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Influence of maxillofacial skeletal morphology @
on difficult laryngoscopy
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Abstract

Background Although mandibular retrognathia has been recognized as one of the predictors of difficult
laryngoscopy, its definition remains vague, with no clearly established skeletal evaluation systems. The Sassouni
classification system, used to categorize the maxillofacial morphology systematically (nine types), can be easily
performed using preoperative radiographic findings. This study aimed to investigate the relationship between difficult
laryngoscopy and Sassouni type 5, a group characterized by a small mandible and a large overbite.

Methods This retrospective study comprised patients diagnosed with jaw deformities who underwent orthognathic
surgery for malocclusion under general anesthesia at our clinic. The patients were divided into two groups: Sassouni
5and non-Sassouni 5 (types 1, 2, 3,4, 6, 7,8, and 9). Difficult laryngoscopy was evaluated by examining the degree of
difficulty in laryngeal exposure, which was defined as grades 3 and 4 based on the Cormack-Lehane (CL) classification.
Additionally, we evaluated the relationships between the Sassouni 5 group and three predictors of difficult
laryngoscopy (Mallampati classification, Wilson score, and hyomental distance [HMD]).

Results Of the 187 patients included in this study, 44 belonged to the Sassouni 5 group, and the remaining 143
belonged to the non-Sassouni 5 group. The proportion of patients with CL grade 3 or higher was significantly higher
in the Sassouni 5 group (n=9; 20.5%) than in the non-Sassouni 5 group (n=6; 4.2%). Furthermore, 10 (22.7%) patients
in the Sassouni 5 group had a Mallampati score of 3 or higher, 44 (100%) had a Wilson score of 2 or higher, and 38
(96.79%) had an HMD of less than 3 fingerbreadths. The corresponding numbers in the non-Sassouni 5 group were 8
(5.6%), 48 (33.6%), and 43 (30.1%), respectively. The incidence of difficult laryngoscopy in the Sassouni 5 group was
significantly higher than that in the non-Sassouni 5 group (p < 0.001).

Conclusions These findings indicate that the incidence of difficult laryngoscopy can be predicted using the Sassouni
classification, which can be easily analyzed using lateral cephalograms obtained routinely before corrective surgical
procedures. The Sassouni 5 group could be used as an important predictive tool in clinical practice.
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Introduction

According to the American Society of Anesthesiologists
(ASA) guidelines, difficult airway is defined as “a clini-
cal situation in which a trained anesthesiologist encoun-
ters difficulty with mask ventilation, tracheal intubation,
or both,” and is classified into four categories: difficult
mask ventilation, difficult laryngoscopy, difficult tra-
cheal intubation, and failed intubation [1]. Orthognathic
surgery is typically performed on healthy young indi-
viduals; however, it often presents challenges related to
difficult laryngoscopy due to skeletal issues. According
to the ASA Task Force, difficult laryngoscopy is defined
as a Cormack-Lehane (CL) classification of grade 3 and
4 [2]. Although mandibular retrognathia has been recog-
nized as one of the predictors of difficult laryngoscopy,
its definition remains vague, and no clear skeletal evalu-
ation has been established so far [3, 4]. Patients with jaw
deformities undergo lateral cephalometric radiography
to determine the surgical approach for orthognathic sur-
gery; simultaneously, the skeletal morphology is assessed
preoperatively and categorized into nine types using the
Sassouni classification system [5, 6]. Demonstrating a
relationship between this classification system and dif-
ficult laryngoscopy can aid in predicting the preopera-
tive outcomes using only lateral cephalometric images,
thereby simplifying and expediting the assessment pro-
cess before meeting the patient.

This study aimed to investigate the relationship
between difficult laryngoscopy and Sassouni type 5, a
group characterized by a small mandible and a large
overbite.

Materials and methods

Study design and setting

This retrospective study was approved by the Eth-
ics Committee of Nihon University School of Dentistry
(approval number: EP21D013) and conducted in accor-
dance with the principles of the Declaration of Helsinki.
The dental university hospital serves as a collaborative
hub for the Departments of Oral and Maxillofacial Sur-
gery, Dental Anesthesiology, and Orthodontics, who
work together to treat patients with jaw deformities.
General anesthesia is managed by dental anesthesiolo-
gists for all patients. Skeletal evaluations of patients with
jaw deformity are conducted by orthodontists using the
Sassouni classification during the initial consultation.

Participants

Patients diagnosed with jaw deformities at the Depart-
ment of Oral and Maxillofacial Surgery between January
2018 and December 2021 who underwent orthognathic
surgery under general anesthesia for malocclusion were
included in this study. The inclusion criteria were as fol-
lows: underwent treatment under general anesthesia,
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performed intubation and extubation in the operating
room, and underwent orthognathic surgery. Patients with
congenital skeletal abnormalities not classified by the
Sassouni system or those with significant facial asymme-
try were excluded. Furthermore, individuals with a body
mass index (BMI) exceeding 25 kg/m® were not included
in order to focus on the correlation between skeletal
assessment and difficult laryngoscopy.

The Sassouni analysis

In the Sassouni analysis, the midpoint of the region
where the basicranial (parallel to the supraorbital plane),
palatal, occlusal, and mandibular planes converged was
defined as the O point. An arc with the O-nasion as the
radius was drawn and used to evaluate malpositioning
in the maxillofacial region. In a harmonious profile, the
anterior nasal spine (ANS), incisor (IS), and pogonion
(Pog) lines align along an arc. The horizontal classifica-
tion utilized this arc and categorized maxillofacial sur-
faces with the ANS, IS, and Pog on the arc line as skeletal
class I. Skeletal class II was defined by the presence of
maxillary prognathism, mandibular retraction, or a com-
bination of both relative to the arc line. Skeletal class III
involved maxillary retraction, mandibular prognathism,
or a combination of both. Vertical classification relied on
the overbite level: 0—4 mm, average bite; >4 mm, deep
bite; and <0 mm, open bite.

By combining these horizontal and vertical classifica-
tions, the maxillofacial region was systematically clas-
sified into nine groups (Fig. 1) as follows: Sassouni 1,
skeletal class I and average bite; Sassouni 2, class I with a
deep bite; Sassouni 3, class I with an open bite; Sassouni
4, class II with an average bite; Sassouni 5, class II with a
deep bite; Sassouni 6, class II with an open bite; Sassouni
7, class III with an average bite; Sassouni 8, class III with
a deep bite; and Sassouni 9, class III with an open bite [5,
6].

Difficult laryngoscopy was evaluated by examining
the degree of difficulty in laryngeal exposure, which was
defined as grades 3 and 4 based on the CL classifica-
tion. In the current study, the number of patients with
CL grade 3 or 4 in the Sassouni 5 group was significantly
higher than in the remaining groups (Supplementary
Figure S1). Therefore, we focused on evaluating the rela-
tionship between each evaluation criterion for predicting
difficult laryngoscopy and the Sassouni 5 group. Conse-
quently, the patients were divided into two main groups:
the Sassouni 5 group and the non-Sassouni 5 group
(which included patients with the remaining eight Sas-
souni types).

Variables and potential risk factors
The ASA Practice Guidelines for the Management of a
Difficult Airway states that if a trained provider requires
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Fig. 1 The Sassouni classification

more than three attempts at intubation or if intubation
attempts last longer than 10 min, it is considered a dif-
ficult intubation [1]. However, since all intubations in this
study were performed via the nasal route, factors such
as nasal morphology, including nasal septum deviation
or nasal polyps, as well as complications like epistaxis,
could influence the assessment of a difficult intubation.
Therefore, this study focused on evaluating the difficulty
of laryngeal exposure, defined as CL grades 3 and 4 based
on the ASA Task Force.

Data on age, sex, BMI, jaw mobility, spine mobility, CL
classification, and preoperative predictors of difficult air-
ways were collected from the patients’ medical records by
one of the investigators of this study (R.S).Regarding age,
it is known that both pediatric and elderly patients are at
increased risk for difficult laryngoscopy [7, 8]. However,
due to the eligibility criteria for orthognathic surgery
based on age, no patients younger than 15 or older than
65 were included in this study.

Jaw and spine mobility were considered as potential
factors influencing the outcomes. Temporomandibular
joint evaluation and treatment are routinely performed

during the initial consultation for orthognathic surgery
planning. Jaw mobility was assessed based on the “3-3-2
rule” [9], specifically evaluating whether the patient could
achieve a mouth opening of 3 fingerbreadths or more.
Spine mobility was assessed by determining whether
patients could flex their neck to at least 90° [10]. Patients
with cervical spine disorders are not eligible for orthog-
nathic surgery at our hospital.

The preoperative predictors of difficult laryngoscopy
included the Mallampati classification [11], Wilson score
[10], and hyomental distance (HMD) [12]. The Mal-
lampati classification, used to predict difficult airways
by observing the oropharyngeal structures, classifies
patients into four categories: Class I, II, III, and IV. Gen-
erally, Class III or higher is considered indicative of a risk
for difficult laryngoscopy.

The Wilson score is an assessment method used to
predict the difficulty of laryngoscopy. It evaluates five
factors: neck movement, mandibular retrusion, mouth
opening, mandibular protrusion, and body weight. Each
factor is scored from O to 2, and the total score corre-
lates with the risk of difficult laryngoscopy. It is the most
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Patients diagnosed with jaw deformities who underwent
orthognathic surgery for occlusion recovery (N=475)

Excluded patients (N=216)
- congenital skeletal abnormalities (N=7)
- asymmetry cases (N=209)

Evalated patients (N=259)

Excluded patients (N=72)
* body mass index (BMI) > 25 kg/m? (N=72)

Evalated patients (N=187)

Fig. 2 Flow chart of the patient selection process

widely studied composite score, and a value of >2 indi-
cates a difficult laryngoscopy.

The HMD is the distance between the hyoid bone
and mentum and can be measured with the head in the
neutral position. The HMD assesses the risk of difficult
laryngoscopy when the measurement is less than 3 fin-
gerbreadths (<3 to <5.5 cm). As the measurement influ-
enced by the height and size of the body, it is performed
using the patient’s fingers.

Statistical analysis

Comparison analysis was performed using the indepen-
dent t-test for continuous variables and Chi-square or
Fisher exact test for non-continuous variables. Statisti-
cal analyses were performed using SPSS software (IBM
Corp., Armonk, NY, USA), and the level of significance
was set at p <0.05.

Results

Baseline findings

A total of 475 patients diagnosed with jaw deformities
who underwent orthognathic surgery for occlusal resto-
ration at the Department of Oral and Maxillofacial Sur-
gery were included in this study. Among them, 7 with
congenital skeletal abnormalities, 209 with significant
facial asymmetry, and 72 with a BMI of >25 kg/m* were
excluded. Finally, 187 patients (44 in the Sassouni 5 group

Table 1 Characteristics of the patients at enrollment

Total Sassouni5 Non-Sas-  p-
souni 5 value
N=187 n=44 n=143
Males, n (%) 54 (28.9%) 12(27.2%) 42 (29.4%) 0.689 *
Mean age+SD 277+814  296+741 273+£824  0.156
Mean BMI (kg m2) 2074215 205+238 208+211 0493
Jaw mobility
able 187 44 143
unable 0 0 0
Spine mobility
>90° 187 44 143
<90° 0 0 0

N, total number of patients; n, number of patients in the groups; SD, standard
deviation; BMI, body mass index. Jaw mobility: an incisor distance of 3
fingerbreadths. Data were tested by T-test and *chi square test.

and the remaining 143 in the non-Sassouni 5 group),
were included in this study (Fig. 2).

Twelve patients (27.4%) in the Sassouni 5 group and 42
patients (29.4%) in the non-Sassouni 5 group were males,
with no significant difference in gender distribution
between the two groups. Similarly, no significant differ-
ences in age or BMI were observed between the groups.

All patients in this study demonstrated a mouth open-
ing of at least 3 fingerbreadths. Furthermore, all patients
achieved a neck flexion of 90° or more (Table 1).
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Association between difficult laryngoscopy and the
Sassouni 5 group
The incidence of difficult laryngoscopy, indicated by the
number of patients with CL grade 3 or higher, was signifi-
cantly higher in the Sassouni 5 group (9/44; 20.5%) than
in the non-Sassouni 5 group (6/143; 4.2%; Table 2).
Additionally, among patients predicted to have dif-
ficult laryngoscopy based on known predictors in the
Sassouni 5 group, 10 (22.7%) had a Mallampati score of
3 or higher, 44 (100%) had a Wilson score of 2 or higher,
and 38 (96.7%) had an HMD of less than 3 fingerbreadths
(Table 3). The corresponding numbers in the non-Sas-
souni 5 group were 8 (5.6%), 48 (33.6%), and 43 (30.1%),
respectively.

Sensitivity of Sassouni 5 and other predictors of difficult
laryngoscopy

The sensitivity of the Sassouni 5 group for predicting dif-
ficult laryngoscopy was 60.0%, while the specificity was
79.7% (Table 4). Likewise, the sensitivity a Mallampati
score of >3 was 26.7%, a Wilson score of >2 was 73.3%,
and an HMD of <45 mm was 73.3%; the corresponding
specificity values were 92.9%, 52.9%, and 59.3%, respec-
tively (Table 4).

Discussion

Mandible retrognathia is one of the predictors of difficult
laryngoscopy; however, its definition remains ambigu-
ous, and evaluations based on skeletal morphology are
lacking. This study aimed to establish a preoperative risk
assessment indicator for difficult laryngoscopy using
cephalometric images (Sassouni analysis) routinely taken
during preoperative orthodontic evaluation for patients
with jaw deformities. Relationships between the nine Sas-
souni groups and CL classification were examined. The
proportion of patients with CL grade 3 or higher was
significantly higher in the Sassouni 5 group than in the
non-Sassouni 5 group. The sensitivity and specificity of
the Sassouni 5 group to difficult laryngoscopy were 60.0%
and 79.7%, respectively, with a positive predictive value
of 20.5%, second only to the Mallampati classification.
These findings suggest that patients classified as Sassouni
type 5 based on skeletal morphology are at higher risk of
difficult laryngeal exposure.

Mandibular retrognathia has been reported as a factor
associated with difficult laryngoscopy [3, 4, 10]. However,
the diagnostic criteria for mandibular retrognathia are
often broad, as seen in the Wilson score, and rely heav-
ily on the subjective judgment of the evaluator, lacking
clear and standardized criteria. While several skeletal
morphologies fall under the category of mandibular ret-
rognathia, none have been thoroughly investigated. The
Sassouni classification categorizes skeletal morphology
with precise criteria. Vertically, it defines normal overbite
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Table 2 Associations between difficult laryngoscopy and the
Sassouni 5 and non-Sassouni 5 groups based on the Cormack-
Lehane grading scale

Total Sassouni5 Non-Sassouni5 p-value
N=187  n=44 n=143
CL grade, n (%)
<3 172(92.0%) 35(79.5%) 137 (95.8%)
>3 15 (8.0%) 9 (20.5%) 6 (4.2%) <0.001

N, total number of patients; n, number of patients in the groups; CL grade,
Cormack-Lehane grading scale. Difficult laryngoscopy was defined as CL
grade > 3. Data were tested by Fisher exact test

Table 3 Associations between the predictors of difficult
laryngoscopy and the two Sassouni groups

Predictors Total Sassouni  non-Sas- p-
5 souni 5 value
N=187 n=44 n=143

Mallampati Score

<3 169 (90.4%) 34 (77.3%) 135 (94.4%)

>3 18 (9.63%) 10 (22.7%) 8 (5.59%) <0.001
Wilson score

<2 95 (50.8%) 0 95 (66.4%)

>2 92 (49.2%) 44 (100%) 48 (33.6%) <0.001
HMD

<3 81 (43.3%) 38 (96.7%) 43 (30.1%)
fingerbreadths

>3 106 (56.7%) 6 (3.3%) 100 (69.9%) <0.001

fingerbreadths

N, total number of patients; n, number of patients in the groups; HMD,
hyomental distance. Data were tested by Fisher exact test.

Table 4 The sensitivity of the Sassouni 5 group and other
predictors of difficult laryngoscopy

Sensitivity Specificity PPV NPV
Sassouni 5 60.0% 79.7% 20.5% 95.8%
Mallampati Score>3 26.7% 92.9% 222% 93.4%
Wilson Score > 2 73.3% 52.9% 12.0%  95.8%
HMD <3 finger breadths  73.3% 59.3% 13.6%  96.2%

PPV, positive predictive value; NPV, negative predictive value; HMD, hyomental
distance. Difficult laryngoscopy was defined as CL grade > 3.

as strictly between 0 and 4 mm. Horizontally, maxillary
overjet or mandibular retrognathia is classified based on
whether the Pog lies inside the arc, defined by a radius
extending from the nasion to the midpoint of four planes:
the cranial base, palatal plane, occlusal plane, and man-
dibular plane [5, 6]. In the current study, the number of
patients with CL grade 3 or 4 in the Sassouni 5 group
was significantly higher than those in the other Sassouni
groups (Supplementary Figure S1). Based on this find-
ing, we conducted a retrospective study focusing on Sas-
souni 5. Generally, the proportion of cases with CL 3 or
higher ranges between 1.5% and 8.5% [3, 13]; however, in
the current study, the Sassouni 5 group demonstrated a
significantly higher proportion at 20.5%. In contrast, the
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proportion in the non-Sassouni 5 group was 4.2%, which
aligns closely with the general reported range.

The Mallampati score is widely recognized as a useful
tool for predicting difficult laryngoscopy, with a higher
prevalence of CL grade 3 or higher in patients with a
Mallampati score of III or higher [14, 15]. Furthermore,
numerous studies have reported on the sensitivity and
specificity of this method for predicting difficult laryn-
goscopy, and reported a sensitivity of 35.0-66.7% for
a Mallampati score of III or higher and a specificity of
78.8-91.0% [16—18]. However, in the present study, the
sensitivity of this score for predicting a CL grade of >3
was lower than previously reported. This discrepancy
may be attributed to the impact of skeletal morphology
deviations, characteristic of jaw deformity patients, on
the surrounding soft tissues.

The HMD has been reported as a reliable indicator with
no significant differences based on age or sex and is often
used with other predictive tools, such as the 3-3-2 rule,
to predict difficult laryngoscopy [19, 20]. Reports suggest
that the sensitivity of HMD alone is 40%, with a speci-
ficity of 78% for difficult laryngoscopy [21]. Similarly, the
Wilson score is reported to have a sensitivity of 36% and
a specificity of 98.5% for difficult laryngoscopy [22]. In
the current study, we calculated the sensitivity and speci-
ficity of these predictors with regard to CL grade 3 or
4. The sensitivity values for both HMD and the Wilson
score were higher than those reported previously. Both
indicators include parameters evaluating mandibular ret-
rognathia, and considering that Sassouni 5 also demon-
strated high sensitivity, it is suggested that a CL grade of
3 or higher is closely related to mandibular retrognathia.

The proportion of cases with an HMD of <3 finger-
breadths or a Wilson score of >2 was higher than those
with an HMD of >3 fingerbreadths or a Wilson score of
<2. Thus, the positive predictive values of HMD and the
Wilson score were lower than those of the Mallampati
classification or Sassouni 5. These findings indicate that
Sassouni 5 can potentially serve as a preoperative risk
assessment tool for predicting difficult laryngoscopy.

In recent years, the evaluation of difficult laryngoscopy
using X-ray imaging has involved methods with three-
dimensional CT digital quantitative measurements of
anatomical structures, such as the mandible, tongue, and
airway [23]. Radiological evaluation using lateral cephalo-
metric images and CT has shown that factors such as the
tongue area measured on the osteomeatal unit CT, the
distance from the mandibular alveolar line to the hyoid
bone, and the distance from the inner margin of the man-
dible to the hyoid bone on lateral cephalometric images
are associated with difficult laryngoscopy [24]. However,
these evaluation methods are complex and time-consum-
ing. Although radiological assessments like cephalometry
provide only two-dimensional evaluations, cephalometric
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imaging, and analysis using the Sassouni classification are
routinely performed during preoperative orthodontic
planning for patients undergoing orthognathic surgery.
Incorporating the Sassouni classification into preop-
erative assessments for difficult laryngoscopy will enable
simpler and earlier prediction using only cephalometric
images, even before meeting the patient. This approach
facilitates timely preparation and appropriate interven-
tions, thereby improving clinical efficiency and safety.

The present study has several limitations. The presence
of macroglossia represents an uncontrolled confounding
factor. Congenital conditions such as the Beckwith-Wie-
demann syndrome, which presents with macroglossia,
were excluded from the study; nonetheless, the absence
of clear diagnostic criteria for macroglossia indicates that
this factor was not controlled in the included cases. Addi-
tionally, the observational study design and the small
sample size of the Sassouni 5 group present limitations.
Moreover, the large disparity in the number of patients
between the two groups might have affected the results.
The inability to adequately control confounding variables
and consider potential interactions between variables
may result in spurious associations or inaccuracies in
conclusions about the relationship between exposure and
outcome. These factors could compromise the validity of
the study’s findings.

Conclusion

In this study, we predicted the incidence of difficult laryn-
goscopy using the Sassouni classification, which can be
easily analyzed using lateral cephalograms obtained rou-
tinely before corrective surgical procedures. In particular,
patients in the Sassouni 5 group exhibited significantly
difficult laryngoscopy. Thus, incorporating the Sassouni
analysis in conjunction with established predictors of
difficult laryngoscopy can enhance the reliability of pre-
dicting the condition, thereby facilitating the preparation
of alternative instruments to laryngoscopes, enabling
strategic planning for conscious laryngoscopy, and miti-
gating potential serious complications during anesthesia
management.
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CL Cormack-Lehane
HMD  Hyomental distance
IS Incisor

Pog pogonion

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512871-025-02997-0.

[ Supplementary Material 1 J



https://doi.org/10.1186/s12871-025-02997-0
https://doi.org/10.1186/s12871-025-02997-0

Sekino et al. BMC Anesthesiology (2025) 25:147

Acknowledgements
We extend our gratitude to NAI Inc. (www.nai.co.jp) and Editage (www.
editagejp) for their assistance with English language editing.

Author contributions

RS and MH analyzed the data and drafted the manuscript. KS designed the
study and was a major contributor to writing the manuscript. MH performed
the statistical analysis and prepared the tables and figures. MN and AK
collected the data. MT revised the manuscript critically for the important
intellectual content. SO interpreted the data and edited the final manuscript.
All authors read and approved the final manuscript.

Funding
This study was supported by grants from the Dental Research Center (2020,
2021, 2022, and 2023), Nihon University School of Dentistry (Tokyo, Japan).

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Nihon University
School of Dentistry (approval number: EP21D013-1). Informed consent was
obtained from all patients for this study. This study was conducted according
to the principles of the Declaration of Helsinki.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 24 April 2024 / Accepted: 3 March 2025
Published online: 01 April 2025

References

1. Apfelbaum JL, Hagberg CA, Connis RT, Abdelmalak BB, Agarkar M, Dutton
RP, et al. 2022 American society of anesthesiologists practice guidelines for
management of the difficult airway. Anesthesiology. 2022;136(1):31-81.

2. Sotoodehnia M, Khodayar M, Jalali A, Momeni M, Safaie A, Abdollahi A.
Prediction of difficult laryngoscopy / difficult intubation cases using upper
airway ultrasound measurements in emergency department: a prospective
observational study. BMC Emerg Med. 2023;23(1):78.

3. Rocke DA, Murray WB, Rout CC, Gouws E. Relative risk analysis of factors
associated with difficult intubation in obstetric anesthesia. Anesthesiology.
1992;77(1):67-73.

4. Karm M-H, Chi SI, Kim J, Kim HJ, Seo K-S, Bahk J-H, et al. Effects of airway eval-
uation parameters on the laryngeal view grade in mandibular prognathism
and retrognathism patients. J Dent Anesth Pain Med. 2016;16(3):185-91.

5. Sassouni V. A classification of skeletal facial types. Am J Orthod.
1969;55(2):109-23.

6. SassouniV, Nanda S. Analysis of dentofacial vertical proportions. Am J
Orthod. 1964;50(1):801-23.

7. Tiberiu E, Marian W, Vadim K, Deeb Z, Lior S, Arie S, et al. Difficult laryngos-
copy: incidence and predictors in patients undergoing coronary artery

Page 7 of 7

bypass surgery versus general surgery patients. J Cardiothorac Vasc Anesth.
2003;17(3):321-4.

8. Edem Fiadjoe J, Nishisaki A, Jagannathan N, Hunyady |, Kovatsis A. Airway
management complications in children with difficult tracheal intubation
from the pediatric difficult intubation (PeDI) registry: a prospective cohort
analysis. Lancet Respir Med. 2016;4(1):37-48.

9. Mahmoodpoor A, Soleimanpour H, Nia KS, Panahi JR, Afhami M, Golzari SE,
et al. Sensitivity of palm print, modified Mallampati score and 3-3-2 rule in
prediction of difficult intubation. Int J Prev Med. 2013;4(9):1063-9.

10.  Detsky ME, Jivraj N, Adhikari NK; Friedrich JO, Pinto R, Simel DL, et al. Will this
patient be difficult to intubate?? The rational clinical examination systematic
review. JAMA. 2019;321(5):493-503.

11. Mallampati SR, Gatt SP, Gugino LD, Desai SP, Waraksa B, Freiberger D, et al. A
clinical sign to predict difficult tracheal intubation; a prospective study. Can
Anaesth Soc J. 1985;32(4):429-34.

12. Huh J, Shin H-Y, Kim S-H, Yoon T-K, Kim D-K. Diagnostic predictor of
difficult laryngoscopy: the hyomental distance ratio. Anesth Analg.
2009;108(2):544-8.

13. Frcpc DKR, FRCPCw MMC. The airway: problems and predictions in 18,500
patients. Can J Anaesth. 1994,41(5 Pt 1):372-83.

14.  Schmitt H, Buchfelder M, Radespiel-Troger M, Fahlbusch R. Difficult intuba-
tion in acromegalic patients: incidence and predictability. Anesthesiology.
2000;93(1):110-4.

15.  Ittichaikulthol W, Chanpradub S, Amnoundetchakorn S, Arayajarernwong N,
Pawaropart N, Bn WW. Modified Mallampati test and thyromental distance
as a predictor of difficult laryngoscopy in Thai patients. J Med Assoc Thai.
2010;93(1):84-9.

16. Honarmand A, Safavi MR. Prediction of difficult laryngoscopy in obstet-
ric patients scheduled for caesarean delivery. Eur J Anaesthesiol.
2008;25(9):714-20.

17. Dawood AS, Talib BZ, Sabri IS, PREDICTION OF DIFFICULT INTUBATION BY
USING UPPER LIP BITE, THYROMENTAL DISTANCE AND MALLAMPATI SCORE
IN' COMPARISON TO CORMACK AND LEHANE CLASSIFICATION SYSTEM. Wiad
Lek. 2021;74(9 pt 2):2305-14.

18.  Lundstrgm LH, Vester-Andersen M, Meller AM, Charuluxananan S, L'Hermite J,
Wetterslev J. Poor prognostic value of the modified Mallampati score: a meta-
analysis involving 177 088 patients. Br J Anaesth. 2011;107(5):659-67.

19. Gupta S, Sharma KRR, Jain D. AIRWAY ASSESSMENT: PREDICTORS OF DIF-
FICULT AIRWAY. Indian J Anaesth. 2005;49(4):257-62.

20. SelmaT, Ates Y, Cuhruk H, Tekdemir I. Should we Reevaluate the variables
for predicting the difficult airway in anesthesiology?? Anesth Analg.
2002,94(5):1340-4.

21, Glazniece-Kagane Z, Bérzin$ A, Kagans A, Grigorjevs S, Ozolina A, Mamaja B.
Prediction of the difficult laryngoscopy with ultrasound measurements of
hyomental distance. Proc Latvian Acad Sci Sect B. 2022,76(3):372-6.

22. Allahyary E, Ghaemei SR, Azemati S. Comparison of six methods for predict-
ing difficult intubation in obstetric patients. IRCMJ. 2008;10(3):197-204.

23. Kim D-H, Gwon E, Ock J, Choi J-W, Lee JH, Kim S-H, et al. Developmental
features and predicting airway failure risk in critically ill children with man-
dibular hypoplasia using 3D computational tomographic analysis. Sci Rep.
2021;11(1):9881.

24, Lee H-C, Kim M-K, Kim YH, Park H-P. Radiographic predictors of difficult laryn-
goscopy in acromegaly patients. J Neurosurg Anesthesiol. 2019;31(1):50-6.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Influence of maxillofacial skeletal morphology on difficult laryngoscopy
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and setting
	﻿Participants
	﻿The Sassouni analysis
	﻿Variables and potential risk factors
	﻿Statistical analysis

	﻿Results
	﻿Baseline findings
	﻿Association between difficult laryngoscopy and the Sassouni 5 group
	﻿Sensitivity of Sassouni 5 and other predictors of difficult laryngoscopy

	﻿Discussion
	﻿Conclusion
	﻿References


