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Background. Mallampati scoring is a common exammethod for evaluating the oropharynx as a part of the airway assessment and
for anticipation of difcult intubation. It partitions the oropharynx into 4 categories with scores of 1, 2, 3, and 4. Even though its
reliability is known to be limited by confounding factors such as patient positioning, patient phonation, tongue protrusion, and
examiner variability, the efect of respiration, i.e., inspiration and expiration, has not yet been formally studied. Methods.
Mallampati scores were collected from 100 surgical patients during both inspiration and expiration and later compared to the
score obtained in the medical record, determined by a board certifed anesthesiologist. Results. Score deviations from the medical
record reference were compared for both inspiration and expiration showing that respiration afects Mallampati scores; for some
patients, the scores improved (i.e., decreased), while in others they worsened (i.e., increased). Te respiratory change efect was
quantifed and visualized by plotting the area under the curve of the histogram of the deviations. 42% of the patients had
a worsening of scores by 1 or 2 points with inspiration while 36% of the patients had a worsening of scores by 1 or 2 points with
expiration.Conclusions. Mallampati scoring is commonly used in evaluating the oropharynx as a part of the airway assessment and
as a screening tool for difcult intubations. However, as this study points out, the respiratory cycle substantially afects the
Mallampati scoring system, with signifcant deviations of 1 or 2 points. In a scoring system of 4 score categories, these deviations
are remarkable.

1. Introduction

In 1983, Rao Mallampati frst published a brief observational
statement that large tongue volumes, which concealed the
uvula, faucial pillars, and soft palate on examination of the
oropharynx, were more likely to have a small angle between
the tongue and the larynx rendering it difcult to access the
larynx during intubation [1]. Mallampati stated in part “in the
great majority of orotracheal intubation difculties I have
encountered . . . this clinical sign (concealment of faucial
pillars and uvula by the tongue) was helpful in predicting
intubation difculty.” [1] Two years later, Mallampati pub-
lished his fndings concluding that the visibility of three
pharyngeal structures, faucial pillars, soft palate, and uvula,

could be used preoperatively as a proxy for laryngeal visu-
alization during intubation [2]. It was then that Mallampati’s
three diferent classes were established. Class I represented
visualization of all three pharyngeal structures; Class II
represented visualization of only the faucial pillars and soft
palate, and Class III only showing the soft palate. In 1987,
Mallampati’s class systemwas further updated by Samson and
Young to include Class IV, a class which shows no visuali-
zation of any pharyngeal structures [3]. It is this modifed
classifcation that is commonly used for preoperative bedside
airway evaluations in anesthesiology today.

Te modifed Mallampati class system has since become
entrenched in the clinical airway assessment. Te Mallam-
pati score serves as a proxy in assessing how much physical
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space is available in the mouth for instrumentation during
laryngoscopy and displacement of the tongue anteriorly.
Given that an array of other clinical parameters afect the
intubation process, it is not surprising that the reported
sensitivity of the Mallampati score in identifying difcult
intubations varies widely (from 11% to 84%) [4–7]. Fur-
thermore, studies have even questioned its efcacy at pre-
dicting difcult intubation [8, 9]. Additionally, there are
several variables that can afect Mallampati scoring that need
to be taken into account (Table 1). Examiner variability is
a consideration when using Mallampati [14]. Another is
patient positioning, i.e., supine vs. sitting, which has been
shown to infuence Mallampati scores in predicting difcult
tracheal intubations [10]. Tongue protrusion can also modify
Mallampati scores [11]. Finally, patient phonation also in-
fuences Mallampati scoring by improving the predictability
of difcult intubation [12, 15]. Because of its limitations, the
Mallampati score has poor accuracy at identifying difcult
intubations when used as the sole metric [9]. Nonetheless,
Mallampati scores continue to be a very commonly used
metric so there is value in identifying further limitations.

Te pharyngeal airway is dynamic and changes shape
and size during the respiratory cycle through inspiration and
expiration [16, 17] such that the pharyngeal cross-sectional
area increases during early expiration and decreases during
late expiration with a net result of pharyngeal collapse
throughout expiration [17, 18]. Tis is explained by in-
creased activity of upper airway dilator muscles, particularly,
the genioglossus, during inspiration and less activation of
these muscles during expiration [17]. Te activation of these
muscles prevents airway collapse by countering the negative
pressure generated in the pharynx during inspiration
[17–20].

For that reason, in the current investigation, we in-
vestigated the efect of respirations on Mallampati scores. To
test the hypothesis, we analyzed and compared Mallampati
scores in the same patients during inspiration and expiration
to determine the efect of the respiratory cycle on this
scoring system.

2. Materials and Methods

2.1. Ethics Approval. A trained member of the anesthesia
team conducted the airway assessments on surgical patients
at University Hospital in Newark, New Jersey, USA. Uni-
versity Hospital is a 519-bed academic medical center with
an active medical staf of more than 785. It is a Level I
Trauma center in the state of NJ and a tertiary care center,
often acting as a referral center from neighboring hospitals.
It mainly cares for its local community of Newark, NJ, an
underserved, racially diverse, impoverished community.Te
hospital performs about 12,000–13,000 surgeries per year.
Since this study posed no invasive risk to any of the patients,
the study was classifed by the Newark Health Sciences
Institutional Review Board as “exempt” from review. Verbal
informed consent was obtained from each patient included
in this study.

2.2. Conduct of the Study. A total of 100 surgical patients
were included in this study. All patients undergoing surgery
at University Hospital in Newark, New Jersey, were included
in this study. Te majority of the patients included in this
study underwent orthopedic, neurosurgical, endoscopic,
plastic, or cardiovascular surgeries/procedures. Children,
pregnant women, prisoners, and non-English speakers were
excluded from the study. Airways evaluations were based on
the Mallampati methodology described in the literature and
outlined briefy below [1, 3]. Patients were instructed to sit
upright in the hospital bed or stretcher with their torso at
a 90-degree angle. With the patient’s head in the neutral
position, patients were instructed to open their mouth as
wide as possible andmaximally protrude their tongue.While
the patient’s tongue remained protruded, patients were
instructed to inhale and hold their breath while the in-
spiration Mallampati score was obtained. Ten, in the same
view, patients were instructed to exhale and the expiration
Mallampati score was obtained. Te examiner was posi-
tioned opposite the patient so that their eye level was at the
level of the patient’s oropharynx which was then visualized
with a penlight. Te airway was classifed based on the
modifed four-class Mallampati scoring system, and the
results were documented.Te baselineMallampati score, the
score documented by the anesthesia team, was used as
a reference to which both the inspiration and expiration
scores of the same patient were compared to. Score de-
viations from the reference were considered positive when
clinically more reassuring and closer to a score of 1, or
negative when less reassuring and closer to a score of 4. For
example, if a patient’s reference Mallampati score was 2, but
was 3 during inspiration, we would score that change as −1,
as the score went from 2 to a worse score of 3. Scores were
then partitioned into the following seven categories: worse:
−3, −2, and −1, same: 0, or better: 1, 2, and 3. A histogram
was then generated for both inspiratory and expiratory
scores, and the area under the curve (AUC) was quantifed.
A similar analysis was conducted for the obese patients’
subset (BMI> 30; n� 36).

2.3. Statistical Analysis. Demographic data were stratifed
for age, race, sex, BMI, and insurance status, and Chi-square
analysis was used to determine diferences in the
population data.

3. Results

3.1. Sample Demographics. Sampled patients were mainly
middle-aged with the majority falling within the age range of
40–59 years old (Table 2; p< 0.001). Biological sex was
equally split, with 50% male and 50% female patients
(p � 0.68). Race was predominantly Hispanic and Black
(72%, p< 0.001). Te majority of patients had Medicare
insurance and had a BMI of 25–29.9. A signifcant portion of
the population was obese (36%) with roughly 8% being
morbidly obese (BMI> 40).
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3.2.TeEfect ofRespirationonMallampati Scoring. A review
of the Mallampati score classes is shown in Figure 1, giving
a brief description of each class (I–IV). Te change from
each patient’s reference medical record score to the score
either under inspiration (Figure 2(a)) or expiration
(Figure 2(b)) was plotted using a histogram and indicated by
the black line. If Mallampati scores were independent of
respiration, the expected change between the inspiratory,
expiratory, or the medical record score would be minimal as
approximated by the blue line. However, 42% of the patients
had a worsening of scores by 1 or 2 points with inspiration
while 36% of the patients had a worsening of scores by 1 or 2
points with expiration. Te observed respiratory efect on
Mallampati scores can also be appreciated when measuring
the AUC of both respiration plots (Figure 2(c)). Te AUC
decreases from 141, during inhalation, to 135.5 during
expiration.

3.3. Respiratory Efect onMallampati Scores of Obese Patients.
From the sample, 36 patients were obese. Similar to the total
study population, the change from the overall score for
inspiration (Figure 3(a)) and expiration (Figure 3(b)) were
plotted (black line) showing signifcant deviation from the
ideal curve (blue line). Areas under the curve for both in-
spiration and expiration were measured. AUC increased
from 50.5 during inhalation to 54.5 during expiration
(Figure 3(c)).

4. Discussion

To our knowledge, this is the frst study to demonstrate
a change in Mallampati scores through the respiratory cycle.
A scoring system of 4 scores with deviations of 1 or 2 score
points can only be of limited value.Te portion of deviations
is remarkable; 42% of the patients had worsening of scores
by 1 or 2 points with inspiration, while 36% of patients had
a worsening of scores by 1 or 2 points with expiration.

When plotting the Mallampati scores during inspiration
or expiration in comparison to those scores in the medical
record, we noticed a signifcant change (Figures 2(a) and
2(b)). Tis is made especially apparent when the comparison
is made to the null hypothesis (blue line) in which respi-
ration does not afect Mallampati scoring.Te following data
helps appreciate this efect: 44% of the patient population
had a worsening of the Mallampati score with inspiration
and 37% of the patient population had a worsening of the
Mallampati with expiration. 15% of the population had
improvement of Mallampati score with inspiration, while
17% had improvement of the Mallampati score with
expiration.

Worsening (increase) Mallampati score with expiration,
as observed in this study, may be explained by pharyngeal
changes that occur during expiration [17]. Under normal
physiology, the pharyngeal airway is up to three times more
collapsible during expiration as compared to inspiration
[17]. Furthermore, there is a complete closure of the upper
airway during mid-expiration [17, 21, 22]. Tis increased
collapsibility of the upper airway is due to the physiological
decrease in genioglossus muscle tone during expiration
[17, 23] which, in turn, may lead to worsening of Mallampati
scores. Tis muscle plays a key role in maintaining upper
airway muscle tone and patency by countering two forces,
the intraluminal negative pressure generated from in-
spiration and the extraluminal tissue pressure from sur-
rounding structure [22, 24]. With regards to worsening of
Mallampati scores with inspiration, it is possible that the
weakening of this muscle could lead to airway collapse and
manifest as a worse Mallampati score.

Obstructive sleep apnea (OSA) is a particular patho-
physiology accompanied by dysfunction of upper airway
muscles [25]. OSA patients have increased resistance to
airfow in the oro-nasopharynx even when awake and
exhibit disordered breathing patterns during sleep [25].
Interestingly, this increased resistance is even seen in OSA
patients with normal, when compared to age controlled
subjects, pharyngeal cross-sectional areas [25]. Te eti-
ology of this increased resistance is the dysfunction of the

Table 1: Summary of variables that afect the Mallampati score.

Variables afecting
Mallampati scores Change in Mallampati scoring

Patient positioning
(supine vs. sitting)

Supine: increases and
sitting: decreases [10]

Tongue protrusion Increases [11]
Phonation Decreases [12]
Obstructive sleep apnea Increases [13]
Evaluator diferences Increases or decreases [14]

Table 2: Demographic information with chi-squared analysis.

N % p value
Age categories
Age group 1 (0–19) 5 5.0

p< 0.001
Age group 2 (20–39) 29 29.00
Age group 3 (40–59) 34 34.00
Age group 4 (60–79) 32 32.00
Age group 5 (80+) 0 0.00

Gender
Male 50 50.00

p � 0.68Female 50 50.00
Race
White 19 19.00

p< 0.001Black 32 32.00
Hispanic 40 40.00
Other 9 9.00

Insurance status
Medicare 20 20.00

p< 0.001Medicaid 43 43.00
Private 20 20.00
Uninsured 12 12.00

BMI
<20 1 1.01

p< 0.001

20–24.99 24 24.24
25–29.99 39 39.39
30–34.99 17 17.17
35–39.99 11 11.11
40+ 8 8.08

Note: Data are presented as a total number of patients (N) and percent of
population (%).
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Figure 1: An illustrative summary of the diferent Mallampati scoring classes and how they are determined.
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Figure 2:Te change in score between the overall score and the inspiration (a) and subsequently the expiration (b) scores was plotted (black
line). Both were compared to an ideal curve showing no diference between scores regardless of respiration statues (blue line). Te area
under curve (AUC) for both inspiration and expiration was calculated and compared showing an overall decrease in AUC when tran-
sitioning from inspiration to expiration (c).
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upper airway dilator muscles [25]. Tis dysfunction can
lead to airway collapse during REM sleep which thereby
further contributes to apneic episodes throughout the
night. Not surprisingly, these patients who exhibit airway
collapse with sleep-disordered breathing during REM also
tend to have airway collapse during mask general anes-
thesia [26]. Patients who display worsening Mallampati
score with inspiration may be more likely to have un-
derlying OSA. In fact, it was even suggested that Mal-
lampati scoring could be used to predict OSA presence
and severity [13]. However, any such approach would
have to take in to consideration the signifcant respiratory
efect on Mallampati scoring.

In our studied obese patients, the respiratory change in
Mallampati scores was more dramatic for both inspiration
and expiration (Figures 3(a) and 3(b)) than that seen with
the total sample of patients in the study. Specifcally, 44%
and 56% of obese individuals demonstrated worsening of
Mallampati scoring during inspiration and expiration, re-
spectively, and 22% and 16% showed improvement of
Mallampati scores during inspiration and expiration, re-
spectively. Te diference between the entire patient sample
and the obese subset is further exemplifed when comparing
the change in the AUC when transitioning from inspiration

to expiration. While the AUC decreased from inspiration to
expiration in the total patient population (Figure 2(c)), it
actually increased in the obese group (Figure 3(c)), further
suggesting the variability of Mallampati scoring with res-
piration and the added factor of obesity.

It is well established that obesity and the associated
anatomical and physiological changes can alter proper air
movement through the upper airway [27, 28]. Te Mal-
lampati score improves after bariatric surgery, suggesting
that anatomical diferences in the obese population afect
respiration [28]. In this present study, the obese patient
group had a higher percentage of worsening of Mallampati
scores with expiration than the general study population.
Tere are several anatomical factors in these patients that
could account for this diference. Obese patients tend to have
more soft tissue in the cervical neck and hypopharyngeal
region, and this can contribute to the collapse of the pha-
ryngeal walls [28]. It can lead to gradual increases in the
concavity of the posterior epiglottis which can be used as
a qualitative measure to determine the chronicity of airway
collapse in obese patients [29]. Additionally, the hyoid bone
in obese patients is positioned lower than that of healthy
controls [28, 30]. A lower position of the hyoid bone pushes
the tongue vertically which obscures the view of several
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Figure 3: A subset of obese patients from the total study population was examined. Te change in score between the overall score and the
inspiration (a) and subsequently the expiration (b) scores was plotted (black line) and compared to the ideal curve in which Mallampati is
unafected by respiratory status (blue line).Te AUCwas calculated, showing an increase in the AUCwhen transitioning from inspiration to
expiration (c).
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oropharyngeal structures [28]. All of these anatomical dif-
ferences can contribute to increased airway collapse during
expiration resulting in score worsening. Te obese patients
in this study also had a higher percentage of worsening of
Mallampati scoring with inspiration. Since obesity is a risk
factor for OSA, it is likely that at least some obese patients
exhibit similar dysfunction of upper airway dilator muscles
that OSA patients experience. Tis in turn can lead to
weakening of this musculature and to distortion of the view
of oropharyngeal structures and the airway.

Te current study is not without limitations, most no-
tably, the small sample size. While a larger sample size would
have reduced any signifcant deviation, we believe that our
sample size was large enough to prove our hypothesis, i.e.,
that there is a diference in Mallampati scoring with res-
piration. Another limitation was the demographics of our
study population, which consisted of mainly middle-aged
Black and Hispanic patients. While it is known that dif-
ferences in scores exist between certain races, e.g., Asians
have a higher Mallampati score than caucasians [31], it does
not afect the integrity of the study because we strictly fo-
cused on change in score from baseline during inspiration
and expiration.Terefore, baseline diferences between races
are irrelevant as we focused on absolute change from each
patient’s individual baseline.

5. Conclusions

To our knowledge, this is the frst study to demonstrate
variations in the modifed Mallampati scoring system with
inspiration and expiration. We demonstrated that most
patients had a change in Mallampati score during the re-
spiratory cycle. Specifcally, most patients exhibited
a worsening (increase) of Mallampati score with inspiration
and expiration. Te staggering variations in Mallampati
scores in the obese patient population when compared to the
general study population could potentially be due to the
anatomical changes that can alter air movement in obese
individuals. Overall, our study demonstrated that the
modifed Mallampati scoring system is greatly afected by
respiration, leading to a worsening of scores in a signifcant
proportion of the population.

Data Availability

Tepatient data used to support the fndings of this study are
restricted by the Newark Health Sciences IRB in order to
protect patient privacy. Data may be available for researchers
who meet the criteria for access to this confdential data. To
request the data, the principal investigator of this study,
Rotem Naftalovich, MD, can be contacted at naftalro@
njms.rutgers.edu.

Additional Points

What Is Known? (i) Te Mallampati score serves as a proxy
in assessing how much physical space is available in the
mouth for instrumentation during laryngoscopy and dis-
placement of the tongue anteriorly. (ii) Examiner variability,

patient positioning, tongue protrusion, and phonation have
all been shown to afect the Mallampati score.What Is New?
(i) Te efect of respiration on Mallampati scoring was
examined in this study. (ii) Both inspiration and expiration
can increase Mallampati scoring. (iii) Te obese population
may have more variation in Mallampati scoring with
changes in respiration.
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Mallampati classifcation in sitting and supine position to
predict difcult tracheal intubation: a prospective observa-
tional cohort study,” Anesthesia & Analgesia, vol. 126, no. 1,
pp. 161–169, 2018.

6 Anesthesiology Research and Practice

mailto:naftalro@njms.rutgers.edu
mailto:naftalro@njms.rutgers.edu


[11] Y. Manabe, S. Iwamoto, H. Miyawaki, K. Seo, and
K. Sugiyama, “Mallampati classifcation without tongue
protrusion can predict difcult tracheal intubation more
accurately than the traditional Mallampati classifcation,”
Oral Science International, vol. 11, no. 2, pp. 52–55, 2014.

[12] E. J. Tam, C. D. Gildersleve, L. D. Sanders, W. W. Mapleson,
and R. S. Vaughan, “Efects of posture, phonation and ob-
server on mallampati classifcation,” British Journal of An-
aesthesia, vol. 68, no. 1, pp. 32–38, 1992.

[13] T. J. Nuckton, D. V. Glidden, W. S. Browner, and
D. M. Claman, “Physical examination: Mallampati score as an
independent predictor of obstructive sleep apnea,” Sleep,
vol. 29, no. 7, pp. 903–908, 2006.

[14] S. M. Green andM. G. Roback, “Is theMallampati score useful
for emergency department airway management or procedural
sedation?” Annals of Emergency Medicine, vol. 74, no. 2,
pp. 251–259, 2019.

[15] Z. H. Khan, S. Eskandari, and M. S. Yekaninejad, “A com-
parison of the Mallampati test in supine and upright positions
with and without phonation in predicting difcult laryn-
goscopy and intubation: a prospective study,” Journal of
Anaesthesiology Clinical Pharmacology, vol. 31, no. 2,
pp. 207–211, 2015.

[16] M. J. Morrell and M. S. Badr, “Efects of NREM sleep on
dynamic within-breath changes in upper airway patency in
humans,” Journal of Applied Physiology, vol. 84, no. 1,
pp. 190–199, 1985.

[17] A. M. Osman, J. C. Carberry, S. C. Gandevia, J. E. Butler, and
D. J. Eckert, “Changes in pharyngeal collapsibility and gen-
ioglossus refex responses to negative pressure during the
respiratory cycle in obstructive sleep apnoea,” Te Journal of
Physiology, vol. 598, no. 3, pp. 567–580, 2020.

[18] G. Pillar, R. B. Fogel, A. Malhotra et al., “Genioglossal in-
spiratory activation: central respiratory vs mechanoreceptive
infuences,” Respiration Physiology, vol. 127, no. 1, pp. 23–38,
2001.

[19] T. Akahoshi, D. P. White, J. K. Edwards, J. Beauregard, and
S. A. Shea, “Phasic mechanoreceptor stimuli can induce
phasic activation of upper airway muscles in humans,” Te
Journal of Physiology, vol. 531, no. 3, pp. 677–691, 2001.

[20] K. P. Strohl, M. J. Hensley, M. Hallett, N. A. Saunders, and
R. H. Ingram, “Activation of upper airway muscles before
onset of inspiration in normal humans,” Journal of Applied
Physiology, vol. 49, no. 4, pp. 638–642, 1980.

[21] R. J. Schwab, W. B. Gefter, E. A. Hofman, K. B. Gupta, and
A. I. Pack, “Dynamic upper airway imaging during awake
respiration in normal subjects and patients with sleep dis-
ordered breathing,” American Review of Respiratory Disease,
vol. 148, no. 5, pp. 1385–1400, 1993.

[22] D. P. White, “Pathogenesis of obstructive and central sleep
apnea,” American Journal of Respiratory and Critical Care
Medicine, vol. 172, no. 11, pp. 1363–1370, 2005.

[23] W. S. Mezzanotte, D. J. Tangel, and D. P. White, “Waking
genioglossal electromyogram in sleep apnea patients versus
normal controls (a neuromuscular compensatory mecha-
nism),” Journal of Clinical Investigation, vol. 89, no. 5,
pp. 1571–1579, 1992.

[24] J. C. Leiter, “Upper airway shape: is it important in the
pathogenesis of obstructive sleep apnea?” American Journal of
Respiratory and Critical Care Medicine, vol. 153, no. 3,
pp. 894–898, 1996.

[25] J. L. Staufer, C. W. Zwillich, R. J. Cadieux et al., “Pharyngeal
size and resistance in obstructive sleep apnea,” American

Review of Respiratory Disease, vol. 136, no. 3, pp. 623–627,
1987.

[26] P. R. Eastwood, I. Szollosi, P. R. Platt, and D. R. Hillman,
“Comparison of upper airway collapse during general an-
aesthesia and sleep,” Te Lancet, vol. 359, no. 9313,
pp. 1207–1209, 2002.

[27] M. E. S. Maciel Santos, N. S. Rocha, J. R. Laureano Filho,
E. M. Ferraz, and J. M. Campos, “Obstructive sleep
apnea–hypopnea syndrome—the role of bariatric and max-
illofacial surgeries,” Obesity Surgery, vol. 19, no. 6, pp. 796–
801, 2009.

[28] M. E. Santos, J. R. Laureano Filho, R. I. Campello,
J. M. Campos, and A. A. Ferraz, “Improvement in respiration
and craniofacial changes associated with weight loss after
bariatric surgery,” Journal of Oral and Maxillofacial Surgery,
vol. 69, no. 6, pp. e177–e185, 2011.

[29] M. Gazayerli, W. Bleibel, A. Elhorr, and E. Elakkary, “Te
shape of the epiglottis refects improvement in upper airway
obstruction after weight loss,” Obesity Surgery, vol. 16, no. 7,
pp. 945–947, 2006.

[30] H. M. Hou, U. Hagg, K. Sam et al., “Dentofacial characteristics
of Chinese obstructive sleep apnea patients in relation to
obesity and severity,” Te Angle Orthodontist, vol. 76, no. 6,
pp. 962–969, 2006.

[31] K. Sutherland, B. T. Keenan, L. Bittencourt et al., “A global
comparison of anatomic risk factors and their relationship to
obstructive sleep apnea severity in clinical samples,” Journal of
Clinical Sleep Medicine, vol. 15, no. 04, pp. 629–639, 2019.

Anesthesiology Research and Practice 7




