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INTRODUCTION

Endotracheal intubation is associated with significant movement of cervical spine.[24] In 
patients with unstable cervical spine, it is assumed that the movements of subaxial spine during 

ABSTRACT
Background: Manipulation during endotracheal intubation in patients with craniovertebral junction (CVJ) 
anomalies may cause neurological deterioration due to underlying instability. Fiberoptic-bronchoscopy (FOB) is 
better than video laryngoscope (VL) for minimizing cervical spine movement during intubation. However, evidence 
suggesting superiority of FOB in patients with CVJ instability is lacking. We prospectively compared dynamic 
movements of the upper cervical spine during intubation using FOB with VL in patients with CVJ anomalies.

Methods: A prospective, randomized, and clinical trial was conducted in 62 patients of American Society of 
Anaesthesiologist Grade I-II aged between 12 and 65 years with CVJ anomalies. Patients were randomized for 
intubation under general anesthesia with either VL or FOB. e intubation process was done with application of 
skeletal traction and recorded cinefluroscopically. e dynamic interrelationship of bony landmarks (horizontal, 
vertical, and diagonal distances between fixed points on posterior C1 and C2) was analyzed to indirectly calculate 
alteration of the upper cervical spinal canal diameter (at CVJ). Atlanto-dental interval (ADI) was calculated 
wherever possible.

Results: e alteration in canal diameter (using bony landmarks) at CVJ during intubation was not significant with 
the use of either VL or FOB (P > 0.05). In 41 patients, where ADI could be measured, ADI was reduced (increased 
spinal canal diameter) in a greater number of patients in VL group when compared to FOB group (P < 0.05).

Conclusion: Using rigid skull traction, intubation under general anesthesia with VL offers similar advantage as FOB 
in terms of the spinal kinematics in patients with CVJ anomalies/instability. Nevertheless, greater number of patients 
intubated with VL may have an advantage of increased cervical spinal canal diameter when compared to FOB.

Keywords: Atlanto-axial dislocation, Cervical spine movement, Craniovertebral junction, Fiberoptic 
bronchoscopy, Video laryngoscopy
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intubation are likely to destabilize the spine leading to 
compromise cervical spinal canal diameter.[1] is has 
potential for neurological worsening. Intubation using 
fiberoptic-bronchoscopy (FOB) may be beneficial in patients 
with subaxial spinal instability as it causes minimal neck 
movement.[29] However, the dynamics at craniovertebral 
junction (CVJ) in patients with its instability are different 
from those with subaxial spinal instability. e atlanto-dental 
interval (ADI) reduces with extension of head in patients 
with atlanto-axial dislocation (AAD).[7] us, the manoeuver 
of extension of head and upper cervical spine improves 
canal diameter at the CVJ and decreases cervico-medullary 
compression.[6,14,22] Although soft-tissue may compromise 
the canal diameter on movement of subaxial spine, its effect 
at the level of CVJ is less known. Furthermore, it is currently 
not possible to measure the dynamic changes in soft-tissue 
dimensions during intubation. Nevertheless, bony canal at 
CVJ at end of surgery for its instability corresponds well 
with the actual diameter available for cord on postoperative 
magnetic resonance imaging. From the previous studies, it was 
evident that the primary movement with video laryngoscope 
(VL) is extension at the upper cervical spine. is eventually 
led to the hypothesis that extension of the upper cervical 
spine during intubation with VL would be better than FOB in 
terms of improvement in diameter of cervical spinal canal in 
patients with CVJ anomalies and instability.

e objective of our prospective randomized clinical study 
was to record and to analyze the dynamic interrelationship 
of bony landmarks of the upper cervical spine at CVJ (using 
novel indices) during intubation with FOB and compare it 
with intubation with VL in patients with CVJ instability on 
rigid skull traction. Comparison of the groups for difference 
in the horizontal distance between two bony landmarks was 
the primary outcome measure of the study. e differences 
in the change of vertical distance, diagonal distance, and ADI 
between the groups were the secondary outcomes of the study.

MATERIALS AND METHODS

e study is a prospective randomized control trial conducted 
from January 2017 to June 2018. After obtaining approval from 
the institution ethics committee, the trial was registered with 
the Clinical Trial Registry of India (CTRI/2017/08/009433). 
Written informed consent was obtained from all the 
participants. e patients aged 12–65 years of either gender 
belonging to American Society of Anaesthesiologist Physical 
Status (ASA PS) 1 and 2 were enrolled in the study. e 
patients who were scheduled for posterior C1-C2 reduction 
and fusion for CVJ anomalies AAD under general anesthesia 
were included in the study. Patients with anticipated difficult 
intubation, need for emergency intubation, patients at 
increased risk of pulmonary aspiration and those requiring 
more than three attempts for intubation were excluded 

from the study. A computer-generated random number 
table achieved group allocation of patients to either one of 
the intubation modalities. Before induction of anesthesia, a 
sealed opaque envelope containing a computer-generated 
random assignment was opened, assigning patients to either 
Macintosh VL (VBM, India) or FOB (Pentax, Japan) guided 
intubation.

Anesthesia protocol

e patient’s epidemiological and anthropometric data were 
recorded. As an institutional protocol, the rigid skull traction 
was applied 1 day before surgery under local anesthesia. On 
the day of the surgery, the patient was placed on a radiolucent, 
rigid table with skull traction equivalent to one seventh of 
the body weight using Crutchfield tongs in neutral position. 
All patients were subjected to Standard ASA monitoring 
protocols. e intubation was carried out in both the groups 
under general anesthesia. Anesthesia was induced with 
intravenous fentanyl 2 mcg/kg, propofol 2 mg/kg, vecuronium 
0.1 mg/kg, and maintained with propofol 100–200 mcg/kg till 
the completion of intubation sequence.

Intubation protocol

After induction of anesthesia and achievement of adequate 
neuromuscular blockade (TOF count 0), sleep FOB was 
conducted in patients randomized to the FOB group. We 
used a bite block in all the cases of FOB group so as to 
facilitate the introduction of FOB. Ancillary measures 
to open the airway such as jaw thrust was used in a case to 
case basis to facilitate adequate visualization of the vocal 
cords and a record of use of jaw thrust was maintained. e 
FOB was advanced through the vocal cords till carina and 
subsequently an appropriately sized PVC endotracheal tube 
were placed at the correct position. In patients randomized 
to VL group, laryngoscopy was performed till vocal cords 
were visualized and an appropriate sized PVC endotracheal 
tube was placed in the trachea.

Fluoroscopy was performed from the time of insertion of VL 
as well as FOB until its removal, taking care to exert minimal 
force necessary to achieve intubation. All intubations were 
performed by anesthesiologists (SA and HB) proficient in the 
use of both the devices (more than 50 intubations with each 
device). ree attempts were permitted for each technique. 
An attempt was aborted when the patient desaturated below 
92%. In between two attempts, the patient’s lungs were 
ventilated. e frames which recorded the greatest range of 
motion were used for final analysis.

Cinefluoroscopy protocol

Cinefluoroscopy was performed with the c-spine in the neutral 
position, the occiput and shoulders resting directly on the firm 



Figure  1: Dynamic flexion extension lateral radiograph of cervical 
spine with calculation of vertical, horizontal, and diagonal 
distance. P1-infero-posterior point on posterior arch of atlas, 
P2-supero-anterior point at axis spinolaminar junction. M-A line 
perpendicular to axial plane along C1 passing through point P1, 
N – a second-line passing through point P2 parallel to the M (first line).
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horizontal surface of the table. e head was kept in the anatomical 
position with the skeletal traction. e cinefluoroscopy was 
adjusted to include the base of the cranium (C0) and the second 
cervical vertebra (C2) in the lateral view. Once the positioning 
was deemed appropriate, the table and the fluoroscopy camera 
were kept static. Radiation protective device was placed from 
shoulder to knee to protect patient from radiation and only neck 
portion was exposed to minimize radiation. O-C1-C2 dynamics 
were recorded with continuous fluoroscopy (Philips, Allura 
Xper FD20/10; Philips Medical Systems, the Netherland) during 
laryngoscopy and intubation with either VL or FOB. e patients 
or their relatives were informed regarding the radiation exposure 
during surgery. However, they were clearly explained as to the 
additional radiation they would be exposure to if they chose to 
participate in the study.

e imaging for intubation was divided into four stages for 
comparison between the two techniques. e first stage was 
the “baseline,” a neutral image of the c-spine immediately 
before the introduction of the intubating device into the 
oropharynx. e second stage was “introduction,” which 
included the insertion of the intubating device until the 
visualization of the glottic aperture in the VL group and 
the carina in the FOB group. e third stage, “intubation” 
recorded the endotracheal tube placement in the trachea. 
e fourth stage, “removal” recorded the withdrawal of the 
intubating device from the patient.

e previous studies measuring the cervical spine kinetics 
vis a vis various intubation modality have mostly measured 
the angles between the cervical vertebra and presented their 
findings accordingly. In the realm of cervical spine kinetics 
during intubation, it is pertinent to note that very few studies 
have been done in patients with diseased cervical spine.

Acquisition and analysis of radiologic data

Digital cinefluroscopic recordings of intubation were analyzed 
offline using software “Horos.” Film for all the stages of 
intubation was systematically reviewed frame-by-frame and 
compared with “baseline reference image,” to determine 
maximum vertical as well as horizontal motion between C1 and 
C2. e frame capturing maximum cervical spine movement 
was used for analysis. e determination of the motion between 
C1 and C2 was impeded by the fact that due to the anomaly in 
CV junction, the C1 arch and dens were not clearly delineated 
on fluoroscopy due to its invagination, hence making it nearly 
impossible to measure ADI. e anatomical landmarks 
which could be appreciated in all patients were the inferior-
posterior point of C1 post arch along spinolaminar junction 
(P1) and superior-anterior point at C2 spinolaminar junction 
(P2) [Figure  1: Dynamic flexion extension lateral radiograph 
of cervical spine]. ese points were seen irrespective of the 
assimilation of arch of C1 which is commonly observed in 
patients with CVJ anomalies. Horizontal (H), vertical (V), and 

diagonal (D) distances between (P1) and (P2) were measured 
in each stage of intubation and compared. In patients, where 
dens-C2 junction was clearly seen, we also measured ADI. 
[Figure  1] is a dynamic flexion extension lateral radiograph 
of cervical spine and shows all the above indices. In subjects 
with BI and/or assimilated arch of atlas, measurement of 
posterior dens interval was difficult. With above described 
indices, reduction in the H, V, and D distance between P1 
and P2 was used as an indirect evidence of increase in canal 
diameter. Similarly increase in distances H, V, and D suggests 
reduction in the canal diameter. Since the alteration of distance 
H was maximum during upper cervical spine movement in the 
pilot study, its variability was chosen as the primary outcome 
measure of the study. We calculated mean distance H, distance 
V, distance D, and ADI at maximal movement during intubation 
and compared them with the reference image. Absolute change 
in distance with respect to each parameter (increase, decrease, 
and no change from the baseline) was calculated.

Statistical analysis

e sample size of our prospective study was based on the pilot 
study conducted in ten patients. Taking the difference in means 
of H distance between two groups as 1.09 (1.20 in FOB group and 
0.11 in VL group), with a standard deviation of 1.47 and a power 
of study of 80% and a confidence interval of 95% the sample 
size estimated was 29 subjects per group. We decided to have 
31 subjects per group after accounting for possible attrition. Data 
analysis was performed with the aid of Statistical Package for the 
Social Sciences (SPSS) software (version 22, SPSS, Chicago, IL). 
Continuous data were presented as mean and standard deviation 
or median and interquartile range. e normality of data was 
tested with the Kolmogorov–Smirnov tests. For normally 
distributed data, t-test was carried out for statistical analysis of 
two groups. Group comparisons of values of skewed data were 
made with the Mann–Whitney test for two groups (Gender). 



Figure 2: Consort flow diagram.
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Categorical variables were reported as counts and percentages. 
Group comparisons were made with the Chi-square test or 
Fisher’s exact test. Statistical significance was defined at P < 0.05.

RESULTS

Sixty-two patients were enrolled for the study and the data were 
analyzed for 58 patients [Figure 2: Consort flow diagram]. e 
demographic data and airway characteristics are described in 
Table 1. e underlying spinal pathology along with severity 

of dislocation is represented in Table 2. We calculated mean 
distance H, distance V, distance D, and ADI (whenever 
possible) at maximal movement during intubation and 
compared them with the baseline reference image. Further, 
the changes in distance with respect to the increase, decrease, 
and no change from the baseline were compared among the 
two groups [Figure 3: Dynamic lateral radiograph of cervical 
spine in neutral position compared with fiberoptic intubation 
and VL. ADI was visualized and measured in 14 patients in 
FOB group and in 27 patients in VL group.

Table 1: Patient characteristics (n=58).

Parameter Value P-value

FOB (n=29) VL (n=29)

Age (years) 33.9±16.9 33.4±16.2 0.10
Weight (kg) 53.8±13.1 53.8±13.6 1.00
Sex (M/F) (n) 20/9 19/10 0.42
GCS 15 15 1.0
ASA (I/II) (n) 29/0 27/2
Systemic illness (n) 0 2
H/O snoring 0 0
Presence of beard 0 0
MMP class (I/II) 21/8 24/5
Mouth opening (>/< 3 fingers) 29/0 29/0
Neck circumference (cm) 29.4±2.2 29.3±1.9 0.75
yromental distance (cm) 6.8±0.2 6.8±0.2 0.59
yrosternal distance (cm) 6.7±0.2 6.8±0.2 0.33
e values are mean±SD or numbers



Figure  4: Schematic diagram showing atlanto-axial instability. A 
(2-Dimention) and B (3-Dimension) show dislocation on flexion. 
C (2- Dimension) and D (3-Dimention) shows that the dislocation 
does not reduce on extension. However, the canal diameter does 
increase on extension. On extension the C1 lateral mass levers on 
the C2 lateral mass bringing the dens down. Note the reduction 
in vertical, horizontal and diagonal distance between C1 posterior 
arch and C2 spino-laminar junction on extension.
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ere was no difference between the two groups with 
respect to change of distances H, V, D, and ADI at maximum 
movement during intubation from baseline (P > 0.05) 
[Figure 4]. Similarly, the variation in the H, V, and D distances 
(increase/decrease/no change) was not significantly different 
between the two groups (P > 0.05) [Figure 5]. ADI increased 
by mean of 0.4 mm in 9 (64%) patients in FOB group and 
0.7 mm in 5 (19%) patients in VL group. On the other hand, 
ADI decreased by mean of 1.1 mm in 5 (36%) patients in 
FOB group and 1.2 mm in 20 (74%) patients in VL group. 

e incidence of change in ADI between two groups was 
found to be statistically significant (P = 0.017) [Figure 5]. Of 
the patients in whom ADI was visualized, out of 29 patients 
in FOB group, 20 required application of jaw thrust.

DISCUSSION

Tracheal intubation in patients with AAD can be associated 
with neurological deterioration.[4,9,16,18,19,30] ere are studies 
which demonstrate that movement at the upper cervical 
spine (O-C1-C2) to be maximum with direct laryngoscopy 
as compared to VL[12,15,26,28] and few studies which showed 
no difference in movement.[11,20] e evidence that FOB is a 
standard technique for intubation in the patients with CVJ 
anomalies is limited.[23] Furthermore, an awake FOB is not 
possible in all scenarios and has its own limitations.[10,25] 
Studies comparing FOB and VL to determine the degree 
of cervical spine movement in different cervical segments 
have demonstrated increased movement with VL.[3,29] As 
of now, there is a lack of human data to demonstrate the 
effect of intubation techniques on the spinal canal diameter 
in patients with CVJ anomalies. Ours is the first study 
comparing cervical spine kinetics with the use of VL and 
flexible bronchoscopy-assisted intubations under general 
anesthesia in patients with CVJ anomalies using indices 
representing cervical spinal canal diameter.

Corroboration of data and its interpretation

We observed no significant changes in the mean H, V, and 
D distances between posterior elements of C1-C2 and ADI 
during intubation with FOB or VL. However, the number of 
patients who had reduction of ADI using VL was significantly 

Table 2: Description of pathology and severity of dislocation.

Pathology VL n=29 FOB n=29

Dislocations with congenital CVJ anomalies
Reducible anterior AAD 17 19
Irreducible anterior AAD 3 1
Vertical AAD with BI 3 1
Posterior AAD 0 2
AAD with ACM and  SYRINX 1 4

Traumatic dislocations
AAD with C spine fracture 3 1
Traumatic AAD (ligamentous injury) 2 1
Complex/severe dislocations* 18 21

Values are number of patients; *oblique C1-2 joints, ADI >8 mm, 
dislocations in various planes

Figure  3: Dynamic lateral radiograph of cervical spine with 
calculation of vertical, horizontal, and diagonal distances. (a and b) 
calculation of vertical, horizontal, and diagonal distances in neutral 
position. (c) Calculation of vertical, H, and diagonal distances 
during FOB and (d) calculation of vertical, H, and diagonal 
distances during VL.
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Figure 5: Incidence of change in measured indices. e values are numbers of patients. *P < 0.05; #n=14 for FOB and n=27 for VL.
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more than those intubated using FOB. e observations of 
our study suggest that a decrease in ADI represents more 
potential space being available for the spinal cord. It can 
be inferred that there is no increase in cord compression 
during FOB or VL at CVJ. A possible explanation for the 
observed similarity in the two intubation techniques could 
be the presence of skeletal traction during the procedure. 
Cervical spine stabilization maneuvers such as traction and 
cervical collars are routinely used to prevent further insult to 
cervical cord.[31] Doing this study by elimination of skeletal 
traction would have meant exposing the patient to risks of 
unnecessary neurological perturbations and would have 
been grossly unethical and unsafe for the patients.

From previous studies, it was evident that the primary 
movement at the cervical spine during laryngoscopy is 
extension occurring at O-C1-C2 complex.[20,24] e study 
done by Robitaille et al. demonstrated majority of the 
extension to be occurring at the atlanto-occipital junction 
during intubation.[20] It has been observed in patients with 
AAD that extension at CVJ is likely to increase upper cervical 
canal diameter and reduce cord compression.[27] In our study, 
the movement at O-C1-C2 complex during VL actually 
reduced AAD by decreasing ADI. In a way, these results at 
least in patients with CVJ anomalies debunked the belief 
that under general anesthesia, FOB produced more desirable 
craniocervical kinetics in comparison to VL.

Amongst patients in the FOB group 20 patients required 
the application of jaw thrust to facilitate better glottis 
visualization. It is possible, the application of jaw thrust 
caused movements at CVJ in this group of patients. ese 
results were similar to the previous studies who demonstrated 
that pre-intubation maneuvers such as chin lift and jaw thrust 
resulted in cervical motion similar to some of the intubation 
techniques.[2,29] Two patients in the FOB group could not be 
intubated in first attempt and were accomplished during 
second attempt.

Motor power was noted in preoperative period and 
compared postoperatively at 6-h. In VL group, motor power 
was comparable preoperatively and at 6-h postoperatively. In 
FOB group, only one patient had reduction in motor power 
from 5/5 in preoperative period to 4/5 in the left upper and 
lower limb in postoperative period. In this patient, the deficit 
was attributed to intraoperative surgical manipulations.

Challenges in measurement of canal space at CVJ and 
need for newer indices

CVJ is an extremely mobile segment and houses vital 
neurological structures. e AAD may occur in more than 
one plane, anteror-posterior, vertical, as well as in the lateral 
plane.[21] ADI measures the anteroposterior dislocation on 
a plain lateral radiograph. Normal cutoff value for ADI is 
5 mm for children and 3 mm for adult.  [5,8,17] e violation 
of foramen magnum by dens suggests vertical displacement 
of dens and can be measured on a good lateral radiograph. 
ese traditional indices require good visualization of 
anterior arch of atlas and junction of odontoid with the 
body of C2. However, due to the common occurrence 
of congenital anomaly in these patients, the atlas is 
assimilated, and the mastoid shadow usually obscures 
the anterior arch of atlas as well as the dens and dens-C2 
junction on a plain radiograph. is makes it impossible to 
quantify any movement at CVJ in these patients on lateral 
fluoroscopy [Figure 6, Mastoid overlapping sketch]. Despite 
these anomalies the posterior arch of atlas and axis are 
always visible on radiograph. Because of this radiological 
certainty, we have taken posterior arch of atlas and spino-
laminar junction of axis as the bony landmarks to indirectly 
measure the upper spinal canal diameter. A decrease in H, V, 
and D distances denote a possible opening of cervical spinal 
canal and consequent increase in spinal canal diameter 
which is beneficial for patients with AAD [Figure  7, CVJ 
flexion extension sketch]. We describe a new method to 
“indirectly” calculate spinal canal diameter. e method has 



Figure 7: (CVJ flexion extension sketch): Schematic diagram showing 
atlanto-axial instability. (a - 2 dimensional) and (b - 3 dimensional) 
Dislocation on flexion. (c - 2 dimensional) and (d - 3 dimensional) 
shows that the dislocation does not reduce on extension. However, the 
canal diameter does increase on extension. On extension the C1 lateral 
mass levers on the C2 lateral mass bringing the dens down. Note the 
reduction in vertical, H, and diagonal distance between C1 posterior 
arch and C2 spino-laminar junction on extension.
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been derived from the previous procedures to reduce AAD 
by fixing the posterior arch of atlas (or occipital squama 
in case of its assimilation) to the C2 lamina and spinous 
process.[13]

Limitations

e major limitation of this study is that all the patients 
underwent intubation under general anesthesia. e 
protocol did not have a study arm evaluating the awake 
fiberoptic intubation. Consequently, the significance of an 
awake fiberoptic intubation on the CVJ kinematics could 
not be determined in this group of patients. Because of 
limitation of availability, intraoperative neuromonitoring 
could not be performed during the intubation in both 
groups. e dimensions measured in our study were 

those related to the upper cervical bony canal. ere is a 
possibility of soft-tissue bulging into the spinal canal during 
intubation. It was not possible to measure the effect of 
soft-tissue while intubation. We have measured distances 
between the bony landmarks and extrapolated these 
distances to cervical spinal canal diameter. Measurement 
of cervical spinal canal could have been possible with the 
computed tomography (CT) imaging which was not feasible 
due to ethical and logistic issues. Application of jaw thrust 
was required in 20 cases of FOB group which contributed 
to significant movement. Finally, measurement of ADI was 
possible in only 14 out of 29 patients in FOB group and 27 
out of 29 patients in VL group. In rest of the cases, ADI 
could not be assessed due to occipitalization of anterior 
arch of atlas and mastoid overlap.

CONCLUSION

e study evaluated the craniocervical kinetics during 
intubation in patients with CVJ anomalies in the presence 
of rigid skeletal traction. e results demonstrate that use 
of VL and FOB for intubation in the presence of cervical 
spine is comparable in terms of CVJ dynamics. An in-depth 
perusal of results on the basis of ADI may be advantageous in 
terms of greater widening of cervical spine diameter during 
intubation with VL when compared to FOB at CVJ.

Declaration of patient consent

e authors certify that they have obtained all appropriate 
patient consent.
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Figure  6: (Mastoid overlapping sketch): Schematic diagram 
comparing C1-2 dislocation/basilar invagination in normal C1 to 
assimilated C1. (a and b) Well formed C1 and C2 with anterior-
posterior dislocation. (c and d) Well formed C1 and C2 with 
anterior-posterior dislocation and basilar invagination (vertical 
dislocation). (e and f) Assimilated arch of atlas with anterior-
posterior dislocation and basilar invagination. Note the mastoid 
obscures both the anterior arch and the dens in cases with 
assimilation on the lateral view. erefore, ADI as well as PDI 
cannot be measured in such cases. e indices described here VH, 
HH, and DH can be measured in such cases.
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