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Summary
Current methods to assess the airway before tracheal intubation are variable in their ability to predict a difficult

airway accurately. We hypothesised that sublingual ultrasound could provide additional information to predict a dif-

ficult airway with greater success than current methods. We recruited 110 patients to perform sublingual ultrasound

on themselves following brief instruction. Ability to view the hyoid bone on sublingual ultrasound, mouth opening

distance, thyromental distance, neck mobility, size of mandible and modified Mallampati classification were recorded

and assessed for ability to predict a difficult intubation based on the grade of laryngoscope. Visibility of the hyoid

using ultrasound was associated with a laryngoscopic grade of 1–2 (p < 0.0001), and (p < 0.0001) had a positive

likelihood ratio of 21.6 and a negative likelihood ratio of 0.28. Each of the other methods had considerably lower

positive likelihood ratios and lower sensitivity. Our results suggest that sublingual ultrasound is a potential tool for

predicting a difficult airway in addition to conventional methods.
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Introduction
Examination of the airway is an essential component

of the anaesthesiologist’s pre-operative assessment.

Several simple methods exist to aid in predicting the

probability of difficult intubation. In the classically

described ‘Three axis alignment’ theory [1], mouth

opening, atlanto-occipital extension, neck mobility,

dentition and the anatomical location of the larynx

are all dynamic factors that play a role in determin-

ing the ease of aligning the oral, pharyngeal and

laryngeal axes. Successful intubation by direct laryn-

goscopy requires alignment of these three axes, fol-

lowed by anterior displacement of the tongue and

epiglottis to ‘clear the visual path’ to the glottic

opening.

In 1993, Chou et al. [2] described a new factor –

hyomandibular distance – that may be increased in

patients with a difficult airway. Other methods include

the Mallampati classification [3] and assessment of

thyromental distance [4]. Although these methods are

used routinely, their sensitivity, specificity and repro-

ducibility have been disputed [5]. Despite the availabil-

ity of multiple airway assessment methods, unexpected

difficult intubations occur with a frequency of 1–8%

[6]. The search continues for a simple and non-inva-

sive technique that will provide a more accurate assess-

ment of the patient’s airway.

We previously described a technique to image the

airway using ultrasound [7]. By placing the probe in

the floor of the mouth, we were able to image all
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oropharyngeal and laryngeal structures and obtain a

clear sagittal view of the base of tongue, hyoid bone

and suprahyoid muscles. Caudal displacement of the

hyoid due to hypopharyngeal situation of the tongue

or short mandibular ramus [2] can interfere with the

view of the glottis. It is possible that caudal displace-

ment of the larynx (or relative caudal displacement

due to short mandibular ramus) may result in an

impaired view of the hyoid with the ultrasound probe

placed in the floor of the mouth, making inability to

see the hyoid on sublingual ultrasound a potential

indicator of difficult intubation [8].

In this pilot study, we sought to determine the fea-

sibility and accuracy of sublingual ultrasound for

examination of the airway. In particular, we set out to

assess whether patients tolerated probe insertion with-

out sedation or topicalisation and whether this was an

efficient (i.e. less than one minute) method for airway

assessment. We also investigated whether patients

could insert the probe correctly with simple verbal

instructions and whether they suffered any adverse

effects. Finally, we sought to test our hypothesis that

inability to see the hyoid bone on sublingual ultra-

sound correlates with difficult laryngoscopic view and,

by extension, difficult intubation.

Methods
Ethics approval was obtained from the University of

Alberta Health Research Ethics Board. For this pilot

study, we recruited as many eligible patients as possible

over a one-month period. Adult patients (> 17 years

old) presenting for elective surgery and requiring rou-

tine tracheal intubation were selected for inclusion in

this study. Patients were not recruited if the first

attempt at tracheal intubation was not with direct lar-

yngoscopy, or if there was known anatomical abnor-

mality of the upper airway, or if they did not receive

neuromuscular blocking agents before laryngoscopy.

Following informed written consent, we recruited

patients in the Same Day Admit/Day Surgery ward on

the day of surgery. First, a single investigator per-

formed sublingual ultrasound (see below). Then the

patient was brought to the pre-operative area and

independently assessed by the attending staff anaesthe-

siologist who was blinded to the sublingual ultrasound

findings. The patients’ (ASA physical status, age, sex,

and type of surgical procedure) were recorded, and the

following information was obtained in standard fash-

ion: mouth opening (cm); thyromental distance (cm);

neck mobility (flexion/extension – degrees from mid-

line); size of mandible (distance from angle of mandi-

ble to mentum – cm); body mass index; modified

Mallampati classification; and dentition (full/edentu-

lous/missing teeth).

For consistency, all sublingual ultrasound images

were recorded in the Day Ward/Same Day Admit

Ward by a single investigator. Patients were posi-

tioned in a sitting, neutral position. Patients received

specific instructions for placing the ultrasound probe

in the floor of the mouth. A small-footprint, high-

frequency curved array probe (8C-RS, 12x22 mm; 4–

10 MHz, LOGIQ e; GE Canada, Mississauga, ON,

Canada) was used for each patient. The probe was

first covered with a sterile ultrasound probe cover.

Patients were told to take the ultrasound probe, orient

it longitudinally (vertically) and place it under the

tongue, ‘like they would a thermometer’. They were

then told to ‘advance it straight back as far as was

comfortable’ (Fig. 1a). The investigator then ensured

that the image was taken with the probe oriented per-

pendicular to the face (Fig. 1b). A separate, blinded

assessor (a staff anaesthesiologist experienced in ultra-

sound) reviewed the sublingual ultrasound images and

noted whether or not he could see the hyoid bone on

the images.

Patients were monitored with routine intra-opera-

tive monitors, including pulse oximetry, end-tidal cap-

nography, anaesthetic agent analysis, blood pressure by

oscillometry (+/� arterial line) and electrocardiogra-

phy. Medications used for induction were left at the

discretion of the attending staff anaesthesiologist; how-

ever, all patients in this study received neuromuscular

blockade (suxamethonium, rocuronium or cisatracuri-

um) before the first attempt at laryngoscopy. Patients

not receiving neuromuscular blockade before laryngos-

copy were not recruited.

Laryngoscopy was performed by either the attend-

ing staff anaesthesiologist or a senior resident, neither

of whom was associated with the study. The glottic

view obtained on first attempt at direct laryngoscopy,

graded according to the Cormack and Lehane classifi-

cation [8], was recorded. The type and size of blade
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used was noted and was left to the discretion of the

attending anaesthesiologist. A difficult laryngoscopic

view was classified as a grade ≥ 3.

Feasibility data, including whether the patients tol-

erated probe insertion without sedation or topicalisa-

tion, duration of ultrasound assessment, ability of

patients to insert the probe correctly after verbal

instruction and any adverse effects, were recorded for

each patient. The grade of view obtained on direct lar-

yngoscopy was regarded as a surrogate for intubation

difficulty, with grades 3–4 classified as ‘difficult.’ Two-

by-two contingency tables were constructed to deter-

mine the predictive value of ultrasound and each of

the five clinical measures on intubation difficulty. Fish-

er’s exact test was used to determine the statistical sig-

nificance of each association. Sensitivity, specificity and

positive and negative likelihood ratios were calculated

for each predictor. As this was a feasibility study, the

sample size was not powered to compare each method

of airway assessment.

Results
Following informed written consent, 110 patients were

enrolled in the study. Of these, 100 were included in

the analysis. Of the patients not included in the study,

eight had their surgery cancelled owing to bed short-

ages, and the others did not undergo direct laryngos-

copy owing to cervical spine instability and

symptomatic cervical myelopathy. Categorisation of

surgical procedures and percentage of patients under-

going each procedure are shown in Table 1.

All 100 patients were able to place the ultrasound

probe correctly in the floor of the mouth without seda-

tion or topicalisation, and all patients correctly inserted

the ultrasound probe with simple verbal instruction.

The ultrasound examination took less than one minute

(a) (b)

Figure 1 Sublingual ultrasound of the upper airway. (a) Schematic diagram showing placement of the ultrasound
probe perpendicular to the face, as instructed to study participants. Indicated are positions of the tongue, geniohyoid
and mylohyoid muscles and hyoid bone. The dashed lines indicate the coverage of the ultrasound beam. (b) Repre-
sentative ultrasound image showing view of the hyoid bone.

Table 1 Patients' characteristics (n = 100) and types
of surgery performed. Values are number or mean
(SD).

Male/female 55/45
Age; years 52.1 (15.5)
Body mass index; kg.m�2 28.4 (5.3)
ASA status

1 21
2 67
3 12
4 0

Glottic view
1 66
2 23
3 10
4 1

Type of surgery
General 50
Urology 18
Neurosurgery 10
Plastic 10
Orthopaedic 6
Ear/nose/throat 4
Dental 1
Cardiac 1
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in all patients, and no adverse effects were reported.

The attending anaesthesiologist or senior resident

(> 3rd year) performed a first attempt laryngoscopy in

all patients with a difficult laryngoscopic view. All

patients’ tracheas were successfully intubated. Six of ele-

ven (54.5%) patients with a difficult laryngoscopic view

required an airway adjunct (gum elastic bougie, stylett-

ed tracheal tube, glidescope) for successful tracheal

intubation after the initial non-reassuring glottic view

with direct laryngoscopy.

The ability of each airway assessment method to

predict laryngoscope view grade is summarised in

Table 2. In 8/11 (72.7%) patients with grade 3–4 views,

the hyoid could not be seen and only the tongue was

seen. Of the three patients with a grade-3 view in

whom the hyoid was seen, two had decreased neck

extension – one due to ankylosing spondylitis and the

other to cervical osteoarthritis – and the other was

morbidly obese. Clear images of the hyoid were viewed

on ultrasound in 96.6% (86/89) of easy intubations

(grades 1–2). Sublingual ultrasound had a sensitivity of

73% and specificity of 97% for predicting a difficult

intubation as determined by laryngoscopy (Table 2).

The positive likelihood ratio was 21.6, and the negative

likelihood ratio was 0.28.

Compared with sublingual ultrasound, traditional

methods for assessing the airway were less successful

at predicting the grade of laryngoscope view (Table 2).

Both Mallampati score (p = 0.045) and neck extension

(p = 0.045) had a sensitivity of 36% and specificity of

89%. Each of these methods possessed positive and

negative likelihood ratios of 3.24 and 0.72, respectively.

Thyromental distance < 6 cm (p = 0.11) predicted a

laryngoscopic view ≥ grade 3 with a sensitivity of 9%

and specificity of 100%. No false positives were found

using the thyromental distance method, so a positive

likelihood ratio could not be determined; the negative

likelihood ratio was 0.91. There were no patients with

mouth opening < 4 cm; therefore, mouth opening

< 4 cm predicted a laryngoscopic view ≥ grade 3 with

a sensitivity of 0% and specificity of 100%. Likelihood

ratios could not be determined for the mouth opening

method.

Discussion
This study demonstrates that sublingual ultrasound

has the potential to be an objective modality for airway

assessment. Our results show that sublingual ultra-

sound is a well-tolerated, simple and efficient method

for pre-operative airway assessment and suggest that

sublingual ultrasound alone is sufficiently effective at

identifying possible difficult intubation patients that

would otherwise be identified by laryngoscopy.

The hyoid is the only bony structure of the larynx

and is readily identifiable on sublingual ultrasound as

a distinct hyperechoic structure. Chou et al. [2] used a

lateral cervical spine X-ray to measure the true hyo-

mandibular distance and, while this is the most

Table 2 Ability of airway assessment methods to predict the grade of laryngoscope view. Values are number.

Laryngoscope
view

p value Sensitivity Specificity

Likelihood ratio

≥ 2 1–2 Positive Negative

Sublingual ultrasound
Hyoid not seen 8 3 < 0.0001 70% 97% 21.6 0.28
Hyoid seen 3 86

Mallampati score
≥ 3 4 10 0.045 36% 89% 3.24 0.72
< 3 7 79

Thyromental distance; cm
< 6 1 0 0.11 9% 100% ∞ 0.91
> 6 10 89

Mouth opening; cm
< 4 0 0 1.00 0% 100% N/A N/A
> 4 11 89

Neck extension; °
< 30 4 10 0.045 36% 89% 3.24 0.72
> 30 7 79
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accurate form of measurement, it is impractical in

emergency situations and exposes the patient to radia-

tion. In this study, the results suggest an association

between an inability to see the hyoid bone on sublin-

gual ultrasound and difficult laryngoscopic view.

Although sublingual ultrasound does not provide a

measurement or even an estimate as to the cervical

level at which the hyoid is located, we predict that the

simple presence or absence of the hyoid on the ultra-

sound image correlates with its location in the neck –

the more caudally displaced the hyoid bone is, the less

likely it is to fall into the field of view of the ultra-

sound probe. We were able to see the hyoid bone in

most patients; however, in our difficult intubation

cases, only the base of tongue, and not the hyoid, was

seen on ultrasound.

A limitation of using ability to see the hyoid bone

as a surrogate for difficult intubation is that it may not

adequately address and evaluate other airway factors,

in particular, tongue size and shape or abnormal ton-

gue. In patients with difficult intubation, it has been

shown that, during direct laryngoscopy, an abnormal

tongue shape (e.g. ‘peardrop’) can impede the glottic

view and lead to a poor laryngoscopy grade [9]. Ton-

gue shape and size may have a greater impact on

direct laryngoscopy as the blade is placed on the top

of the tongue during airway evaluation, while sublin-

gual ultrasound involves placing the probe under the

tongue. As our study was not designed to provide

explicit information on whether or not the tongue is a

direct impediment to sublingual ultrasound (and, as

such, a cause of inability to see the hyoid), further

research is needed to determine if this is the case and

if measurement and examination of the tongue during

sublingual ultrasound will enhance airway assessment.

Another potential limitation of this study is that

our patients were in a sitting neutral position (i.e. not

the ‘sniffing’ position). Despite some controversy over

its merits [10], the ‘sniffing’ position is regarded as the

optimal starting position for airway assessment using

direct laryngoscopy [11]. The sitting neutral position

was chosen to try to make the ultrasound scanning

procedure more standardised; however, such a position

may result in suboptimal alignment of the airway axes

for intubation [1]. In terms of probe placement, we

anticipate that the ultrasound beam scanning angle

becomes relatively standardised when the probe is ori-

ented perpendicular to the face. Although it is likely

that our instruction to advance the probe straight back

as far as was comfortable would result in the probe’s

being advanced to one or other side of the lingual

fraenulum, we did not expect this occurrence to

impact the final image as the view of the hyoid is

based on the relative degree of caudal displacement of

the hyoid and associated laryngeal structures.

The Mallampati scoring system remains one of the

most popular assessment tools for evaluating a

patient’s airway [3, 12]; however, a recent meta-

analysis summarised the sensitivity to be 50% and

specificity to be 89% [13], figures that are in agreement

with our observations (Table 2). Because all methods

of airway assessment, including sublingual ultrasound,

are only predictive – not definitive – of difficult intu-

bation, and because intubation difficulty is subjective,

we chose to use the grade of laryngoscopic view as a

surrogate indicator of difficult intubation. In this

study, we were able to view the hyoid bone in three

patients who had a laryngoscopic grade of > 3. Two of

these patients had decreased neck mobility due to

severe neck osteoarthritis and ankylosing spondylitis,

respectively, while the third patient was morbidly

obese. These patients demonstrate what we feel to be

the upper limits of assessing the airway using this

method. Knowing that the difficult airway is a result of

dynamic interaction between anatomic and functional

factors, we believe that sublingual ultrasound has util-

ity in estimating the degree of caudal laryngeal dis-

placement. That being said, this method cannot

predict difficult airways caused by other unfavourable

functional or anatomical characteristics, such as

decreased neck mobility or atlanto-occipital extension.

One limitation of this study is that it was not

powered to compare between airway assessment meth-

ods. Another limitation is the fact that different physi-

cians performed subjective airway assessment using the

traditional methods and also graded the laryngoscope

view. Even though the methods are relatively standar-

dised, there is still a chance for bias and subjectivity

due to each physician’s personal opinion.

This study demonstrates that sublingual ultrasound

may be a useful tool for pre-operative airway assess-

ment. Importantly, the method is well tolerated by the
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patient and can be performed with simple instructions

without topicalisation or sedation. Ultrasound has been

used to view upper airway structures, including the

mouth, tongue, oropharynx, hypopharynx, hyoid bone,

larynx, vocal cords, cartilages, trachea and oesophagus

[14] and allows one to view anatomy and any foreign

bodies that may be present. Normally, the ultrasound

probe is positioned externally for a view of the airway,

which requires the application of conductive gel. More-

over, external ultrasound requires the user to follow the

contours of the neck, which may not facilitate the opti-

mal ultrasound image and which may be uncomfort-

able for some patients. Our method allows ultrasound

to be performed without the need for application of

conductive gel and, like external ultrasound, can be

performed with the probe in both sagittal (described

here) and transverse positions, allowing a comprehen-

sive assessment of airway structures.

In summary, our results suggest that inability to

see the hyoid bone on sublingual ultrasound can pro-

vide additional information for predicting a difficult

laryngoscopic grade compared with current airway

assessment methods. Further studies are needed to

assess interobserver reliability for sublingual ultrasound

images, as well as larger studies to assess the reproduc-

ibility and validity of our findings.
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