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Previsional space during direct laryngoscopy
Implication in the difficult laryngoscopy
Seongjoo Park, MD, PhDa, Ji-Won Han, MDa, Sukwon Cha, PhDb, Sung-Hee Han, MD, PhDa,
Jin-Hee Kim, MD, PhDa,∗

Abstract
The laryngoscope should displace oral soft tissues forward out of the operator’s vision. Therefore, the space in front of the view may
be critical for determining the laryngoscopic view. The aim was to investigate the difference in the previsional space during difficult
versus easy laryngoscopy (EL).
Under general anesthesia, digital photographs of the lateral view of the head and neck were taken in the horizontal sniffing position,

after head extension, and during laryngoscopy with a defined force (50N). Three points (thyroid notch (T), maxillary incisor (I), and
mandibular mentum (M)) were marked on the photograph. The previsional space was defined as the TIM triangle. We compared
these areas and other variables of the TIM triangle between male patients with difficult laryngoscopy (DL: Cormack–Lehane III–IV, n=
12) versus those of age- and body mass index-matched male patients with EL (Cormack–Lehane I–II, n=12).
When the head was extended, the areas TIM triangle in DL were significantly smaller than in EL. During laryngoscopy, all values of

the TIM triangle in DL, including the TIM area (16.4±3.7 vs 22.6±2.8cm2, P< .01), were significantly smaller than the values in EL.
The previsional space was smaller in patients with DL than in those with EL. The TIM triangle could suggest new way to explain the

mechanism underlying DL.

Abbreviations: ASA = American Society of Anesthesiologists, DL = difficult laryngoscopy, EL = easy laryngoscopy, Ext-50N =
difference between extended sniffing position and laryngoscopy, height = vertical line fromM to IT line, Hor-Ext = difference between
horizontal sniffing and extended sniffing position, IT line = line that connects the tip of the upper incisor (I) and thyroid notch (T), LV =
line of vision, MI line = line that connects mandibular mentum (M) and the tip of the upper incisor (I), TIM triangle = the triangle
composed of 3 points T, I, and M, TM line = line that connects thyroid notch (T) and mandibular mentum (M).
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1. Introduction

Difficult tracheal intubation may lead to a detrimental
complication and death.[1–3] According to the closed claims
analysis of the American Society of Anesthesiologists,[3] 67% of
difficult airway claims were due to complications associated with
induction. Persistent failure of tracheal intubation is highly
associated with brain damage and death in an emergency
situation. Although diverse tools and methods have been
developed to get around difficult intubation, most of them are
associated with poor outcomes.[3] Direct laryngoscopy is still the
standard method of tracheal intubation in clinical practice.
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Considering the poor predictability of difficult laryngoscopy (DL)
and the risk posed by unpredicted DL,[3,4] it is imperative to
elucidate the mechanism underlying DL to avoid life-threatening
complications.
Successful laryngoscopy depends on achieving a clear line of

vision (LV) from the maxillary incisors to the larynx. The LV is
obscured by oropharyngeal soft tissues, including the tongue,
hyoid bone and epiglottis, before laryngoscopy. Although some
part of the tongue can be displaced to the left side by the flange of
the laryngoscopic blade, the laryngoscope should displace the
residual soft tissues into a limited space (previsional space), which
is in front of the LV but is confined to the mandibular mentum
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Figure 1. TIM triangle (previsional space) on the lateral photographs during laryngoscopy. Definitions of the 3 points: T= thyroid notch, I= tip of themaxillary incisor,
M=mandibular mentum. Definition of the lines: TM line= line that connects thyroid notch (T) and mandibular mentum (M), MI line= line that connects mandibular
mentum (M) and the tip of the upper incisor (I), IT line= line that connects the tip of the upper incisor (I) and thyroid notch (T), height=vertical line fromM to IT line. TIM
triangle= the triangle composed of 3 points T, I, and M (A). During laryngoscopy, the TIM triangle (previsional space) is expanded enough to contain the tongue
volume, which make the line of vision reach the larynx in patient with easy laryngoscopy (B). On the other hand, the TIM triangle is too small to contain the tongue in
patient with difficult laryngoscopy, making the larynx out of reach of the line of vision (C).
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(Fig. 1). Accordingly, the size of the space could influence the
displacement of the soft tissues and the establishment of the LV,
which affects the performance of tracheal intubation.
We defined the previsional space as the TIM triangle, which is

composed of 3 anatomical points (thyroid notch, maxillary
incisor, and mentum of mandible) in the lateral head and neck
view. Our hypothesis was that the patients with DL would have a
smaller previsional space than the patients with easy laryngosco-
py (EL) during direct laryngoscopy. To test this hypothesis, the
area and components of the TIM triangle were assessed in the
sniffing position, the sniffing position combined with neck
extension, and during direct laryngoscopy using lateral photog-
raphy. The results were compared between patients who had EL
and those who had DL.
2. Materials and methods

The study protocol was approved by the Institutional Review
Board of Seoul National University Bundang Hospital and
registered at the Clinical Research information Service (CRiS;
http://cris.nih.go.kr; registration number: KCT0001009). Writ-
ten informed consent was obtained from each patient. The study
was conducted between January 2014 and August 2014. Among
about 1200 patients screened, total of 24 male patients (ASA
classes I–II) requiring general anesthesia were enrolled in this
controlled, nonrandomized, observational study. Patients with
ASA class≥ III, dentures, absence of upper incisor, a history of
2

cervical spine surgery or cervical herniated intervertebral disc,
craniofacial anomalies, or a history of psychological disease with
or without psychoactive drug use, were excluded. We first
recruited 13 patients to the DL group due to the presence of
multiple positive predictors, such as Mallampati class≥3, a
thyromental distance�65mm, or a receding mandible.[5] Direct
laryngoscopy was easy in 1 of these 13 patients, who was
reassigned to the EL (Cormack–Lehane I–II) group after age and
body mass index matching to the DL (Cormack–Lehane III–IV)
group. Additional 11 patients without positive predictors, who
were matched based on age and body mass index to DL group
patients, were assigned to the EL group. Laryngoscopy was easy
in all of these patients.
2.1. Anesthesia induction

All patients were premedicated with intravenous midazolam at
0.03mg/kg. Electrocardiogram, noninvasive blood pressure, and
peripheral oxygen saturation were continuously monitored. For
the induction of general anesthesia, 1.2 to 1.5mg/kg propofol was
infused intravenously; remifentanil was administered intravenous-
ly using a target-controlled infusion system with target concen-
trations of 2 to 4ng/mL.Muscle paralysis was induced by injecting
a muscle relaxant (0.6mg/kg rocuronium). Anesthesia was
maintained with continuous infusion of remifentanil and supple-
mental inhalation of 3% to 6% sevoflurane with positive-pressure
mask ventilation. Direct laryngoscopy was performed using #4
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curved blade laryngoscope (Welch Allyn, Skaneateles Falls, NY)
after the loss of all 4 twitches on the train-of-four stimulation.
2.2. Measurement of force

Ametallic sheath designed to cover the laryngoscopic handle was
developed. A transducer (247ST; K-TOYO, Euijeongbu, Korea)
was placed between the sheath and the handle to measure the
axial force loaded onto the handle[6,7] (Fig. 2). A NI cDAQ-9172
data acquisition system (National Instrument, Austin, TX)
converted signals into measured laryngoscopic forces, with
values displayed on the monitor of a laptop computer. Data
collection programs were generated using the LabVIEW software
package (ver. 8.5; National Instruments), and the data acquisi-
tion rate was 10Hz. The MATLAB program (MathWorks,
Natick, MA) was used for data analysis, and the laryngoscope
was calibrated before each experiment.

2.3. Experimental procedures and measurements

Laryngoscopic forces were measured by the similar methods
which were described in our previous research.[7] All measure-
ments were performed with patients under general anesthesia in
the supine position; sniffing position was achieved with a 7-cm-
high hard pillow under the patient’s head. During the procedure,
the patient’s head was fully extended, the maxillary incisors were
exposed by lifting the upper lip with adhesive tape, and the
thyroid notch was identified by an assistant with an indicator. A
goniometer was attached tightly to the patient’s forehead to
measure neck extension. The lateral photograph of the head and
neck was taken with a digital camera (EOS 5D Mark II, Canon,
Tokyo, Japan) during each of the 3 steps listed below. The lens of
the camera was placed 1m from the patient, at the level of the
mandible while in the sniffing position.
1.
Fig
she
de
lary
loa
the
Horizontal sniffing position: simple sniffing position without
head extension.
Extended sniffing position: head was extended maximally.
2.
ure 2. Diagram of the laryngoscope designed for this experiment. A metal
ath was designed to cover the entire laryngoscope handle. A transducer
tecting the stretch force was placed between the upper end of the
ngoscopic handle and the sheath. During laryngoscopy, the axial forces
ded on the handle were checked and converted to electrical signals through
transducer.

3

3.
 50N: the axial force reached 50N at extended sniffing
position.

Laryngoscopic force was recorded on a laptop computer in
seconds. As the laryngoscopic force started to increase, axial
force was monitored by an assistant. When the force reached its
maximum (50N), the operator maintained that force and the
laryngoscopic view, for 2 to 3seconds to obtain an image. The
operator attempted to keep the patient’s neck fully extended with
his right hand throughout the experiment, and the assistant
checked the angle of the goniometer continuously. The
laryngoscopic view at 50N was recorded using the Cormack–-
Lehane grade, defined as follows: I, the majority of the glottis is
visible; II, only the posterior portion of the glottis is visible; III, no
part of the glottis is visible and only the epiglottis can be
observed; and IV, not even the epiglottis is visible.[8]

In previous reports, the maximum laryngoscopic force
required for the optimal laryngoscopic view ranged between
27.1 and 57N.[6,9,10] Although laryngoscopic forces >50N can
be generated, such forces would increase the risk of tissue trauma.
Therefore, the laryngoscopic force was limited to 50N.[7]

After step 3, tracheal intubation was performed and
mechanical ventilation was started. All measurements were
completed within 40seconds and were terminated before oxygen
saturation decreased to 98%. Two anesthesiologists, who were
experts in tracheal intubation with direct laryngoscope, per-
formed the experiment. One anesthesiologist, whowas blinded to
the study design, printed the photographs, identified the
anatomical landmarks, and measured the parameters associated
with the TIM triangle.

2.4. Measurements of variables related to the TIM triangle

Figure 1 depicts the lateral photographs from an easy (B) and DL
(C) during direct laryngoscopy. Anatomical landmarks (maxil-
lary incisor, I; thyroid notch, T; and mandibular mentum, M)
were identified. The TIM triangle was defined as a triangle
comprising the 3 points T, I, and M. The length of the 3 sides of
the triangle (TI, IM, and TM) were measured and converted to
real values using the reduction ratio of the size of the
laryngoscopic handle on the photographs. The area of the
TIM triangle and its height (the perpendicular line fromM to the
IT line) was calculated using Heron formula. The lengths of the 3
sides were denoted by a, b, and c, and the area of the triangle was
expressed as follows:

Area ofD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s s� að Þ s� bð Þ s� cð Þ

q
; s ¼ aþ bþ c

2

The height of the TIM triangle was expressed as follows:

Height ¼ 2 � Area ofDð Þ=IT length

The primary outcomes were the differences in the area and
components of the TIM triangle between the EL and DL groups.
Secondary outcomes included the differences of the changes in the
area and components of the TIM triangle from extended sniffing
position to maximal laryngoscopic force between the EL and DL
groups.

2.5. Statistical analyses

Primary outcome was the area of the TIM triangle. In a pilot
study, the mean area of the TIM triangle, with a laryngoscopic
force of 50N, was 25.5±3.9cm2. We considered a 20% change
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Table 1

Demographic data and results of perioperative airway assessment
for the patients with difficult laryngoscopy (DL) and without
difficult laryngoscopy (EL).

EL DL P

Age, y 63.5 (9.6) 63.8 (11.1) .954
Weight, kg 67.0 (5.9) 69.7 (6.6) .292
Height, cm 164.9 (5.6) 167.5 (4.8) .231
Body mass index, kg/m2 24.6 (1.7) 24.8 (1.8) .783
Thyromental distance, mm 83.3 (5.8) 75.0 (5.2) .001
Neck extension, ° 21.0 (4.2) 15.9 (5.6) .021
Mallampati class, I/II/III/IV 5/6/1/0 1/1/7/3 <.001

Values are mean (SD) or number of patients.
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in the TIM area to be clinically significant. With a=0.05 and b=
0.1, 11 patients were required to detect this change. Considering
a 10% dropout rate, we estimated that 12 patients would be
required in each group. A normality test was performed for all
measured values in each group, and all of the variables of the TIM
triangle were normally distributed. To compare values among
groups, a t test was performed for continuous variables, while x2

tests were performed for categorical variables. Spearman
correlation analysis was used to assess the correlation between
clinical predictors of difficult intubation and prelaryngoscopi-
cally measured values in the TIM triangle, and between values
obtained in the extended sniffing position and under maximal
laryngoscopic force. A value of P< .05 was taken to indicate
statistical significance. All data are presented as means±SD. All
analyses were performed using the SPSS for Windows software
package (ver. 18.0; SPSS, Inc., Chicago, IL).
3. Results

The demographic data and perioperative airway assessments for
both groups are described in Table 1. Age and body mass index
were not different between the 2 groups. However, there were
significant differences in the thyromental distance, neck extension
and Mallampati class (P< .05).
3.1. The area of the TIM triangle (TIM area) is smaller in
DL than in EL

In the horizontal sniffing position, there was no difference in the
TIM area, although the height of the TIM triangle was shorter in
Figure 3. Area and other variables of TIM triangle in patients with difficult laryngosc
difficult laryngoscopy, EL=easy laryngoscopy, Ext-50N=difference between exten
line, Hor-Ext=difference between horizontal sniffing and extended sniffing position
composed of 3 points T, I, and M, TM= line that connect T and M.
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the DL group than in the EL group (Fig. 3). After neck extension
in the sniffing position, however, the TIM area, the length of the
TM, and the height of the TIM triangle in the DL group were
significantly smaller than in the EL group. During laryngoscopy
with maximum force (50N), all values of the TIM triangle,
including the TIM area, were significantly smaller in the DL
group compared to the EL group (Figs. 1B and C and 2).

3.2. Patients with small TIM triangles during laryngoscopy
also had small TIM triangles in the extended sniffing
position

Most of the values of the TIM triangle in the extended sniffing
position were correlated with the values during laryngoscopy
(Table 2). Among them, the TM length showed the highest
opy and easy laryngoscopy.
∗
P< .05 vs DL group; ¶P< .01 vs DL group. DL=

ded sniffing position and laryngoscopy, height=straight distance from M to IT
, IT= line that connect I and T, MI line= line that connect M and I, TIM= triangle



Table 2

Correlation of values between in the extended position and under maximal laryngoscopic force and correlation between clinical
predictors and prelaryngoscopically measured values in TIM triangle.

Clinical predictors

Correlation of values between in the extended position
and under maximal laryngoscopic force Mallampati Neck extension

Thyromental
distance

Height (horizontal) NA �0.271 (0.211) 0.156 (0.476) 0.301 (0.162)
TIM area (horizontal) NA �0.332 (0.121) 0.038 (0.865) 0.367 (0.085)
TM (extension) 0.901 (<0.001) �0.508 (0.013) 0.370 (0.082) 0.631 (0.001)
MI (extension) 0.311 (0.139) 0.003 (0.991) 0.193 (0.379) 0.206 (0.346)
IT (extension) 0.789 (<0.001) �0.449 (0.032) 0.317 (0.140) 0.546 (0.007)
Height (extension) 0.763 (<0.001) �0.324 (0.131) 0.409 (0.053) 0.594 (0.003)
TIM area (extension) 0.828 (<0.001) �0.418 (0.047) 0.450 (0.031) 0.685 (<0.001)

Values are Spearman rho (P-value).
Height (extension)=height at extended sniffing position, height (horizontal)=height at horizontal sniffing position, height= straight distance from M to IT line, IT (extension)= IT length at extended sniffing position,
IT= line that connects I and T, MI (extension)=MI length at extended sniffing position, MI line= line that connects M and I, NA=not applicable, TIM area (extension)= the area of TIM triangle at extended sniffing
position, TIM area (horizontal)= area of TIM triangle at horizontal sniffing position, TIM= triangle composed of 3 points T, I, and M, TM (extension)=TM length at extended sniffing position, TM= line that connects
T and M.
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correlation. In addition, the change in the TIM area, the height,
and the TM length from the horizontal sniffing position to the
extended sniffing position was greater in the EL group than in the
DL group, but there was no significant difference in the change
from the extended sniffing position to laryngoscopy between the
2 groups (Fig. 3). These results suggest that the small previsional
space during DL might originate from the small space in the
extended sniffing position.
4. Discussion

In this study, we demonstrated that the previsional space (the area
of the TIM triangle) was significantly smaller during DL
compared to EL in the extended sniffing position, as well as
during direct laryngoscopy. The area of the TIM triangle in the
extended sniffing position was associated with clinical predictors
for DL.
According to the obstacle theory suggested by Isono,[5,11] the

sniffing position increases the submandibular space, which is
defined as the space between the mandibular mentum and the
thyroid notch (thyromental distance). A further increase in
the submandibular space during direct laryngoscopy allows for
the displacement of the anterior obstacles (tongue, epiglottis, and
mandible). However, failure to increase the submandibular space
impedes the displacement of the anterior obstacles and limits the
operator’s view. Consistent with this theory, our results also
showed that patients in the DL group had a significantly shorter
TM length in the TIM triangle, which corresponded to the
submandibular space. Unfortunately, however, we hardly
noticed the displacement of the anterior obstacles through the
submandibular space in patients without DL. Instead, a
protruded submandibular space was frequently observed in
patients with DL. These results suggest that the submandibular
space, which is defined in one dimension, cannot act as a “gate or
space” to allow the displacement of the anterior obstacles rather
than a sign of space shortage or sufficiency for the anterior
obstacles to be displaced during laryngoscopy. Therefore, a new
concept is needed to explain the mechanism underlying DL in
terms of the capacity of higher dimensional space in which the
anterior obstacles can be confined in front of the LV during
laryngoscopy.
The TIM triangle (the previsional space) was defined as the

space between the mandibular mentum and the LV (maxillary
incisors–thyroid notch), which is obscured by the tongue when
5

the direct laryngoscope is not used. Therefore, a large previsional
space will make it easier for the operator to push the tongue aside
in front of the LV and clear the view to the larynx. Furthermore, a
small space will not provide sufficient space to contain the tongue
during laryngoscopy. Therefore, the residual part of the tongue
that is posterior to the LV will obscure the operator’s vision. Our
study demonstrated that the TIM area in DL was significantly
smaller than that in EL in the extended sniffing position and
during laryngoscopy. This is in line with our previous study
which showed that limited movement of LV causes DL.[7]

Additionally, the significant correlation of the TIM area in the
extended sniffing position and that during laryngoscopy might
also support our suggestion.
The previsional space is not fixed but changeable. The mentum

of the mandible, which is the anterior border of the space, is
anchored to the mandibular joint and is covered by skin over the
thyromental area. Therefore, the space can be expanded during
position change or direct laryngoscopy, but the extent of
expansion will be limited under the defined laryngoscopic force.
Our results showed that the TIM area was significantly increased
after neck extension during both EL and DL, which suggests that
neck extension not only shifts the posterior obstacles downward
but also expands the space into which the anterior obstacles can
be pushed before laryngoscopy. However, the extent of the
increase in the previsional space was different between the 2
groups. The EL group showed a significantly greater increase in
the TIM area from the horizontal to the extended sniffing
position than the DL group (Fig. 3). The greater increase in the
previsional space might result in easier laryngoscopy.
The previsional space (TIM triangle) consists of several

components of the TIM triangle, and some of these components
are associated with clinical predictors for DL. First, the TM
corresponds to the thyromental distance, which is considered to
be a mandibular space.[12] The distance also reflects whether
tongue displacement during laryngoscopy will be easy or
difficult.[4] Consistent with this notion, our results demonstrated
that patients with DL had a short TM in the sniffing position and
then presented a small TIM area (previsional space) during
laryngoscopy. Second, a short interincisors distance can lead to a
shortMI. Significantly limitedmouth openingmay disrupt the LV
to the larynx.[13,14] However, the contribution of this factor to
DL is not fully known.[4] Although theMI during laryngoscopy in
the DL group was shorter than in the EL group in our study,
whether the short MI was due to the short interincisors distance
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or to other factors was not determined. Third, the height of the
TIM triangle (depth of previsional space) may be associated with
the growth of the mandible. The patients in the DL group in our
study had small mandibles and had shorter TIM triangle heights
compared to those in the EL group in the horizontal sniffing
position, extended sniffing position and even during laryngosco-
py. The previsional space is directly influenced by the height of
the TIM triangle (TIM area= IT�height of TIM). Therefore, a
receding mandible might cause a small previsional space because
of the small height of the TIM. Similar to the increased
submandibular angle in the lateral view,[15] the small height of the
TIM triangle can represent the receding mandible. In addition,
movement of the temporomandibular joint can also influence
direct laryngoscopy.[16,17] Stiffness of the joint limits not only
mouth opening but also forward movement of the mandible
during laryngoscopy. This limitation results in the failure to
increase the height and area of the TIM triangle.
Prediction of DL is necessary to prevent the life-threatening risk

caused by unpredicted DL. Compared to the value of each
predictor alone, a combination of the multiple clinical predictors
may increase the diagnostic value.[4,13] The TIM area is a product
of 3 side lines and the height of the TIM triangle, which are
associated with multiple clinical predictors for DL, such as
thyromental distance, receding mandible, mobility of the
temporomandibular joint, and the interincisor distance. Addi-
tionally, the TIM area in the EL group showed a greater
expansion from the horizontal to the extended sniffing position
compared to the DL group, but not from the extended sniffing
position to laryngoscopy. Nevertheless, conducted for the
anesthetized patients, these features might allow the TIM area
in the extended sniffing position to contribute to the prediction of
DL. Future studies are warranted to investigate the predictive
values during wakefulness for DL or intubation in a large patient
population.
Our study has some limitations. First, the previsional space was

defined by 2-dimensions, but the real tongue can be contained
only in 3-dimensional space during laryngoscopy. The laryngo-
scopic blade, however, is placed in the midline of the oral space,
and the tongue is compressed into the space along the midline
plane. Therefore, a 2-dimensional previsional space incorporat-
ing the maxillary incisor, larynx and mandibular mentum would
function no less than a 3-dimensional space containing the whole
tongue. Second, the conditions of intraoral structures such as the
volume of tongue or incisor teeth size were not considered. If a
successful laryngoscopy depends on the balance between the
tongue volume and the previsional space, the volume of the
tongue must also be evaluated. However, the tongue volume is
proportional to body mass index (BMI)[18,19] and the present
study was designed with BMI-matched patients. Therefore, our
results would be still valid, regardless of the tongue volume
measurement. In addition, the experiment was conducted in the
Korean male patients, so we believe that individual differences of
upper incisor sizes would not be significant. Finally, the values of
the TIM triangle were obtained via lateral view photographs.
Taking the photograph, measuring the values, and calculating the
TIM area can be time-demanding and cumbersome work. A
method to directly measure the values (e.g., with a compass or
dividers) might limit the necessary labor.
6

In conclusion, the previsional space (TIM triangle) during
direct laryngoscopy was smaller in patients with DL than in those
with EL. These results suggest that the TIM triangle could suggest
the advanced mechanism underlying DL.
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