RESEARCH ARTICLE

Online ahead-of-print. Page numbers NOT for citation purposes.

DOI: 10.62838/jccm-2026-0054

Ultrasound-measured tongue thickness:
a marker of difficult mask ventilation,
prospective observational study

Seetepalli Venkata Naga Sai Krishna, Rama Rani Krishna Bhat*, Sushma Thimmaiah
Kanakalakshmi, Laxmi Shenoy, Malavika Kulkarni, Aparna Satish
Department of Anaesthesiology, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, India

ABSTRACT

Background: Unanticipated difficult airways pose major issues for anesthesiologists every time they encounter them.
Mask ventilation is a basic skill that can help in any emergency scenario. Our primary goal was to verify the role of
upper airway ultrasound, mainly tongue thickness, as a parameter for predicting difficult mask ventilation.

Methods: We conducted a prospective observational study involving 125 patients scheduled for elective surgical pro-
cedures requiring general anesthesia and endotracheal intubation. Preoperative clinical assessment and ultrasound
assessment of tongue thickness in the submental mid-sagittal plane were performed to predict a difficult airway.
We compared the parameters associated with difficulties encountered during airway management, including mask
ventilation and intubation.

Results: The thickness of the base of the tongue was greater than 4.06 cm, confirming difficulty in mask ventilation,
and the thickness of the body of the tongue was greater than 5.36 cm, confirming difficulty in intubation. Ultrasound
plays a major supporting role in assessing difficulties.

Conclusions: Preoperative ultrasound airway assessment provides valuable insights into airway management. This
can be incorporated into routine clinical practice alongside standard clinical assessment to minimize adverse events

associated with airway management.

Keywords: Airway management, ultrasonography, mask ventilation, tongue thickness

Received: 26 may 2026 / Accepted: 24 september 2026

Published under CC BY 4.0 license

B INTRODUCTION

Airway management is a crucial step in the safe prac-
tice of anesthesia. Airway, if not effectively managed,
may lead to a spectrum of adverse outcomes ranging
from hypoxemia to severe neurological sequelae and
even death[1]. The estimated incidence of significant
complications during anesthesia linked to airway man-
agement is approximately 46 events per million anes-
thetics administered, with a fatality rate of 5.6 per mil-
lion[1]. Such statistics underscore the need for robust,
proactive strategies to identify and manage patients at
risk of encountering difficult airway scenarios. A dif-
ficult airway is a clinical situation in which difficulty or
failure, including face mask ventilation, laryngoscopy,
supraglottic airway ventilation, tracheal intubation, or
extubation, is experienced by a physician trained in
anesthesia care. Difficult mask ventilation (DMV) is
characterized by the inability to provide adequate ven-
tilation because of one or more of the following prob-
lems: inadequate mask seal, excessive gas leakage, and
excessive resistance to the ingress or egress of gas by

a trained anesthesia provider[2]. Difficult tracheal in-
tubation (DI) is defined as the requirement for multi-
ple laryngoscopy attempts or alternative techniques to
achieve successful endotracheal intubation[2]. A com-
prehensive approach to avoid this situation is to assess
the airway preoperatively. Many traditional clinical as-
sessments for predicting difficult airways, including the
Mallampati score, thyromental distance, inter-incisor
gap, and neck mobility, are used [3]. However, these
traditional clinical methods frequently demonstrate
significant limitations in accurately predicting diffi-
cult airways [4,5]. This evidence indicates the need for
more dependable and objective assessment techniques.
Consequently, ultrasound assessment is emerging as
a reliable, noninvasive, and objective methodology in
clinical settings. Although numerous studies have ex-
amined the utility of ultrasound in airway assessment,
significant gaps in our current understanding remain
[3,6,7].Many studies are limited by small sample sizes,
which restricts how their findings can be generalized
to broader populations[8,9]. Some studies have focused
primarily on anterior neck soft tissues, whereas the
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available literature on the thickness of the tongue and
its role in predicting airway difficulties remains sparse
[10,11]. Most existing research has focused primarily
on difficult intubations [12] and has given less atten-
tion to difficult mask ventilation [13,14]. Our study
aims to address these gaps and define tongue thickness
as a difficult airway parameter in routine standard-of-
care practice to improve diagnostic accuracy.

B METHODS

This single-center, prospective, observational study
was conducted at a tertiary care teaching hospital, over
six months from August 2024 to February 2025. One
hundred twenty-five adult patients who underwent
elective surgical procedures under general anesthesia
were enrolled. The study was conducted after approv-
al was obtained from the Institutional Ethics Com-
mittee (IEC). Ethical committee approval number:
IEC2:491/2023. Clinical trials registry India a number:
CTRI/2024/02/063217. Patients aged more than 18
years with an American Society of Anesthesiologists
physical status <3 who underwent elective surgery un-
der general anesthesia and whose primary mode of tra-
cheal intubation was direct laryngoscopy were includ-
ed. Patients who were at risk of aspiration and required
rapid sequence induction and who had upper airway
deformities, trauma, or tumors were excluded. All pa-
tients recruited for the study were informed about in-
clusion, and written consent was obtained before the
procedure.
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A standard preanesthetic check-up was performed a
day before the surgery, including clinical parameters for
predicting the DMV and DI. These parameters include
the inter-incisor distance, modified Mallampati test,
thyro-mental distance, mandibular protrusion, pres-
ence of a beard, abnormal dentition, history of neck ir-
radiation, and snoring. Before induction in the preop-
erative area, an ultrasound assessment was performed
via ultrasound (Sonosite™) with a low-frequency (2-5
MHz) curvilinear probe. The patient was kept in the
supine position with the neck stretched. To obtain
uniform tongue status, the patient was asked to keep
their mouth closed and touch the tongue tip gently to
the incisors without phonation. The probe was placed
under the chin in the mid-sagittal plane and adjusted
to obtain a full outline of the tongue and soft tissues
clearly on the screen (Figure 1a), and tongue thickness
(TT) was measured at four points. These points were
designated Points A, B, C, and D (Figure 1b).

Point A: Midway between the mentum and hyoid, a
vertical measurement from the skin to the hard palate
was taken (body of the tongue).

Point B: Midway between the mentum and hyoid, a
vertical measurement from the skin to the tongue soft
tissue demarcation was taken (body of the tongue).

Point C: Just above the hyoid region, a vertical meas-
urement from the skin to the hard palate was taken (at
the base of the tongue).

Point D: Just above the hyoid region, a vertical meas-
urement from the skin to the tongue soft tissue demar-
cation was measured (base of the tongue).

Figure 1: a) orientation of curvilinear probe in submental mid-sagittal region for assessing tongue thickness
b) the sonoanatomy of the tongue in the mid-sagittal plane with various measured points depicted.
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The relative difference between the points measured
at the body and base of the tongue, i.e., A-B and C-D,
reflecting the air-soft tissue interface, is considered the
palatoglossal space.

The ultrasound assessment was performed by a sin-
gle anesthesiologist with 5 years of experience in PO-
CUS to avoid interobserver bias. Three values for each
of the measurements were noted, and the average value
was taken.

The consultant anesthesiologist performed bag-mask
ventilation and intubation, and difficulty was graded.
The patient was shifted to the operating theatre, stand-
ard ASA monitors were attached, and baseline vital
signs were recorded. Preoxygenation with 100% oxy-
gen was performed on the patient for at least 3 minutes.
General anesthesia was induced via the standard insti-
tutional protocol, and the patients were relaxed with
an appropriate dose of muscle relaxant. At the proper
depth of anesthesia and after adequate muscle relaxa-
tion, mask ventilation and intubation were performed.

Mask ventilation was graded via the Warters grading
scale for mask ventilation [15]. This grading system is
based on achieving a target tidal volume of 5 ml/kg. If
the target tidal volume of 5 ml/kg is not achieved and
the provider cannot generate a peak inspiratory pres-
sure of > 30 cm H,0O, additional points are assigned. As
the score increases, the difficulty increases. For clini-
cal correlation, difficulty is categorized into scores <3
(easy mask ventilation) and scores >3 (difficult mask
ventilation).

Difficulty in intubation was determined by the intu-
bation difficulty scale (IDS)[16]. The IDS is based on
seven parameters, including the number of attempts,
operators, alternative techniques, glottic exposure,
laryngeal pressure, and vocal cord position. Each pa-
rameter is scored, and the total IDS score is calculated,
ranging from 0 (ideal intubation) to values indicative
of increasing difficulty. A score of infinity is assigned to
impossible intubations. The IDS provides an objective
measurement of intubation difficulty. A score of more
than 0 was considered to indicate any difficulty in intu-
bation in this study.

Statistical analysis:

On the basis of reports in the literature[14], the sen-
sitivity of ultrasound for the prediction of difficult
airways is approximately 85%. Assuming an expected
sensitivity (S) of 0.85, a prevalence of difficult airway
of 10% in our study population, a confidence interval
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width of 20%, and a two-sided type I error (a) of 5% (Z
= 1.96), the sample size was calculated using the for-
mula for estimating the sensitivity of a diagnostic test:

where § is the anticipated sensitivity, P is the preva-
lence of the target condition, and W is the desired con-
fidence interval width.

Substituting the values:

Accordingly, the minimum required sample size was
123 participants. To account for rounding and to en-
sure adequate statistical precision, a total sample size
of 125 patients was included in the study. The statisti-
cal package for social sciences (SPSS) for Windows v23
(IBM Corp, New York, USA) was used for statistical

_Zi_qpxS(1-$)
B P xW?2

analysis. A p-value < 0.05 was considered statistically
significant. Receiver operating characteristic (ROC)
curve analysis was used to assess the diagnostic accu-
racy of the ultrasound parameters. The area under the
curve (AUC), optimal cutoft value, sensitivity, specific-

_ (1.96)? x 0.85 x (1 — 0.85)
B 0.10 x (0.20)2
ity, positive predictive value, negative predictive value,
and accuracy were calculated.

= 1225

B RESULTS:

One hundred twenty-five patients from the South
Indian population were enrolled and analyzed in our
study. The demographic distribution was representa-
tive of the regional patient population encountered in
our clinical setting. All recruited patients were ana-
lyzed, and no dropouts were found.

The demographic data, clinical assessment details,
and ultrasound measurements obtained throughout
the study are summarized in Table 1.

Difficulty in mask ventilation was encountered in
36 (28.8%) patients. Overall, throughout the study, 50
(40%) patients were found to have some degree of dif-
ficulty with intubation.

To compare the diagnostic accuracy of various clini-
cal and ultrasound parameters in predicting difficult
mask ventilation, i.e., Warters score of mask ventila-
tion<3 and score >3, a receiver operating characteristic
(ROC) curve was plotted, and analysis was performed
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Table 1: Demographic and airway assessment parameters of the study population

Parameter

Age (Years)

Gender

Male

Female

BMI (kg/m?)

ASA-PS

|

Il

11

Mallampati Score

Class 1

Class 2

Class 3

Class 4

Mandibular Protrusion
Present

Limited

Beard (Present)

Dentition

Normal
Absent/Missed/Broken Tooth
Edentulous

History of Snoring (Present)
Neck Irradiation History (Yes)
Clinical measurements
Thyromental distance (cm)
Inter Incisor Distance (cm)
Neck Circumference (cm)
Warters scoring of Mask Ventilation
Score-1

Score-2

Score-3

Score-4

Score-5

Warters Score-Category of Mask Ventilation
<3 (Easy mask ventilation)
>3(Difficult mask ventilation)
IDS Degree of Difficulty
Easy

Slight Difficulty

Major Difficulty

IDS- Any Difficulty (Yes)
Ultrasound tongue thickness at points
Point A (cm)

Point B (cm)

Point C (cm)

_Point D (cm)

63 (50.4%)
62 (49.6%)
24.35+4.48

72 (57.6%)
44 (35.2%)
9 (7.2%)

2
5
3

9 (23.2%)
8 (46.4%)
6 (28.8%)
2 (1.6%)
122 (97.6%)
3 (2.4%)
7 (5.6%)

9
2

9 (79.2%)
2 (17.6%)
4 (3.2%)

49 (39.2%)
1

0.8%)

6.66 £ 0.94
5.37+0.64
36.10+2.59

75 (60.0%)
14 (11.2%)
21 (16.8%)
13 (10.4%)
2 (1.6%)
89 (71.2%)
36 (28.8%)

7
4

60.0%)
35.2%)
4.8%)

50 (40.0%)

5
4(
6 (
0 (
5.42+0.58
4.60 +0.57
4.37 +0.66
3.69 +0.66
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Mean + SD/N (%)
47.65 + 14.58

BMI- Body mass index, kg/m2- kilogram per meter square, ASA-PS- American Society of Anesthesiologists physical status, cm- centimeter, IDS- Intubation difficulty scale
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Table 2: Comparison of the diagnostic performance of various predictors in predicting the ease of face mask ventilation

(Warters score of mask ventilation<3 and score 23)

Predictor Cutoff AUROC p-value
(95%C1)
BMI (kg/m?) 27.131 0.562 0.279
(0.444-0.68)
Thyromental 5 0.596 0.076
distance (cm) (0.483-0.709)
Inter Incisor 5 0.601 0.057
Distance (cm) (0.488-0.713)
Neck Circumfer- 38 0.651 0.008
ence (cm) (0.540-0.761)
Point A (cm) 5.59 0.641 0.014
(0.530-0.752)
Point B (cm) 5.02 0.586 0.134
(0.473-0.699)
Point C (cm) 4.61 0.652 0.008
(0.540-0.761)
Point D (cm) 4.06 0.664 0.004
(0.55-0.77)

Sn Sp PPV (%) NPV Accuracy
(%) (%) (%) (%)
33 82 43 75 68
17 97 66.7 74.1 73.6
69 53 37.3 81.0 57.6
47 80 48.6 78.9 70.4
67 61 40.7 81.8 62.4
36 83 46.4 76.3 69.6
58 72 45.7 81.0 68
42 85 53.6 78.4 72.8

*AUROC: Area under the ROC curve; Cl: Confidence interval; Sn: Sensitivity; Sp: Specificity; PPV: positive predictive value; NPV: negative predictive value

for each variable.

For each parameter, sensitivity (true positive rate)
was plotted against 1-specificity (false positive rate)
across a range of cutoff values. The area under the ROC
curve (AUROC) was calculated to quantify the over-
all diagnostic performance, with an AUROC closer to
1.0 indicating better discriminative ability. The Youden
Index (J = sensitivity + specificity — 1) was used to
determine the optimal cutoff values, identifying the
threshold with the maximum combined sensitivity and
specificity. These cutoffs were then used to calculate
each parameter’s diagnostic indices—sensitivity, speci-
ficity, positive predictive value (PPV), negative predic-
tive value (NPV), and overall accuracy.

Among the clinical parameters, neck circumfer-
ence (cutoff: 38 cm) had the highest diagnostic perfor-
mance, with an AUROC of 0.651, sensitivity of 47%,
and specificity of 80%. The inter-incisor distance and
thyromental distance had lower AUROC values (0.601
and 0.596, respectively), suggesting limited utility in
isolation for predicting difficult mask ventilation.

Ultrasound-derived tongue thickness measure-
ments showed better overall discriminative ability.
Point D (cutoft: 4.06 cm) had the highest AUROC of
0.664, with a specificity of 85%, indicating a strong
negative predictive value. Point A (cutoff: 5.59 cm)
demonstrated the highest sensitivity (67%) among the
sonographic measurements, with an AUROC of 0.641.
These findings suggest that ultrasonographic tongue
thickness, especially at points A and D, has greater pre-

dictive utility than traditional clinical airway param-
eters in identifying patients at risk for difficult mask
ventilation.

Similarly, to compare the diagnostic accuracy of
various clinical and ultrasound parameters, receiver
operating characteristic (ROC) curves were plotted to
predict any difficulty in intubation, i.e., an intubation
difficulty score of more than 0. Analysis was performed
for each variable, and the AUROC was calculated.

Among the clinical predictors, inter-incisor distance
and neck circumference had AUROCs of 0.600 and
0.602, respectively, with modest discriminative ability
(p = 0.042 and 0.052). Thyromental distance showed
limited utility, with an AUROC of 0.545 and low speci-
ficity (27%), despite high sensitivity (86%).

Ultrasound parameters, particularly tongue thick-
ness at Point A, demonstrated the highest diagnostic
performance, with an AUROC of 0.693 (p < 0.001) and
a sensitivity and specificity of 82% and 56%, respec-
tively.

Multivariate logistic regression analysis was per-
formed for both mask ventilation and intubation to as-
sess the contribution of tongue thickness to each out-
come (Point D for difficult mask ventilation; Point A
for difficult intubation) after adjustment for BMI, neck
circumference, thyromental distance, and inter-incisor
distance. Adjusted odds ratios and Wald 95% confi-
dence intervals are reported per original measurement
unit.

Tongue thickness remained an independent predic-
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Table 3: Comparison of the diagnostic performance of various predictors of difficulty with respect to intubation- Any

difficulty: Yes vs no

Predictor Cutoff AUROC p-value  Sn Sp PPV NPV Accuracy
(95%CI) (%) (%) (%) (%) (%)
BMI (kg/m?3) 27.131 0.583 0.119 36 87 64 67 66
(0.477-0.688)
Thyromental distance 7 0.545 0.369 86 27 43.9 74.1 50.4
(cm) (0.441-0.649)
Inter Incisor Distance 5.5 0.600 0.042 68 51 47.9 70.4 57.6
(cm) (0.497-0.702)
Neck Circumference 35 0.602 0.052 86 31 453 76.7 52.8
(cm) (0.500-0.705)
Point A (cm) 5.36 0.693 <0.001 82 56 55.4 82.4 66.4
(0.597-0.790)
Point B (cm) 4.67 0.671 0.001 62 69 57.4 73.2 66.4
(0.573-0.770)
Point C (cm) 431 0.586 0.105 64 56 49.2 70.0 59.2
(0.483-0.689)
Point D (cm) 3.74 0.565 0.223 58 59 48.3 67.7 58.4
(0.461-0.668)
*AUROC: area under the ROC curve; CI: confidence interval; Sn: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value
Table 4: Multivariable logistic regression for difficult mask ventilation
Variable Adjusted OR 95% ClI p- value
Tongue thickness — Point D (cm) 3.229 1.469 —7.097 0.004
Neck circumference (cm) 1.232 0.960—-1.581 0.101
Inter-incisor distance (cm) 0.514 0.234-1.132 0.098
Thyromental distance (cm) 0.725 0.425-1.239 0.240
BMI (kg/m?) 0.988 0.869-1.123 0.852
*OR: odds ratio; Cl : confidence interval
Table 5: Multivariable logistic regression for difficult intubation
Variable Adjusted OR 95% ClI p -value
Tongue thickness — Point A (cm) 3.960 1.649-9.510 0.002
Inter-incisor distance (cm) 0.446 0.221-0.900 0.024
Neck circumference (cm) 1.015 0.815-1.263 0.897
Thyromental distance (cm) 0.884 0.556 — 1.404 0.601
BMI (kg/m?) 1.011 0.899-1.137 0.852
*OR: odds ratio; Cl : confidence interval
tor of both outcomes after adjustment. For difficult B DISCUSSION

mask ventilation, Point D was independently associat-
ed with difficulty (adjusted OR 3.23, 95% CI 1.47-7.10,
p=0.004); neck circumference, inter-incisor distance,
thyromental distance, and BMI were not indepen-
dently significant (p=0.10, p=0.10, p=0.24, p=0.85,
respectively). For difficult intubation, Point A was in-
dependently associated with difficulty (adjusted OR
3.96, 95% CI 1.65-9.51, p=0.002), as was inter-incisor
distance (adjusted OR 0.45 per cm, 95% CI 0.22-0.90,
p=0.024); neck circumference, thyromental distance,
and BMI were not independently significant.

The insights of this prospective observational study fa-
vor the use of ultrasound-measured tongue thickness
as an adjunctive parameter in airway assessment along-
side clinical parameters for better airway predictability.

In the era of supraglottic airway devices, the ability to
maintain oxygenation through effective mask ventila-
tion ensures the safety of patients. This technique re-
mains irreplaceable, reinforcing its relevance in mod-
ern anesthesiology training and practice; one should
not neglect the basic skill of mask ventilation[17].

A total of 125 patients were enrolled. None of the
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patients experienced impossible mask ventilation or
intubation. However, we found that 28.8% and 40%
of the study population experienced DMV and DI, re-
spectively.

For the prediction of the DMV, tongue thickness
measured at the base (from the skin to the soft tissue
demarcation of the tongue) demonstrated the highest
area under the ROC curve (AUC = 0.664, p = 0.004). A
cutoff value of 4.06 cm yielded a sensitivity of 42% and
a specificity of 85%. Comparable findings were report-
ed by Bianchini et al. (2021)[14], who identified tongue
base thickness >5 cm as a predictor of DMV with a sen-
sitivity of 85% and specificity of 60%. In contrast to our
present study, they used a transverse plane approach
with the probe positioned in the submental region. A
more methodologically aligned study is that of Kundra
et al. (2025) [18], who assessed tongue thickness in the
sagittal plane, identical to the technique used in our
study. They reported that a tongue thickness >4.1 cm
predicted DMV with a sensitivity of 69.4% and speci-
ficity of 71.1%. Our analysis also demonstrated compa-
rable findings, with Point A showing a cutoff value of
5.59 c¢m, yielding a sensitivity of 67% and specificity of
61%, with an AUROC of 0.641 (p = 0.014). Therefore,
the findings cannot be generalized but can be inter-
preted as indicating that with a greater thickness of the
base of the tongue, difficulty in mask ventilation can be
anticipated.

We also compared tongue thickness with difficult
intubation, and we found that tongue thickness meas-
ured from the skin to the hard palate (Point A) had the
highest predictive value (AUC = 0.693, p < 0.001). A
threshold of 5.36 cm demonstrated a sensitivity of 82%
and specificity of 56%. Yao et al. (2014-2016) [12], in
a study conducted in a Chinese population, concluded
that increased tongue thickness was an independent
predictor of difficult laryngoscopy and tracheal intuba-
tion, with a cutoft >6.1 cm, yielding a sensitivity of 75%
and specificity of 72%.

We also explored the relative difference between the
points at the body and base of the tongue, i.e., A-B and
C-D (the palatoglossal space), as a predictive marker.
However, no statistically significant association was
found between DMV and DI in our cohort. In contrast,
Kundra et al. (2025) [18] reported that obliteration of
the palatoglossal space was a valuable indicator for pre-
dicting the DMV.

When the predictive performance of ultrasound-
derived tongue thickness and conventional clinical
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airway assessment parameters was compared, ultra-
sound measurements demonstrated marginally higher
AUROC values than the individual clinical predictors.
Furthermore, multivariable logistic regression analy-
sis showed that tongue thickness measured at the base
(Point D) for difficult mask ventilation and at the body
(Point A) for difficult intubation remained indepen-
dently associated with their respective outcomes after
adjustment for established clinical predictors. These
findings suggest that ultrasonographic tongue thick-
ness provides predictive information beyond that ex-
plained by anthropometric measures such as BMI,
neck circumference, and thyromental distance. Al-
though the incremental improvement in diagnostic
performance was modest, ultrasound may complement
conventional airway assessment by providing objective
anatomical information that is not captured by routine
clinical examination alone. Incorporating ultrasound-
derived tongue thickness into preoperative airway
evaluation may therefore improve risk stratification, al-
though further validation in larger multicentre studies
is warranted.

Our study also has several limitations: a relatively
small sample size may have reduced statistical power,
and the absence of a universally accepted cutoft for
tongue thickness limits comparability. Also, ultrasound
measurements were performed by a single experienced
operator; therefore, interobserver variability was not
assessed. However, airway ultrasound for tongue thick-
ness has a relatively short learning curve, and previous
studies have demonstrated good reproducibility after
appropriate training. We also did not include multid-
omain protocols such as Difficult Airway Evaluation
with Sonography (DARES[19]), where hyomental dis-
tance and anterior soft tissue thickness parameters were
included. DARES mainly explores difficult intubations,
so its applicability can be limited to this study. More
extensive, multicentric studies with broader popula-
tions and additional sonographic markers are needed
to validate and extend these findings.

B CONCLUSION:

Ultrasound-measured tongue thickness demonstrates
moderate discriminative ability for predicting difficult
mask ventilation and difficult intubation. Hence, ultra-
sonographic assessment of tongue thickness performed
along with conventional preoperative airway evalua-
tion may have a potential role in airway assessment.
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