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Introduction

The degree of  mobilization of  the cervical spine (CS) during oro-
tracheal intubation maneuvers (OTI) is of  great importance dur-
ing airway management in patients with pathology or instability 
of  the CS, such as in those with cervical spinal cord trauma (CT) 
or other chronic diseases [1]. A reduction in CS movement during 
OTI is beneficial for these patients because undesirable mobili-
zation can create or worsen a neurological injury [2]. Moreover, 
patients with cervical instability and acute cardiovascular or air-
way compromise may require a rapid intubation which should be 
made in the fewest attempts possible while minimizing cervical 

mobilization (CM) as much as possible [3]. Patients with other 
spinal cord diseases also benefit from a reduction in CS motion 
during direct laryngoscopy (DL), because this decreases the pos-
sibility of  nerve and vascular structure compression due to verte-
bral displacement. 

Video-laryngoscopy (VL) has been evaluated in different clinical 
context showing high success rates for OTI with [4-6] or with-
out predictors of  difficult airway [7]. VL in patients with cervical 
pathology can match or exceed the success rate of  direct laryn-
goscopy, using comparable times and possibly reducing extension 
of  the CS [8]. The difference in CS mobilization angles during 
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Abstract

Study Objective: Quantify cervical spine range of  motion during laryngoscopy via either direct laryngoscopy with a Miller blade 
or via video laryngoscopy with a CMAC system.
Design: Prospective case series
Setting: Interventional radiology suite at an academic medical center
Patients: Five adults requiring general anesthesia with tracheal intubation to facilitate interventional radiology procedures
Interventions: Fluoroscopic imaging of  cervical spine anatomy prior to induction of  general anesthesia and then during both 
direct laryngoscopy and video laryngoscopy
Measurements: Quantification of  angles between skull base and prespecified cervical vertebrae and between the first cervical 
vertebrae and lower prespecified cervical vertebrae. These groups of  measurement either do or do not account for movement of  
the atlanto-occipital joint, respectively. 
Main Results: There was a tendency toward reduced cervical extension both relative to skull base and intrinsicly within the 
cervical spine during laryngoscopy with the CMAC video laryngoscope as compared to direct laryngoscopy with a Miller blade. 
Conclusions: We describe a novel technique to quantify cervical motion during laryngoscopy. Laryngoscopy with a CMAC video 
laryngoscope may reduce cervical extension as compared to direct laryngoscopy with a Miller blade. Video laryngoscopy may 
attenuate cervical extension during laryngoscopy, an effect that can be useful in patients with cervical spine disease or instability.
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OTI via DL have not been compared to those encountered with 
the Cmac video laryngoscope (Karl Storz, Tuttlingen - Germany).
The aim of  the study is to compare the range of  motion of  the 
CS during OTI with the CMAC video laryngoscope using a D-
Blade blade against DL with a Miller blade in healthy patients 
using fluoroscopy.

Materials and Methods

The institutional ethics committee approved the study protocol. 
Five patients were included without randomization, all > 18 years 
of  age without cervical pathology and without predictors for a 
difficult airway. Patients were all previously scheduled for radio-
logic procedures distant to the CS, requiring the use of  fluoros-
copy, and requiring general anesthesia and OTI. Patients signed 
their approval form for the inclusion in the study by signing an 
informed consent.

Anesthetic Management

All patients were assessed in a pre-anesthetic consultation. They 
underwent conventional anesthesia according to hospital pro-
tocol in an interventional radiology suite. Induction of  general 
anesthesia was conducted with a combination of  propofol and 
remifentanil. Rocuronium was administered to facilitate laryngo-
scopy and OTI. Maintenance of  general anesthesia consisted of  
sevoflurane and remifentanil with additional doses of  rocuronium 
administered to maintain muscle relaxation. Basic monitoring was 
performed with electrocardiography, noninvasive blood pressure, 
pulse oxymetry, capnography, body temperature and a gas ana-
lyzer. Patients then underwent their radiologic procedure. Once 
the procedure ended, each patient was allowed to emerge from 
general anesthesia, the tracheal tube was removed when appropri-
ate, and the patient was then transferred to the post anesthetic 
care unit.

Laryngoscopy and Comparison of  Cervical Motion

For each patient, a baseline fluoroscopic image of  the lateral CS 
was obtained with the neck in the neutral position prior to induc-

tion of  general anesthesia. All images were obtained with a digital 
angiograph Philips Integris Allura Xper FD20 (Philips Medical 
Systems DMC GmbH, Hamburg, Germany). All laryngoscopies 
were conducted with the standard technique by the same trained 
anesthesiologist. Following induction of  general anesthesia and 
complete muscle relaxation, a second fluoroscopic image of  the 
lateral CS was obtained during DL with a number 2 Miller blade 
and a conventional laryngoscope with an occipital support in 
place. Finally, laryngoscopy was performed with a  CMAC video 
laryngoscope and a D-Blade without occipital support during 
which a third fluoroscopic image of  the lateral CS was obtained. 
Normal oxygenation, blood pressure, and body temperature were 
ensured throughout the whole process. At this time, the patient 
was intubed using a guide stylet and the scheduled surgical proce-
dure commenced.

Quantification of  Cervical Mobilization

Five lines were constructed and used for the measurements of  CS 
mobility as illustrated in Figure 1:

• Line 1, between the occipital base to the floor of  the "sella tur-
cica" (base of  the skull).
• Line 2, between the lower edge of  the anterior arch of  C1 to the 
lower edge of  the spinous process of  C1.
• Line 3, between the lower edge of  the vertebral body of  C2 to 
the lower edge of  spinous process of  C2.
• Line 4, between the bottom edge of  the vertebral body C3 to the 
lower edge of  the spinous process of  C3.
• Line 5, between the bottom edge of  the vertebral body of  C5 to 
the lower edge of  the spinous process of  C5. 

To quantify mobility of  the neck and cervical spine, seven angles 
were determined via intersections of  the lines defined above. The 
angle between Line 1 and Line 2: corresponded to movement at 
the occipito-atlantal joint only. The angles between Line 1 and 
either Line 3, Line 4, or Line 5 corresponded to movement at 
the occipito-atlantal joint as well as within the cervcial spine. The 
angle between Line 2 and either Line 3, Line 4, or Line 5 cor-
responded to motion only intrinsically within the cerivcal spinal 

Figure 1. Anatomic Characterization of  the Five Lines used to Assess Mobility of  the Cervical Spine during Laryngoscopy.
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vertebrae. Smaller angles indicated less extension integrated over 
the corresponding vertebral segments. 

To quantify the degree of  mobilization of  laryngeal structures, 
the minimum distance between the tip of  each laryngoscope and 
the closest point of  the most anterior portion of  the cervical 
spine was determined. 

All images and measurements were performed by neuro-radiol-
ogists.

Data Analysis

Given the small sample size, a formal statistical analysis was not 
feasible. Data are reported in summary format. In addition, each 
angle obtained during laryngoscopy was subtracted from the an-
gle determined in the neutral position for each patient. Medians 
and ranges were reported for each of  the differences in angles.

Results

Five patients participated in the study of  whom 2 were male 
(40%). Median age was 57 years, with a range from 34 years to 
74 years. 

The degrees of  angulation were measured in the cervical segments 
in the neutral head position, when viewing the glottis with direct 
laryngoscopy with Miller blade, and during video laryngoscopy 
with  CMAC with a D blade. These data are summarized in Table 
1. OTI maneuvers with both the Miller blade and the CMAC sys-
tem increased all angles compared to those obtained in the neutral 

position and occurred with respect to the skull base and intrinsi-
cally within the cervical spine. The increase in most angles were 
greater with DL than with the use fo the CMAC system. 

Each angle obtained during laryngoscopy with both Miller blade 
and CMAC device were subtracted from the corresponding angle 
obtained with the patient in the neutral position and these data 
are summarized in Table 2. There was a tendancy towanrd greater 
neck extension during DL with a Miller blade as compared to that 
obtained during VL with the CMAC system both in comparison 
to skull base and intrinsically with the cervical spine. 

In all five patients, a greater anterior displacement of  airway struc-
tures was obtained with the CMAC VL compared to the Miller la-
ryngoscope as determined by a greater distance achieved between 
the tip of  the laryngoscope and closest and most anterior portion 
of  the cerical spine as shown in Table 3.

Discussion

To our knowledge, the difference in CM during DL has not been 
previously studied with a Miller blade compared to VL  CMAC 
with D-Blade blade in healthy patients, as measured by fluor-
oscopy. Previous studies evaluated the cervical mobilization by 
fluoroscopy during laryngoscopy with Macintosh blade [9, 10]. In 
these studies the joints C1 and C2 showed the greatest range of  
motion relative to the occiput.

Our study suggested that the extension of  the CS was higher with 
DL with a Miller blade that when CMAC VL was used. This find-
ing was observed in the mobilization of  all joints evaluated from 

Table 1. Relationship of  Patients and Mobility Angles of  Cervical Mobilization Measurement Lines.

Patient
Radiologic Angles (degrees)

Procedure Blade Line 1 vs. 
Line 2

Line 1 vs. 
Line 3

Line 1 vs. 
Line 4

Line 1 vs. 
Line 5

Line 2 vs. 
Line 3

Line 2 vs. 
Line 4

Line 2 vs. 
Line 5

1
Fluoroscop-
ically-guided 

cholangioplasty

Neutral 40 43.8 55.1 73.8 3.7 15.7 35.7
Miller 43.9 49.2 57.2 78.5 3.7 12.7 32.7
CMAC 39.1 40.8 49.8 64.9 3.4 12.6 26.3

2
Embolization 
of  esophageal 

varices

Neutral 15.1 32.1 44.3 52.3 19.6 29.6 38.6
Miller 33 57.2 60.6 84.4 23.5 28.2 50.7
CMAC 23.6 57.7 56.2 81.9 35.2 33.6 55.1

3
Transjugular 

portosystemic 
shunt

Neutral 28 31.4 38 47 5.1 10.4 22.3
Miller 51.9 64.9 75.7 85.3 23.2 33.3 42.4
CMAC 33.6 52.5 61.8 74.7 18.8 27.6 40.6

4 Splenic emboli-
zation

Neutral 20.3 23.4 28.7 29.4 3.6 7.9 10.9
Miller 39.8 55.1 65.7 75.4 18 23.9 34.6
CMAC 35.2 48.6 54.3 56.8 11.9 19.1 20.5

5 Hepatic embo-
lization

Neutral 24.3 34 30.2 35.2 9.6 7 10
Miller 43 66.6 65.1 79.5 22.4 22.8 35.5
CMAC 39.4 64.1 58.5 72 24.9 19.4 33.7

Median (range)

Neutral 24.3 (15.1 
to 40)

32.1 (23.4 
to 43.8)

38 (28.7 
to 55.1)

47 (29.4 
to 73.8)

5.1 (3.6 to 
19.6)

10.4 (7 to 
29.6)

22.3 (10 to 
38.6)

Miller 43 (33 to 
51.9)

57.2 (49.2 
to 66.6)

65.1 (57.2 
to 75.7)

79.5 (75.4 
to 85.3)

22.4 (3.7 
to 23.5)

23.9 (12.7 
to 33.3)

35.5 (32.7 
to 50.7)

CMAC 35.2 (23.6 
to 39.4)

52.5 (40.8 
to 64.1)

56.2 (49.8 
to 61.8)

72 (56.8 
to 81.9)

18.8 (3.4 
to 35.2)

19.4 (12.6 
to 33.6)

33.7 (20.5 
to 55.1)
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C1 to C5 relative to the skull base, but was also intrinsically within 
the cervical spine. This shows an advantage regarding this device 
when compared to the standard method of  OTI, which is espe-
cially useful in patients with cervical pathology. A reduction in 
the range of  cervical spine motion during OTI in patient with 
cervical pathology is critical as it reduces the risk of  causing or 
worsening a spinal cord injury at that level [3]. 

In patients with CT, an OTI rapid sequence accompanied by man-
ual inline stabilization is recommended for securing the airway 
in emergency situations [11]. Manual in line stabilization reduces 
the possibility of  moving the spine during DL, but it may hinder 
laryngoscopy [12, 13]. Although manual inline stabilization can 
also be used with VL, its potential to hinder OTI is much lower 
because it does not require alignment of  the laryngeal, pharyngeal 
and oral axes [7].

The study findings support the use of  CMAC with a D-Blade 
over direct laryngoscopy in patients with cervical pathology, since 
the reduction in CM is a protective factor against the risk of  ex-
acerbating a spinal cord injury. An interesting aspect is that the 
study not only proves a reduction in CM in subjects in which 
the VL CMAC with D-Blade blade was used; the analysis of  the 
fluoroscopic images helps explain why the visualization of  glottal 
and epiglottal tissues is optimized with VL [14, 15].

Several design features improve the glottal CMAC visualization 
[16]. The blade is thinner than traditional blades (maximum 14 
mm) with a beveled edge which reduces the chance of  oral or 
dental trauma. The optical device includes a chip that produces an 
image of  320x240 pixels from a lens located in the distal third of  
the blade and creates a viewing angle of  80 degrees. It also has a 
high power light-emitting diode and an anti-fogging system [15]. 
This design magnifies the image and extends in front of  the lens 
in 60 degrees in the longitudinal direction and 80 degrees cross-
wise offering an advantage for patients with an anterior located 
larynx [17, 18].

The CMAC VL device allows the retraction of  periglotic soft tis-
sue without aligning the laryngeal, pharyngeal and oral axes as 
illustrated in Figure 2 [19], which happens with conventional la-
ryngoscopes (see Figure 3). Clinical studies have compared the 
display quality between different VL; taking into account light 
intensity, contrast between anatomical structures and view field 
[20]; finding clinical and design advantages in favor of  CMAC that 
could explain the high efficiency in patients with predictors of  a 
difficult airway [21].

The 40º curvature of  the blade D-Blade contrast with 18º of  tra-
ditional McIntosh blade [8], favoring a more anterior location of  
the tip of  the blade with an anterior displacement of  the vallecula 
[22]. This creates a distension of  the supra-glottis structures be-
low the blade, visually separating the glottis and facilitating the 
differentiation, increasing the success rate. This is illustrated en 
Figure 3.

We were also able to demonstrate that, despite less cervical spine 
extension, laryngoscopy with the CMAC VL was able to pro-
vide great anterior displacement of  the anterior supralaryngeal 
structures and a wider field of  view than DL with a Miller blade. 
Specifically, in each case, there was a largely distance between the 
CS and the tip of  the laryngoscope. See the Figures 2 and 3 to 
compare.

The main limitation of  this study is its small sample value. This 
pilot study may be complemented by a study of  greater size and 
statistical power. Our institution underwent a practice change that 
limited recruitment of  more patients for this series. The Miller 
straight blade was used in this work as comparative to Cmac. This 
decision was based on the fact that in our hospital the DL Miller 
blade is used routinely. Previous studies have shown that differ-
ences in CM valued by fluoroscopy were comparable during a DL 
with Miller, Macintosh or McCoy blades [23]. We believe that our 
results can be extrapolated to the use of  Macintosh blades. Fi-
nally, the lack of  monitoring of  the laryngoscopy technician may 
generate observer bias, and a tendency to overestimation of  the 

Table 2. Difference in the Angles of  Measurement of  Cervical Mobilization between Direct Laryngoscopy and Video laryn-
goscopy with CMAC.

Angle (degrees)

Difference Line 1 vs. 
Line 2

Line 1 vs 
Line 3

Line 1 vs. 
Line 4

Line 1 vs. 
Line 5

Line 2 vs. 
Line 3

Line 2 vs. 
Line 4

Line 2 vs. 
Line 5

Miller - Neutral 18.7 (3.9 
to 23.9)

31.7 (5.4 
to 33.5)

34.9 (2.1 
to 37.7)

38.3 (4.7 
to 46)

12.8 (0 to 
18.1)

15.8 (-3 
to 22.9)

20.1 (-3 
to 25.5)

CMAC - Neutral 8.5 (-0.9 
to 15.1)

25.2 (-3 
to 30.1)

23.8 (-5.3 
to 28.3)

27.7 (-8.9 
to 36.8)

13.7 (-0.3 
to 15.6)

11.2 (-3.1 
to 17.2)

16.5 (-9.4 
to 23.7)

Table 3. Distance between Laryngoscope Tip and Closest Point of  Anterior Cervical Spine during Laryngoscopy with Ei-
ther Miller Laryngoscope or CMAC Video Laryngoscope.

Patient Miller Laryngoscope CMAC Videolaryngoscope
1 43.0 mm 66.0 mm
2 40.4 mm 61.7 mm
3 54.0 mm 67.0 mm
4 54.0 mm 64.7 mm
5 62.0 mm 69.3 mm
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beneficial effect of  video laryngoscope.

Conclusions

With the use of  fluoroscopy, we were able to demonstrate that 
laryngoscopy with a CMAC VL provided a wider separation of  
anterior airway structures and the cerivcal spine despite less in-
trinsic and extrinsic CS motion during laryngoscopy compared 
to laryngoscopy with a Miller laryngoscope. This, in patients with 
known or presumed cervical spine injuries, the use of  the  CMAC 
VL can limit CM during airway management without sacrificing 
airway structure displacement during laryngoscopy.
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