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Background: This study aimed to investigate the relationship between pharyngeal morphology and the success 
or failure of blind nasotracheal intubation using standard lateral cephalometric radiography and to analyze the 
measurement items affecting the difficulty of blind nasotracheal intubation.
Methods: Assuming a line perpendicular to the Frankfort horizontal (FH) plane, the reference point (O) was 
selected 1 cm above the posterior-most end of the hard palate. A line passing through the reference point 
and parallel to the FH plane is defined as the X-axis, and a line passing through the reference point and 
perpendicular to the X-axis is defined as the Y-axis. The shortest length between the tip of the uvula and 
posterior pharyngeal wall (AW), shortest length between the base of the tongue and posterior pharyngeal wall 
(BW), and width of the glottis (CW) were measured. The midpoints of the lines representing each width are 
defined as points A, B, and C, and the X and Y coordinates of each point are obtained (AX, BX, CX, AY, 
BY, and CY). For each measurement, a t-test was performed to compare the tracheal intubation success and 
failure groups. A binomial logistic regression analysis was performed using clinically relevant items.
Results: The items significantly affecting the success rate of blind nasotracheal intubation included the difference 
in X coordinates at points A and C (Odds ratio, 0.714; P-value, 0.024) and the ∠ABC (Odds ratio, 1.178; 
P-value, 0.016).
Conclusion: Using binomial logistic regression analysis, we observed statistically significant differences in AX-CX 
and ∠ABC between the success group and the failure group.
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INTRODUCTION

Difficulty in intubation is often encountered in the field 
of dental and oral surgery, especially in cases with 
retrognathia and phlegmon of the oral floor [1]. To 
perform tracheal intubation safely and reliably in such 
cases, it is important to predict the difficulty of tracheal 
intubation. Commonly used evaluation methods to predict 

intubation difficulty include using indicators on the 
surface of the body. Although various indicators [2–8] 
have been considered, all have low specificity, and there 
is no clear indicator for the difficulty of tracheal 
intubation [9]. Moreover, because these methods use 
indicators on the surface of the body, it is not possible 
to evaluate the morphology of the pharynx through which 
the tracheal tube passes.
  In dentistry, cephalometric analysis using standard 
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lateral cephalometric radiography is widely used for the 
examination and diagnosis of patients with malocclusion 
and jaw deformities [10,11]. In this method, the natural 
head position is determined, a standard radiograph is 
obtained, and reference points and angles are measured 
and analyzed. On a standard lateral cephalogram, both 
hard and soft tissues, including the mandible, tongue, and 
pharynx can be visualized. Thus, this technique is also 
used to evaluate skeletal abnormalities and upper airway 
patency in patients with obstructive sleep apnea syndrome 
[8,12,13].
  Nasotracheal intubation is often used in oral and 
maxillofacial surgery. During this procedure, the 
morphology of the area from the nasal cavity to the 
larynx, centered on the pharynx, may affect the intubation 
procedure [14,15]. Hence, standard lateral cephalometric 
radiography can be used to predict the difficulty of 
tracheal intubation. Both hard and soft tissues, including 
the morphology of the pharynx, can be examined, which 
may be useful for evaluating the difficulty of blind 
nasotracheal intubation.
  Therefore, in this study, we used blind nasotracheal 
intubation, which does not require a laryngoscope, to 
observe the relationship between pharyngeal morphology 
and tracheal tube passage. Despite not being the first 
choice, blind nasal intubation can be a useful alternative 
when intubation is needed in emergency situations or in 
cases of difficult mouth opening. To the best of our 
knowledge, no studies have predicted the degree of 
difficulty of blind nasotracheal intubation using standard 
cephalometric radiography. We hypothesized that 
standard cephalometric radiographic analysis could be 
used for successful blind nasal intubation. We 
investigated the relationship between pharyngeal 
morphology and success or failure of blind nasotracheal 
intubation using standard lateral cephalometric 
radiography. The measurement items affecting the 
difficulty of blind nasotracheal intubation were examined 
using binomial logistic regression analysis.
 

METHODS

1. Subjects

  Patients scheduled to undergo orthognathic surgery 
under general anesthesia at the Tokyo Dental College 
Suidobashi Hospital were included in the study. The 
purpose and outline of this study were explained to them, 
and written informed consent was obtained. Patients with 
cervical spine disorders, limited cervical spine range of 
motion, and inflammatory diseases or neoplastic lesions 
in the maxillofacial region or neck were excluded. This 
study was approved by the ethics committee of the Tokyo 
Dental College (approval number 913). The standard 
lateral cephalograms used in this study were obtained 
within three months preoperatively for orthognathic 
surgery. Radiographs were not obtained solely for this 
study. To obtain a standard lateral cephalogram, patients 
were instructed to lightly contact their upper and lower 
teeth. This study was approved by the Tokyo Dental 
College Suidobashi Hospital IRB, and all participants 
signed an informed consent form.

2. Measurement items

  The primary endpoint of this study was to identify 
factors involved in the success of blind nasal intubation. 
The measurement items in the standard lateral 
cephalograms were as follows. Assuming a line 
perpendicular to the Frankfort horizontal (FH) plane, the 
reference point (O) was 1 cm above the posteriormost 
end of the hard palate. This point was selected because 
the nasotracheal tube was supposed to pass through this 
point and enter the pharynx. A line passing through the 
reference point and parallel to the FH plane was defined 
as the X-axis, and a line passing through the reference 
point and perpendicular to the X-axis was defined as the 
Y-axis. The shortest length between the tip of the uvula 
and posterior pharyngeal wall (AW), shortest length 
between the base of the tongue and posterior pharyngeal 
wall (BW), and width of the glottis (CW) were measured. 
Subsequently, the midpoints of the lines representing each 
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Fig. 1. Measurement items in a standard lateral cephalometric radiogram. Assuming a line perpendicular to the Frankfort horizontal plane (FH plane), 
the reference point (O) is selected 1 cm above the posteriormost end of the hard palate. A line passing through the reference point and parallel 
to the FH plane is defined as the X-axis, and a line passing through the reference point and perpendicular to the X-axis is defined as the Y-axis.
The shortest length between the tip of the uvula and the posterior pharyngeal wall (AW), the shortest length between the base of the tongue and
the posterior pharyngeal wall (BW), and the width of the glottis (CW) were measured. The midpoints of the lines representing each width are defined
as points A, B, and C, and the X and Y coordinates of each point were obtained (AX, BX, CX, AY, BY, and CY).

width were defined as points A, B, and C, and the X- 
and Y-coordinates of each point were obtained (AX, BX, 
CX, AY, BY, and CY). In addition, the difference 
between the X coordinates of points A and B (AX-BX), 
points B and C (BX-CX), points A and C (AX-CX), the 
difference between the Y coordinates of points A and B 
(AY-BY), points B and C (BY-CY), points A and C 
(AY-CY), the angle connecting points A, B, and C (∠
ABC), and the angle between the lines representing the 
FH plane and the posterior pharyngeal wall (∠D) were 
measured. The radius of the circle passing through points 
A, B, and C was also calculated. The measurement 
parameters are shown in Fig. 1.

3. Tracheal intubation

  After entering the operating room, each patient was 
placed in the horizontal supine position. The patient’s 
head position was established by stacking one to four 

pillows of 1 cm thickness to ensure that the FH plane 
was perpendicular to the operating table. Anesthesia was 
induced using propofol, remifentanil hydrochloride, and 
rocuronium bromide. After confirming that the 
train-of-four (TOF) count was 0 using a TOF-watch 
(Organon Ireland Limited, Dublin, Ireland), blind 
nasotracheal intubation was performed. Tracheal 
intubation was performed by the same dental 
anesthesiologist in every case, ensuring that there were 
no differences in the technique in each patient. In every 
case, a Portex® cuffed ivory nasal tube with an inner 
diameter of 6.5 mm for women or 7.0 mm for men was 
used. No more than three attempts to perform successful 
blind nasotracheal intubation were permitted, because 
three three attempts at intubation would result in a 
minute-long period of apnea. Devices, such as 
laryngoscopes, that could affect pharyngeal morphology 
were not used. If intubation was not possible, tracheal 
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Table 2. Comparison between the success group and the failure group

Success
Mean ± SD

Failure
Mean ± SD

P-value

A-X, mm 
A-Y, mm 
B-X, mm 
B-Y, mm 
C-X, mm 
C-Y, mm 
AW, mm 
BW, mm 
CW, mm 
∠ABC, deg 
∠D, deg 
AX-BX, mm
BX-CX, mm
AX-CX, mm
AY-BY, mm
BY-CY, mm
AY-CY, mm
Radius, mm

 -27.5 ± 4.3
 -29.2 ± 3.9
 -32.0 ± 6.0
 -46.9 ± 6.1
 -26.6 ± 9.8
 -88.5 ± 8.4 
 11.1 ± 3.7 
 11.0 ± 3.7 
 10.0 ± 2.2 
145.2 ± 8.2
 94.4 ± 6.7 
 -4.5 ± 3.1
  5.4 ± 5.9 
 -0.9 ± 7.1
-17.6 ± 5.9 
-41.6 ± 6.8 
-59.3 ± 7.7 
111.3 ± 100

-26.0 ± 5.0 
-31.0 ± 4.1 
-29.4 ± 6.6 
-48.4 ± 5.7 

 -19.7 ± 10.5
-89.4 ± 7.4 
 12.4 ± 3.4
 11.8 ± 3.6
 10.4 ± 2.2
141.7 ± 5.5
 91.0 ± 7.0
 -3.4 ± 2.8
 9.7 ± 5.0 
 -6.3 ± 6.9
-17.4 ± 5.4
-41.0 ± 6.3
-58.4 ± 7.2

 74.5 ± 19.3

0.109
0.03*
0.038*
0.204

< 0.001*
0.565
0.075
0.246
0.464
0.018*
0.016*
0.061

< 0.001*
< 0.001*

0.844
0.653
0.583
0.024*

*P < 0.05 Considered statistically significant.
AX, X coordinate of the midpoint of the shortest length between the tip of the uvula and the posterior pharyngeal wall; AY, Y coordinate of the 
midpoint of the shortest length between the tip of the uvula and the posterior pharyngeal wall; BX, X coordinate of the midpoint of the shortest 
length between the base of the tongue and the posterior pharyngeal wall; BY, Y coordinate of the midpoint of the shortest length between the
base of the tongue and the posterior pharyngeal wall; CX, X coordinate of the midpoint of the shortest length between the width of the glottis; 
CY, Y coordinate of the midpoint of the shortest length between the width of the glottis; AW, The shortest length between the tip of the uvula 
and the posterior pharyngeal wall; BW, The shortest length between the base of the tongue and the posterior pharyngeal wall; CW, The shortest 
length between the width of the glottis; ∠ABC, The angle connecting points A, B, and C; ∠D, The angle between the lines representing the FH 
plane and the posterior pharyngeal wall; AX-BX, The difference between the X coordinates of points A and B; BX-CX, The difference between the 
X coordinates of points B and C; AX-CX, The difference between the X coordinates of points A and C; AY-BY, The difference between the Y coordinates 
of points A and B; BY-CY, The difference between the Y coordinates of points B and C; AY-CY, The difference between the Y coordinates of points 
A and C.

Table 1. Patient background

Prognathism (n = 72)
Mean ± SD

Retrognathia (n = 34)
Mean ± SD

P-value

Gender, Male/Female
Age, y
Height, cm
Weight, kg
BMI, kg/m2

Success rate, %

 27 / 45
 27.3 ± 9.1
164.0 ± 7.9

  59.1 ± 10.6
 21.9 ± 3.2

55.5

 4 / 30
 29.2 ± 7.4
161.6 ± 5.4

  54.5 ± 10.2
 20.8 ± 3.2

76.4

 0.013*
0.279
0.116

 0.040*
0.106
0.063

*P < 0.05 Considered statistically significant.
BMI, body mass index; n, number; SD, standard deviation; y, years.

intubation was performed using a Macintosh or video 
laryngoscope. A capnometer (Emma, Masimo Japan, 
Denmark, Sweden) was used to confirm successful 
tracheal intubation.

4. Statistical analysis

  For each measurement item on a standard lateral 
cephalometric radiograph, a t-test was performed to 

compare the tracheal intubation success and failure 
groups. Among the measurement items with statistically 
significant differences, binomial logistic regression 
analysis was performed using items that were clinically 
significant. IBM SPSS Statistics version 27 (IBM Corp, 
Armonk, NY, USA) was used for statistical analyses. Post 
hoc power analyses were performed using G * Power 
version 3.1.9.2. The error was set at 0.05.
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Fig. 2. Relationship of points A, B and C in the success group and failure group. In the success group, points A, B and C were located more posterior
to the point O and ∠ABC was larger.

RESULTS

  A total of 106 patients with ASA physical status 1 and 
2 and aged 18 – 54 years participated in this study. None 
of the patients met the exclusion criteria during the study 
period. Intubation was successful in 66 of the 106 patients 
(success rate: 62.2%). There were 72 cases of mandibular 
prognathism and 34 of retrognathia (Table 1). Intubation 
was successful in 40 of 72 cases of mandibular 
prognathism (success rate: 55.5%) and in 26 of 34 cases 
of retrognathia (success rate: 76.4%). There was a 
statistically significant difference in the male-to-female 
ratio between the patients with mandibular prognathism 
and those with retrognathia. However, there was no 
difference in the success rate of blind nasotracheal 
intubation between males and females in either case. The 
body weight of patients with mandibular prognathism was 
greater than that of patients with retrognathia, while BMIs 

in both cases were similar. As a result, since there was 
no statistically significant difference in the success rate 
of blind nasotracheal intubation between patients with 
mandibular prognathism and those with retrognathia 
(chi-squared test, P = 0.063), the analysis was performed 
for all cases.
  Comparison between the success group and the failure 
group revealed statistically significant differences in AY 
(P = 0.030), BX (P = 0.038), CX (P < 0.001), AX-CX 
(P < 0.001), BX-CX (P < 0.001), ∠ABC (P = 0.018), 
∠D (P = 0.016), and the radius (P = 0.023) of the circle 
formed by connecting points A, B, and C (Table 2, Fig. 
2). After considering multicollinearity, we performed 
binomial logistic regression analysis with AX-CX, 
BX-CX, ∠ABC, and the diagnosis (mandibular 
prognathism or retrognathia) as independent variables. All 
these factors were considered to have a large effect on 
the clinical success or failure of blind nasotracheal 
intubation. As dummy variables, we set the diagnosis of 
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Table 3. Results of binomial logistic regression analysis

Odds ratio 95%CI P-value
Diagnosis
AX-CX, mm
BX-CX, mm
∠ABC, deg

2.253
0.714
1.438
1.178

0.742-6.842
0.534-0.956
0.948-2.182
1.031-1.346

0.152 
 0.024*

0.088
 0.016*

*P< 0.05 Considered statistically significant.
AX-CX, The difference between the X coordinates of points A and C, BX-CX, The difference between the X coordinates of points B and C; ∠ABC, 
The angle connecting points A, B, and C.

mandibular prognathism to “0” and the diagnosis of 
retrognathia to “1.” The success or failure of tracheal 
intubation was the dependent variable, with the dummy 
variable for success set as “1” and the dummy variable 
for failure set as “0.” Statistically significant differences 
were observed in AX-CX (odds ratio [OR]: 0.714, 95% 
confidence interval [CI]: 0.534 – 0.956) and ∠ABC (OR: 
1.178, 95% CI: 1.031 – 1.346) between the groups (Table 
3). 
  The results of the model chi-squared test were 
significant at P < 0.05, and the results of the 
Hosmer-Lemeshow test revealed a good fit at P = 0.370 
with 68.9% correct classifications. Post-hoc power 
analyses showed the achieved power and effect size for 
AX-CX between the success and failure groups were 
0.968 and 0.77, and those for ∠ABC were 0.698 and 
0.50, respectively.

DISCUSSION

  The results of this study revealed that the items 
significantly affecting the success rate of blind 
nasotracheal intubation included the difference in AX-CX 
and ∠ABC. However, there was no statistically 
significant difference in the success rate between the 
patients with mandibular prognathism and those with 
retrognathia. A comparison between the success and 
failure groups revealed that there were many cases in the 
success group wherein points B and C were located more 
posterior to the reference point and ∠ABC was larger. 
In cases where the pharynx and larynx were located 
posterior to the reference point, the radius of the circle 

passing through points A, B, and C increased. Hence, it 
was suggested that blind nasotracheal intubation might 
have a high success rate because a nasally inserted tube 
is believed to move toward the larynx without following 
a sharp curve. In addition, the Japanese Industrial 
Standards state that if the tracheal tube is described as 
Magill-shaped, the radius of curvature of tubes sized ≥ 

6.5 must be 140 ± 20 mm [16]. In the success group, 
the radius of the circle passing through points A, B, and 
C was close to this value.
  In this study, the body weights of patients with 
mandibular prognathism were higher than those of 
patients with retrognathia. However, as there was no 
difference in BMI between the two cases, it is suggested 
that the difference in body weight had little effect on the 
difficulty of tracheal intubation.
  Generally, tracheal intubation is more difficult in 
patients with retrognathia than in those with mandibular 
prognathism [17]. However, the results of this study 
showed that the success rate of blind nasotracheal 
intubation was slightly higher in retrognathia cases than 
in mandibular prognathism cases, although the difference 
was not statistically significant (P = 0.063). This may 
indicate that blind nasotracheal intubation may be easier 
in patients with retrognathia than in those with 
mandibular prognathism. Further investigation is required 
to explain this possibility.
  Several studies have evaluated benchmarks on the body 
surface to predict the difficulty of tracheal intubation. 
Posterior deviation of the tongue and anterior deviation 
of the larynx have been reported as the primary factors 
affecting the difficulty of laryngoscopy [18]. Another 
study reported that the presence or absence of posterior 



Lateral cephalogram for blind nasal intubation

http://www.jdapm.org  433

deviation of the tongue and the size of the tongue affected 
the difficulty of laryngeal intubation [19]. Other 
indicators that evaluate the difficulty of tracheal 
intubation, such as the upper lip bite test and maximum 
laryngeal height, have been discussed in many other 
studies [2]; however, both methods are semiquantitative 
examination methods.
  Extensive literature is present regarding the usefulness 
of ultrasonography in predicting the difficulty of tracheal 
intubation [3,6,20]. Ultrasonography is an excellent 
examination method because it can be performed easily 
and does not involve exposure to radiation. Most 
ultrasonography procedures are based on soft tissues such 
as the tongue and anterior neck. Although the size of the 
tongue and the morphology of the base of the tongue can 
be easily observed, the width of the pharynx cannot be 
evaluated. As points A, B, and C in this study can only 
be determined by adding the pharyngeal width to the 
morphology of the base of the tongue examined using 
ultrasound, it is difficult to obtain the results observed 
in this study using ultrasonography alone. In other words, 
we believe that the difficulty of blind nasotracheal 
intubation can be evaluated objectively and accurately by 
examining both the hard and soft tissues using standard 
lateral cephalometric radiography.
  Airway management in patients at risk of relatively 
difficult intubation is important for anesthesiologists, and 
they should always be prepared for emergencies. 
According to the American Society of Anesthesiologists, 
the incidence of difficult intubation in the operating room 
is 1.2 – 3.8% and the incidence of failed intubation is 
0.13 – 0.3% [2]. Currently, blind tracheal intubation is 
not the first choice in cases in which tracheal intubation 
may be difficult. However, it can be a useful alternative 
and an emergency life-saving technique in cases where 
general airway management is difficult [21]. If the 
success or failure of blind nasotracheal intubation can be 
evaluated objectively, it can be considered a useful 
intubation method not only for cases of jaw deformities 
but also for cases requiring emergent operation, such as 
phlegmon of the oral floor and inability to open the 

mouth.
  Generally, standard lateral cephalometric radiography 
is performed in the sitting position. In contrast, tracheal 
intubation was performed with the patient in the supine 
position. Since the body muscles are relaxed during 
tracheal intubation, the BW during tracheal intubation 
may be smaller than that during the preoperative period, 
and point B may move posteriorly. Therefore, it is 
considered that ∠ABC is decreased. However, the 
relationship between the positions at points A, B, and C 
was similar in both the groups. In other words, points 
A, B, and C in the success group were located behind 
those in the failure group. Therefore, the usefulness of 
preoperative standard lateral cephalometric radiography 
for predicting the difficulty of tracheal intubation cannot 
be ruled out. In addition, the positions of points A and 
C were considered minimally affected by body position 
and muscle relaxation. Thus, AX-CX, which showed a 
significant difference between the success and failure 
groups in binomial logistic regression analysis, can be 
a simple and reliable index for predicting the difficulty 
of tracheal intubation.
  The measurements were performed using standard 
lateral cephalometric radiography alone. The pharynx 
morphology might be evaluated by obtaining the 
posteroanterior image and combining it into a 
three-dimensional view. However, soft tissues, including 
the pharynx, should not be precisely evaluated because 
of the presence of the mandible in the posteroanterior 
cephalogram.
  In conclusion, we investigated the relationship between 
the morphology of the area from the nasal cavity to the 
larynx, centered on the pharynx, and the success or failure 
of blind tracheal intubation, using standard lateral 
cephalometric radiography. Binomial logistic regression 
analysis revealed statistically significant differences in 
AX-CX and ∠ABC between the success and failure 
groups.
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