6.8) 0.001
IDS <  0.001
 N0 13 (14.8) 41 (46.6)
 N1 21 (23.9) 23 (26.1)
 N2 25 (28.4) 18 (20.5)
 N3 22 (25.0) 5 (5.7)
 N4 4 (4.5) 1 (1.1)
 N5 3 (3.4) 0 (0.0)
Easiness of intubation <  0.001
 1 36 (40.9) 69 (78.4)
 2 30 (34.1) 16 (18.2)
 3 14 (15.9) 1 (1.1)
 4 8 (9.1) 1 (1.1)
 5 0 (0.0) 1 (1.1)
Satisfaction for intubation <  0.001
 1 5 (5.7) 1 (1.1)
 2 8 (9.1) 0 (0.0)
 3 16 (18.2) 2 (2.3)
 4 35 (39.8) 22 (25.0)
 5 24 (27.3) 63 (71.6)
Values are presented as mean ± SD or number (%). Ease of intubation obtained from an attending anesthesiologist during performing intubation (1, 
worst; 5, best). Satisfaction for intubation obtained from an attending anesthesiologist during performing intubation (1, worst; 5, best). *Average 
value obtained from two researchers. BURP: backward, upward, rightward pressure, IDS: intubation difficulty scale, POGO: percentage of glottic 
opening.

https://doi.org/10.4097/kja.22733456

Kim et al. · Intubation in cervical immobilization

https://doi.org/10.4097/kja.22733


Table 3. Intubation-Related Complication Profiles

Variable Conventional group (n =  88) Gliding group (n =  88) P value
During intubation
 Lip injury 3 (3.4) 0 (0.0) 0.246
 Mucosal bleeding 4 (4.5) 1 (1.1) 0.368
 Teeth injury 0 0 >  0.999
 Hypoxic event* 0 0 >  0.999
After extubation at PACU
 NRS of sore throat 1.9 ±  2.0 1.8 ±  1.8 0.723
 Visible blood 5 (5.7) 4 (4.5) >  0.999
 Teeth injury 0 (0.0) 0 (0.0) >  0.999
 Dysphasia 1 (1.1) 1 (1.1) >  0.999
 Voice change 2 (2.3) 4 (4.5) 0.682
 Hypoxic event 0 0 >  0.999
Postoperatively in a ward
 Hoarseness 3 (3.4) 3 (3.4) >  0.999
 Dysphagia 3 (3.4) 1 (1.1) 0.621
 Vocal cord palsy 0 (0.0) 2 (2.3) 0.497
Values are presented as number (%) or mean ± SD. *Hypoxic event was determined when peripheral saturation fell below 90%. PACU: post-
anesthetic care unit, NRS: numeric rating scale.

nate systems of description, such as the POGO scale [15], have 
been described that require the viewer to estimate a numerical 
score; these have the advantage of better inter-rater reliability 
[15,16]. The POGO score also appears superior to the CL scale in 
comparing devices—such as videolaryngoscopes—that always 
provide grade 1 on the CL scale [17]. The findings of our study 
regarding the POGO score, CL grade, and IDS score indicated 
that the gliding technique is better than the conventional Macin-
tosh blade technique for intubation using a videolaryngoscope. 

Cervical immobilization significantly deteriorates ideal intuba-
tion conditions in emergency rooms or operating theaters [1]. It 
may preclude adequate alignment of the oral, pharyngeal, and 
tracheal axes, thus jeopardizing the visualization of the glottis 
when using a direct laryngoscopy [3]. Additionally, wearing a 
neck collar has been associated with a decreased ability to open 
the mouth [3,4] that limits the direct view that can be captured 
with a laryngoscope and consequently reduces the success rate of 
tracheal intubation [18]. In such situations, intubation using a 
flexible fiberoptic bronchoscope is a reliable approach to acquire 
a high success rate of tracheal intubation and minimize cervical 
spine movement. However, the loss of pharyngeal muscle tone 
under general anesthesia narrows the oropharyngeal space nec-
essary for the flexible fiberoptic bronchoscope to pass through 
and makes it difficult to maintain the flexible fiberoptic broncho-
scope in the midline while advancing its tip into the pharynx and 
the laryngeal inlet [19–21]. Moreover, a well-trained and experi-
enced anesthetist is required for flexible fiberoptic broncho-

scope-guided intubation. Hence, several studies have attempted 
using videolaryngoscopes for intubation of patients requiring 
cervical immobilization [22–24]. 

Macintosh blade technique is generally used for intubation us-
ing a videolaryngoscope as well as a direct laryngoscope. Howev-
er, since videolaryngoscopes use the indirect glottic view of the 
camera close to the glottis, it is considered more appropriate to 
have the blade glide gently under the epiglottis to expose the 
glottis [25]. As the camera lens of a videolaryngoscope is in the 
pharynx in any case, the alignment of the airway axes is not im-
portant for the maneuver of a flexible fiberoptic bronchoscope. It 
can easily enter the posterior aspect of the epiglottis; therefore, it 
is less affected by the anatomy of the larynx. Nevertheless, a good 
laryngeal view does not always translate to easy intubation 
[26,27]. In particular, proximal placement of a blade of the vide-
olaryngoscope results in poor glottis visualization (higher CL 
grades and lower POGO scores). This may be pointed out as a 
noticeable weakness of using videolaryngoscopy. Therefore, the 
clinical significance of our results is inevitably substantial be-
cause the technique of gliding a blade under the epiglottis similar 
to that used during the maneuver of a flexible fiberoptic bron-
choscope provided an optimal glottic view and increased ease of 
orotracheal intubation. 

Failure to perform adequate immobilization of the cervical 
spine during orotracheal intubation in patients with cervical 
spine instability or at risk of spinal cord injury can potentially 
lead to devastating neurological outcomes. A recent case report 
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described a patient with ankylosing spondylitis who experienced 
substantial cervical spine injury following videolaryngoscopy in-
tubation [28]. International guidelines recommend manual or 
mechanical cervical immobilization for trauma patients who re-
quire tracheal intubation because of the possibility of radiological 
or clinical cervical cord injury [29]. Although both manual in-
line stabilization and cervical collar are preferred techniques to 
maintain cervical spine immobility during tracheal intubation, 
the latter has been shown to limit cervical spine displacements 
more during orotracheal intubation [8,30]. Accordingly, several 
studies have simulated difficult intubation by applying a cervical 
collar to a mannequin; only a few studies have conducted the 
same investigation in a real clinical field [31–35]. We applied a 
semi-rigid neck collar to patients who actually needed cervical 
immobilization during intubation for safety and did not inten-
tionally simulate a difficult airway situation. 

There were a few limitations in our study. First, we could not 
blind the intubating anesthetists to the randomization of the vid-
eolaryngoscope. However, the POGO scores were obtained by 
two independent (blinded) investigators who were not involved 
in intubation, and the other data were also well defined and ob-
jective. Moreover, inter-rater producibility between the two in-
vestigators who assessed the POGO scores was reliable. Second, 
this study was conducted by an experienced anesthetist, and the 
results may vary when applied in other clinical situations. More-
over, the gliding intubation technique presented in our study 
may have potential risks that have not yet been fully proven; 
hence, caution is necessary when applying it in clinical practice. 
However, the McGrathTM videolaryngoscope was used according 
to the guidelines as much as possible, and the difference between 
the two groups was adequately clear. In addition, the strength of 
our findings was that our results were obtained in a real clinical 
setting. While most previous studies were conducted using man-
nequins and showed results of airway assessment in a simulated 
difficult airway situation, our study has great clinical significance 
as it sought a better orotracheal intubation method by applying it 
to actual patients. 

In conclusion, the technique of gliding a blade under the epi-
glottis improved the intubation environment compared with the 
conventional Macintosh blade technique when using the videola-
ryngoscope in patients with a semi-rigid neck collar. Moreover, 
tracheal intubation was performed in a shorter duration with 
more ease and satisfaction for the anesthetists. We expect that in-
tubation with a McGrathTM videolaryngoscope using the gliding 
blade technique will be greatly helpful in an emergency setting 
for patients with cervical spine instability who require a semi-rig-
id neck collar. 
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