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Study Objectives: The modified Mallampati (MM) grade and Friedman tongue position (FTP) are commonly used scales that assess the oropharynx during
evaluation for obstructive sleep apnea (OSA). Though used by many practitioners, there is controversy in the literature regarding their practical utility. The goal of
this review will be to review the history of how the MM and FTP were developed, to discuss current evidence for their usefulness in the workup of OSA, and to

provide future direction to better understand their utility in the workup of OSA.

Methods: We searched the literature (PubMed) for the terms “modified Mallampati” and “Friedman tongue position.” Articles were selected based on our study
objectives emphasizing articles discussing the utility of MM and FTP in managing OSA.

Conclusions: MM and FTP have the potential to be useful assessment tools in the evaluation of OSA. When performing this examination, it is important for
physicians and other medical providers to understand the pitfalls of the MM and FTP including the potential difficulty in performing the exam and the lack of
consistency between examiners in both the terminology and execution of this physical exam finding. Better methods to standardize the assessment are necessary
to ensure consistent evaluation among individual examiners while at the same time keeping the method simple and convenient for wide use as a clinical

screening tool.
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INTRODUCTION

Obstructive sleep apnea (OSA) is amajor health epidemic in the
United States with an estimated 22 million people having
the disorder.' Diagnosis is confirmed by polysomnography in
the laboratory, or more commonly by using a portable home
sleep apnea testing (HSAT) device.>® However, in-laboratory
polysomnography is expensive to perform and often considered
burdensome by patients. HSAT is a more convenient and in-
expensive alternative for the evaluation of OSA, but ultimately,
evaluation and testing, even with HSAT, is still a limited re-
source. Ultimately, physicians and other medical providers rely
on a variety of clinical history and physical examination findings
to determine whether to obtain these tests.

Examination of the oral cavity and oropharyngeal crowding is
one such physical examination finding that is commonly evalu-
ated in determining risk for OSA. The modified Mallampati (MM)
grade and Friedman tongue position (FTP) are commonly used to
describe how crowded the pharynx is during assessment for OSA.
However, despite its widespread use as part of the physical ex-
amination during initial sleep disorder evaluations, there is debate
as to whether this examination finding is useful in helping de-
termine the risk for OSA and whether the findings change man-
agement. The goal of this review will be to review the history of
how the MM and FTP were developed, to discuss current evidence
for its usefulness in the workup of OSA, and to provide future
direction to better understand its utility in the workup of OSA.
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Modified Mallampati grade

The Mallampati grade was first developed by Seshagiri
Mallamapati in 1985.% He was an anesthesiologist who sought
to predict the risk of difficult intubation based on mouth opening.
In a time period without modern-day fiberoptic laryngoscopes,
the ability to predict difficult intubations was of significant
importance in anesthesia as failure to do so could lead to life-
threatening airway emergencies. To perform the examina-
tion, patients were asked to sit with their head in neutral
position and to open their mouths fully while sticking out
their tongues maximally. Using a simple three-grade clas-
sification based on whether Mallampati could visualize the
tonsillar pillars, uvula, and soft palate, he showed correla-
tion between Mallampati grade and view of the airway on
direct laryngoscopy.

Samsoon and Young® reported a modification of the
Mallampati grade when they retrospectively reviewed a
cohort of difficult intubations at their institution. They
noted that in some patients even the soft palate was diffi-
cult to visualize and they added an additional classifica-
tion, grade 4, where only the hard palate was able to be
visualized.” This was the first modification to the original
Mallampati grade (Figure 1).

Friedman tongue position
Friedman et al® performed a prospective study of 172 patients
who were being evaluated for OSA. He performed a further
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Figure 1—Diagram of modified Mallampai (upper row) and Friedman tongue position (lower row) grades.

@
.

modified version of the Mallampati examination where he
asked the patient sit upright with their head in neutral position
and had them open their mouth without sticking their tongue
out (Figure 1). He initially called this a “modified Mallampati”
grade but later changed the term to “Friedman tongue posi-
tion.” He found a statistically significant correlation between
his FTP grade and the apnea-hypopnea index (AHI) severity
(r=.340, P <001).°

Confusion of nomenclature

It is worth noting that there is confusion within the literature
regarding the descriptions of MM and FTP. MM was originally
coined by Samsoon and Young when they described the ad-
dition of grade 4 to the original scale that Mallampati devel-
oped in assessing for difficult intubation risk.’ This technique,
as previously mentioned, includes having patients stick their
tongues out maximally. However, in his initial description of
his methods for assessing OSA risk, Friedman also used the
term “modified Mallampati” to describe a physical examination
where the patient’s mouth is open but the tongue is left in
the oral cavity. On subsequent publications, Friedman had
changed the name of his method to “Friedman palate position,”
then to “Friedman tongue position” to further emphasize that
it was the tongue that played an important role in assessing
OSA risk.” It is unclear whether this was also done to partially
clarify the confusion between his method and the MM that
Samsoon and Young already described. Regardless, MM is
still being used to describe both examinations with the tongue
either protruded or in neutral position in the mouth. The lit-
erature continues to mix the use of the terms, and it is impor-
tant for one who is reviewing the literature to check the methods
described in order to know which technique was used, spe-
cifically whether the tongue is kept in or out of the mouth
during the examination. For the purposes of this review, we
will continue describing MM as an examination with the tongue
protruded and the FTP as an examination with the tongue in
neutral position within the mouth regardless of what each
primary source called it.
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USE OF MM/FTP IN ASSESSING OSA RISK

The first use of MM in the assessment of OSA was performed
by Hiremath et al.® Comparing 15 patients with documented
difficult intubations to 15 healthy control patients, they found
a statistically significant difference in the incidence of OSA
among the patients who were difficult to intubate. The authors
concluded that OSA was a risk factor for difficult intubation.
When comparing physical examination findings, higher MM
grades were associated with both increased risk of difficult
intubation and OSA.

Since that time, several studies have shown an associa-
tion between both MM and FTP to OSA risk. Nuckton et al’
assessed 137 patients with suspected OSA and performed
multivariate analysis to evaluate for independent risk factors for
OSA. They found MM grade to be an independent risk factor for
OSA with an odds ratio of 2.5 for every 1 point increase in
MM.° Dahlqgvistetal'® showed that MM grade 3 or above was an
independent risk factor for an AHI > 15 events/h, which was
statistically significant in men (odds ratio [OR] 1.7, 95%
confidence interval [95% CI] 1.07-2.69) but not significant
inwomen (OR 2.09,95% C10.79-5.46).'° Ramachandran etal"!
used numerous independently associated risk factors to develop
an OSA risk scoring system for which MM grade 3 and above was
noted to be a statistically significant risk factor (B coefficient =
367, P<.001)."! Friedman et al” performed a meta-analysis of
8 separate studies with a total of 1,358 patients looking at
both MM and FTP in assessing AHI and OSA. The results of
the meta-analysis found statistically significant correlations
between AHI severity and both MM (.184, P =.006) and FTP
(.388, P = .026). Schwab et al'> compared digital morpho-
metrics along with conventional physical examination find-
ings including FTP in 542 patients with a diagnosis of OSA. They
found that higher FTP grades were associated with both increased
risk for OSA as well as AHI severity.'?

MM or FTP can also be incorporated into scoring systems
to better screen for OSA risk. Avincsal et al reported on a
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scoring system that included both MM and the STOP-BANG
questionnaire, a validated screening questionnaire with a high
sensitivity but low specificity.'*:'* In their scoring system a MM
grade of 3 or greater was assigned a value of 1, which was
added to the STOP-BANG score. They found that MM grades
of 3 and 4 in combination with the STOP-BANG score in-
creased the specificity of detecting an AHI > 15 events/h from
10.6% to 26%."* Lin et al'® used FTP and several other pa-
rameters to develop a linear regression model that output an
OSA score. With this model, they determined at an OSA score
of 6.25 had a sensitivity of 84% and specificity of 58% in
predicting OSA with an AHI > 5 events/h.'?

The limited utility of MM/FTP

Although several sources in the literature suggest an association
between MM/FTP and OSA risk, there is still debate about its
practical applicability. Bins et al'® performed a systematic re-
view of eight studies that reported on MM and OSA. They
showed that when patients were stratified based on MM grading,
those with grades 1-2 had a 1% to 13% decrease in the prob-
ability of having OSA, whereas grades 3—4 had a zero to 11%
increase in the probability of having OSA.'® These were not
considered statistically significant. The authors concluded that
MM provides no practical value in predicting OSA and likely
would not change management.

Returning to Friedman’s initial study and subsequent meta-
analysis of FTP in predicting OSA severity, he notes a statis-
tically significant correlation between FTP and AHI.®"!” The
average correlation coefficient from the studies was .388
(P =.026), which is not a strong correlation. In fact, Friedman
notes that with linear regression modeling, FTP only contrib-
uted to 12% of the variance in AHI seen in OSA. Although this
was statistically significant, P = .026, it does call into question
its utility in a clinical setting given such a small contribution to
the effects on predicting OSA and AHI severity.

Although the use of MM/FTP may have limited utility in
predicting the severity of OSA, it may be useful in ruling out
OSA. Screening to rule out OSA with MM/FTP values of 1 or 2
could be beneficial in the clinical setting. Hukins'® performed a
retrospective study looking at 953 patients being evaluated for
OSA by PSG and analyzed the ability of MM to both predict
severe OSA with high grades and to rule out OSA with low
grades.'® Like Friedman, Hukins found a statistically significant
but weak correlation between MM and AHI (»=.13, P <.001)
that in their study translated into MM only explaining 1.7% of
the variability in AHI. When they looked atusing MM grade 1
to rule out OSA as defined by them as an AHI < 5 events/h,
they had a sensitivity of 13% and a specificity of 92%. The
investigators converted the sensitivity and specificity to like-
lihood ratios, a validated metric for assessing diagnostic
accuracy.'” A MM grade 1 has a positive likelihood ratio of
1.63 for predicting an AHI < 5 events/h. A likelihood ratio
between 1 and 2 is considered to have anegligible effect (< 15%)
inmodifying the pretest probability of the outcome of interest
and their conclusion was that MM grade 1 was not clinical
useful in ruling out OSA.

The prevalence of the disease and pretest probability of the
likelihood of having OSA is also important when determining
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the utility of screening tools. Hukins'® comment that their study
population was selected from a sleep clinic where patients were
already referred for concern of OSA. Therefore, there is likely
a higher prevalence and a higher pretest probability of having
OSA among these patients compared to the general population.
As prevalence increases, the negative predictive value of a
test decreases and so use of a MM grade 1 to rule out OSA may
generate a high false-negative rate. This does not mean that
use of the MM/FTP as a screening tool would be less useful in
the general population, but further studies are needed to make
this determination.

The interexaminer reliability of MM/FTP

It is interesting to note that in the meta-analysis performed by
Friedman et al, one study had an R coefficient of .88, which
suggests a very strong correlation that was larger than any of the
other seven studies.” This study compared multiple physical
examination findings and AHI severity among 300 patients.?
The average age, body mass index, and AHI were not signifi-
cantly different from the other studies included in the meta-
analysis. One possible explanation for the strong correlation
is that in this study, the FTP was evaluated by a single oto-
laryngologist. Referring back to Nuckton et al, ? this study also
relied on a single physician to perform the physical exami-
nation when determining that MM was an independent risk
factor for OSA. These studies relied on a single examiner for
their grading schemes and a critique of both MM and FTP is
that there is poor interexaminer agreement that can affect
their predictive value.

Physical examination findings can be subjective in nature
and the assessment of visualization of various landmarks may
be difficult to standardize, which gives rise to poor inter-
examiner reliability and agreement. There continues to be
debate regarding the interobserver reliability of these tests in
both the anesthesia literature and in the sleep apnea literature.
Only a handful of studies have looked into the interexaminer
reliability of MM and FTP.

Within the anesthesia literature, Karkouti et al*' compared
10 screening tools for assessment of difficult intubation, in-
cluding MM. In this prospective study of 59 patients under-
going elective surgery, they found that for MM the interrater
reliability kappa coefficient (k) was .31, which is considered
poorly correlated.”! When discussing the poor correlation, the
investigators noted that the original instructions for MM staging
were somewhat vague and “prone to classification errors.”?'
Rosenstock et al** performed a prospective study of 120 pa-
tients undergoing elective study comparing 6 tools for assess-
ment of difficult intubation including Mallampati grading and
had an interrater reliability (k) of .8 among experienced
anesthesiologists.”> However, the grading system used con-
sisted of only grades 1-3 as originally described by Mallampati.
In their discussion, the investigators elaborated their decision
not to include the Samsoon and Young modification because
they found that this grading system was prone to significant
variation in interrater reliability.

In the OSA literature, Friedman et al** performed a study
to assess the interexaminer reliability of the FTP classification
in evaluating for OSA. They showed a k coefficient of .82,
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suggesting strong agreement among raters with his staging
method.” However, several aspects of the study were idealized.
In this study, 126 otolaryngologists were asked to examine
several video recordings of oral cavity examinations. By design,
videos were optimized examples of patient oral cavities; those
with poor quality examinations were excluded. Examiners were
also allowed to view the videos as many times as they needed
before making their decision.

Sundman et al** addressed this concern by having FTP
examinations performed on actual volunteers. A total of 15
otolaryngologists volunteered to perform FTP examinations
among each other and the interrater reliability k coefficient was
.36. A follow-up study where 14 otolaryngologists were asked
to evaluate 12 patients with a known diagnosis of OSA pro-
duced a similar « coefficient of .32.%° They concluded that FTP
findings varied widely among examiners, making it an unre-
liable physical examination finding.

Challenges when performing MM/FTP examinations
Changes are needed to improve reliability in the use of MM
and FTP among physicians and other medical providers. One
major issue is that the initial descriptions of the examinations
are actually quite vague when it relates to the dynamic changes
that may occur due to a patients breathing. In Mallampati and
Friedman’s respective original studies, there is no instruction on
the patient’s breathing pattern.*® This is important as the po-
sition of the soft palate will vary depending on whether a patient
is breathing through his mouth or nose. When breathing through
the nose with the mouth open, the soft palate descends to occlude
the oral cavity to allow the nasal passages to be the path of least
resistance into the airway.?® With this in mind, if the examination
is performed with the patient breathing from the mouth, the
soft palate would elevate to close off the nasopharynx and give
the appearance of a MM/FTP grade 1 or 2. If asked to breathe
nasally, the soft palate will descend against the base of
tongue and that very same patient may become a MM/FTP
grade 3 or 4 (Figure 2). Friedman et al*’ attempted to address
the issue with an update of how to perform the FTP with the
following instruction?’:

“To evaluate FTP, the clinician should ask the patient

to open his/her mouth widely, a minimum of 5 times. This

allows the observer to assign the most consistent po-

sition of the tongue. The patient should also be instructed

to breathe normally while leaving the tongue in its
natural position.”

It is apparent that an individual’s oral cavity examination may
vary requiring at least the average of 5 separate evaluations prior
to confirming the grade. Even in Mallampati’s original description
of this examination, patients performed the examination a
minimum of two times in order to decrease inconsistency.*
Such instructions render both the MM and FTP assessments
impractical as medical providers are unlikely to reattempt oral
cavity examinations several times in the clinical setting.
Moreover, the term “breathe normally” is vague and does not
address the concern of palatal positioning based on either nasal
or mouth breathing. Physicians and other medical providers
should be aware of the challenges in terms of the definition of
proper technique when they are performing their examination.
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Figure 2—Soft palate and tongue position.

During oral breathing (A), the soft palate is elevated to close off the
oropharynx from the nasopharynx giving a Friedman tongue position
grade 1appearance. During nasal breathing (B), the soft palate lowers and
there is elevation of the base of tongue which can give the appearance of
Friedman tongue position grade 3 in the same patient.

In this reviewer’s experience, given the variation of soft palate
and tongue position, patients should be instructed to slowly
breathe through the mouth as this provides a clear and easily
understandable instruction to allow consistency to the ex-
amination and will not cause artificial lowering of the soft
palate in nasal breathing nor artificial elevation of the pal-
ate that can occur with heavy breathing. However, fur-
ther clarification and standardization of the examination
methods is required in order to allow for accurate reporting
of findings and improve the predictive value of either the MM
or the FTP.

FUTURE DIRECTIONS

Improvements to standardize the MM and FTP evaluations can
include strategies such as using standardized equipment to
position and open a patient’s mouth for evaluation, taking
multiple photographs to control for the dynamic variability of
pharyngeal movement, or use of machine learning algorithms
to improve accuracy of grading. As noted earlier, Schwab et al'?
performed FTP examinations along with other oropharyngeal
measurements by using a digital camera and a laser ruler to obtain
precise objective measurements of the oropharyngeal airway.
One appeal of using MM/FTP during the clinical evaluation
is that these assessments are relatively quick and easy ex-
aminations that require only a penlight to perform. Addition
of other equipment or complicated instructions may affect a
clinician’s workflow in the office, thereby making the exam-
ination more difficult to perform which may, in turn, influence
its utility in the clinical setting.

It is important for medical providers to recognize as OSA a
complex disorder that is a culmination of multiple physiologic
factors and cannot be fully described by a single physical ex-
amination finding. Studies looking into how demographics
and other medical comorbidities influence the predictive value
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of MM/FTP have been limited. Only one study in our search in
the literature compared MM/FTP among different demographics.
As previously noted, Dahlqvist et al'® showed that higher MM
grades were associated with increased odds of having OSA
among men but not among women. This suggests the value of
MM/FTP may differ based on sex. Further studies looking at
differences in MM/FTP when compared to age, race, or other
demographic factors are needed to better to determine if MM/
FTP may be amore or less valuable examination finding under
specific circumstances.

The definition of OSA itself has also evolved over time and
will likely continue to evolve into the future. Obstructive ap-
neas were defined as a total cessation of airflow of greater than
10 seconds in all referenced studies. However, the definitions
for obstructive hypopneas varied among the studies. Whether
different definitions of obstructive hypopneas could influence
the diagnostic utility of MM/FTP is beyond the scope of this
review, but as our understanding of OSA continues to de-
velop, and our definitions for the diagnosis of OSA continue to
evolve, we may find that the predictive value of MM/FTP may
also change.

CONCLUSIONS

Given the body of literature, it may seem that both the MM and
FTP are difficult subjective assessments with little significance
correlating the risk of OSA. However, there is also evidence
that MM and FTP can be useful tools in assessment of risk for
OSA and potentially severity. Although it may have limited
predictive value as an independent risk factor, it may still play
a role when incorporated into the overall clinical picture of an
individual patient and still has the potential to play a role in
screening for OSA. When performing this examination, it is
important for physicians and other medical providers to under-
stand the limitations of the MM and FTP including the potential
difficulty in performing the examination and the lack of con-
sistency between examiners in both the terminology and exe-
cution of this physical examination finding. Better methods to
standardize the assessment are necessary to ensure consistent
evaluation among individual examiners while at the same time
keeping the method simple and convenient for wide use as
a clinical screening tool. Further study of MM/FTP among
subgroups of the OSA population, particularly among those
patients with different demographic characteristics, may also
help us better determine when MM/FTP may be more or less
important. Ultimately, a better understanding of the MM and
FTP, their strengths and weaknesses in evaluating OSA, and the
future potential to improve these examinations will serve to
better inform physicians and other medical providers in their
medical decision making.

ABBREVIATIONS

AHI, apnea-hypopnea index
FTP, Friedman tongue position
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MM, modified Mallampati
OSA, obstructive sleep apnea
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