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Abstract

Background

The head-tilt/chin-lift (HT/CL) maneuver is simple and routinely used to open a closed upper
airway.

Objectives

It has yet to be determined whether increasing the HT/CL angle further would be beneficial.

Methods

We enrolled 60 (30 males) 20-year-old conscious participants. Pre-HT/CL, post-HT/CL #1,
and post-HT/CL #2 positions were defined as positions in which the angle between the ear—
eye line and the horizontal line was 80°, 65°, and 50°, respectively. Peak exploratory flow
rates (PEFRs) pre-HT/CL, post-HT/CL #1, and post-HT/CL #2 positions were recorded con-
tinuously at 1-minute intervals (one set). Five sets of measurements were performed (total,
15 measurements for each participant).

Results

We analysed 900 measurements (180 sets). The mean PEFRs pre-HT/CL, post-HT/CL #1,
and post-HT/CL #2 positions were 348.4 + 96.9, 366.4 £ 104.9, and 378.8 + 111.2 L/min
(percentage change compared to pre-HT/CL, 5.2% and 8.7%), respectively. Significant dif-
ferences were observed among pre-HT/CL, post-HT/CL #1, and post-HT/CL #2 positions in
all participants, as well as in subgroup classified according to sex, and medians of height,
body weight, and body mass index.
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Conclusion

Our findings suggest that a greater HT/CL angle would be beneficial, as the PEFR increased
gradually. The decreasing manner in the PEFR increase with the HT/CL angle implies the
existence of an angle threshold beyond which there were no further benefits in airflow, indi-
cating a minimum in airway resistance. A HT/CL maneuver may be appropriate until locking
the atlanto-occipital and cervical spine joints in extension occurs and the chest (sternal
notch) begins to rise.

Introduction

The head-tilt/chin-lift (HT/CL) maneuver has long been recommended as a method of opening a
closed airway in unconscious patients without head or neck trauma. Many international guide-
lines have supported the use of this maneuver; however, there is limited clinical data available in
relation to the maneuver [1-4]. While the HT/CL maneuver is very simple in practice, questions
remain concerning the HT/CL angle because the HT/CL maneuver is not like turning a switch on
and off. First, the angle in which to open a closed airway remains to be determined. Second, after
a closed airway has opened, it has not been established whether additional angulation would be
beneficial (angulation dependency of an opened airway). These questions have yet to be resolved
because unconscious patients require immediate emergency management and are not able to be
measured or examined for purposes other than those required during such emergencies.

However, whether additional angulation would be beneficial may possibly be evaluated
among participants whose upper airway is already open and who are conscious, as this can be
directly determined through measuring the airway flow rate via the upper airway. Under the
same exploratory power conditions, resistance and flow rates are inversely proportional. If air-
way resistance decreased, the airway flow rate would be faster, and if airway resistance
increased, the airway flow rate would be slower. Based on this rationale, we previously exam-
ined the peak exploratory flow rate (PEFR) among conscious participants pre- and post-HT/
CL. The PEFR increased 9.6% with a 15° HT/CL maneuver angle [5]. The angle between the
ear-eye line (EEL) and the horizontal line (HL) (the EEL and HL angle) was 80° pre-HT/CL
and 65° post-HT/CL in that study.

We hypothesized that there would be an angle-dependent increase in post HT/CL PEFR in
conscious participants. In this study, we selected angles between the EEL and the HL of 80°,
65°, and 50° to examine this hypothesis.

Materials and methods
Ethical considerations

This study was approved by the Institutional Review Board of a Chonbuk National University
Hospital. After each participant was provided with a thorough explanation of the study proce-
dures using a visual supplement, participants voluntarily provided written informed consent
for enrollment. The individual pictured in Fig 1 has provided written informed consent (as
outlined in PLOS consent form) to publish their image alongside the manuscript.

Participants selection

Our previous study measured the PEFRs pre- and post-HT/CL. The mean pre-HT/CL PEFR
was 316.1 + 87.6 L/min, and the mean post-HT/CL PEFR was 346.5 + 94.7 L/min [5]. Based
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Fig 1. Pre-HT/CL position (panel A, EEL and HL 80°), post-HT/CL #1 position (panel B, EEL and HL 65°), and
post-HT/CL #2 position (panel C, EEL and HL 50°). The displayed model is not a study participant. Abbreviations:
EEL, ear-eye line; HL, horizontal line; HT/CL, head-tilt/chin-lift maneuver.

https://doi.org/10.1371/journal.pone.0224155.9001

on these results, we required a sample size of 60 participants to identify a mean difference of
30 L/min with 80% power and an alpha error of 5% for a no drop-out rate. As the PEFR refer-
ence value differed according to sex, we included 30 male and 30 female participants.

Between 1 November and 31 December 2018, 60 healthy 20-year-old participants were
enrolled. Exclusion criteria were as follows: 1) medical or nursing students who might possibly
have had a conflict of interest related to the authors’ affiliation with the School of Medicine; 2)
participants with concurrent upper or lower respiratory infections such as pharyngitis, bron-
chitis, or pneumonia; 3) participants with chronic airway diseases such as asthma or chronic
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obstructive pulmonary disease; 4) participants with pulmonary tuberculosis or related compli-
cations; 5) participants who were obese (body mass index [BMI] of >25) or underweight (BMI
<18.5); 6) participants with comorbidities such as hypertension, diabetes mellitus, chronic
liver disease, chronic renal disease, cardiovascular disease, cerebrovascular disease, or malig-
nancy; 7) participants with known sleep apnea with a possibly distorted upper respiratory air-
way; 8) participants with a condition limiting the adoption of a supine position such as
scoliosis; 9) participants with a condition limiting the adoption of the HT/CL position, and;
10) participants with other conditions deemed as inappropriate for study participation by the
authors [5].

Procedures and measurements

The PEFR represents a person’s maximum speed of expiration, measured using a peak flow-
meter. In this study, the PEFR was measured using a commercial hand-held device specifically
designed to measure the PEFR (MicroPeakTM, CareFusion, Basingstoke, UK). The measur-
able range is between 60 and 900 L/min and there is a scale increment of 10 L/min. The PEFR
values were rounded to the nearest one-tenth.

The pre-HT/CL position was defined as the position at which the angle between the EEL
and HL was 80° (Fig 1). Post-HT/CL #1 and #2 were defined as the position at which the angle
between the EEL and HL was 65° and 50°, respectively (Fig 1). The individual pictured in Fig 1
has provided written informed consent (as outlined in PLOS consent form) to publish their
image alongside the manuscript.

Data comprising participants’ sex, height, and body weight were collected. Height and body
weight were measured at the study site. To reflect the upper airway characteristics of each par-
ticipant, the lip-mental distance (LMD), the mental-hyoid distance (MHD), and the hyoid-
thyroid notch distance (HTD) were measured.

Each participant was provided with a new disposable mouthpiece and was permitted to
practice freely, prior to commencement of the study measurements, to familiarize themselves
with the PEFR measurements.

PEFR measurement protocol

PEFR was measured according to the following steps. Steps 2-7 were repeated 5 times to
obtain 5 sets of measurements for the supine and HT/CL positions:

1. Each study participant was placed in a supine position on a wooden plinth and was required
to remain at rest for 1 minute.

2. The PEFR was measured in the pre-HT/CL position.

3. Each participant was placed in the post-HT/CL #1 position and remained at rest for 1
minute.

4. The PEFR was measured in the post-HT/CL #1 position.

5. Each participant was placed in the post-HT/CL #2 position and remained at rest for 1
minute.

6. The PEFR was measured in the post-HT/CL #2 position.
7. Each participant was placed in the pre-HT/CL position and remained at rest for 1 minute.

Each participant was placed in position by the researcher. Participants were encouraged to
breathe out with maximal effort repeatedly when the PEFR was measured.
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Statistical analysis

Discrete data are presented as counts and percentages. Continuous data are presented as the
median and interquartile range (IQR), or as the mean and standard deviation if distributed
normally.

To compare the PEFR values at pre-HT/CL, post-HT/CL #1, and post-HT/CL #2 for all the
participants and in the subgroups classified according to sex, median height, median body
weight, and median BMI, we used repeated measured analysis of variance (RM ANOVA).

When sum of a participant’s PEFR at post-HT/CT #1 decreased than that at the pre-HT/CL
position, the participant was classified as a non-responder. Also, when sum of a participant’s
PEFR at post-HT/CT #2 decreased than that at the post-HT/CL #1 position, the participant
was classified as a non-responder. As such, there were three non-responder groups, namely,
non-responders to HT/CL #1, non-responders to HT/CL #2, and total non-responders com-
prising a combination of the aforementioned two non-responder groups. To compare charac-
teristics between responders and non-responders, the student’s t-test was used for normally
distributed variables and the Mann-Whitney U-test was used for non-normally distributed
variables. For categorical data, the chi-square test or the chi-square test with Fisher’s exact test
for 2 x 2 tables was used.

The results were considered significant at a threshold of p < 0.05 (two-tailed). All statistical
analyses were conducted using R version 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria) and SAS 9.1 (SAS Institute Inc., Cary, NC, USA)

Results
Patient demographics

A total of 900 measurements were collected, comprising 300 pre-HT/CL, 300 post-HT/CL #1,
and 300 post-HT/CL #2 measurements. The study participants had a median height of 168.0
cm [IQR 162.0;175.5], and a median body weight of 61.5 kg [52.5;67.5]. The median BMI was
21.3 kg/m2 [19.8;23.0] (Table 1). The median LMD, MHD, and HTD was 4.5 cm [4;4.5], 5.0
cm [4.5;5.3], and 2.0 cm [1.5;2.5], respectively (Table 1).

Change in the PEFR post HT/CL
Fig 2 shows the main results of the present study. The mean PEFRs pre-HT/CL, post-HT/CL
#1, and post-HT/CL #2 were 348.4 + 96.9, 366.4 + 104.9, and 378.8 + 111.2 L/min (percentage

Table 1. Baseline characteristics of the subjects values are presented number with percent or median with inter-
quartile range.

Variables Total group
Number 60

Male 30 (50)
Height (cm) 168.0 [162.0;175.5]
BW (kg) 61.5 [52.5;67.5)
BMI (kg/m?) 21.3[19.8;23.0]
LMD (cm) 4.5 [4;4.5]
MHD (cm) 5.0 [4.5;5.3]
HTD (cm) 2.0 [1.5;2.5]

Abbreviations: BW, body weight; BMI, body mass index; LMD, lip lower margin-mental distance; MHD, mental-
hyoid distance; HTD, hyoid-thyroid notch distance.

https://doi.org/10.1371/journal.pone.0224155.t001
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Total
(N=60)

Male
(N=30)

Female

(N=30)

Height > median (168.0cm)
(N=30)

Height < median

(N=30)

Body weight > median (61.5kg)
(N=30)

Body weight < median

(N=30)

Body mass index > median (213kg/m7)
(N=30)

Body mass index < median

(N=30)

m mean PEFR

(/min)
mean PEFR SD  pvalueby difference to % change 00 500 1000 150.0 2000 250.0 3000 350.0 400.0 450.0 500.0
(L/min) RM ANOVA Pre-HT/CL (L/min) to Pre-HT/CL
Pre-HT/CL
Pre-HT/CL 3484 96.9  <0.0001
Post-HT/CL #1
Post-HT/CL #1 3664 104.9 180 5.2
Post-HT/CL #2
Post-HT/CL #2 3788 1112 304 87
Pre-HT/CL
Pre-HT/CL 4154 797 <0.0001 ke
Post-HT/CL #1
Post-HT/CL #1 437.9 886 225 54 SetHlf
Post-HT/CL #2 |
Post-HT/CL #2 4515 99.4 36.1 87 oA
Pre-HT/CL
Pre-HT/CL 2813 586  <0.0001 reH
Post-HT/CL #1
Post-HT/CL #1 2948 625 135 5.0 oSt
Post-HT/CL #2
Post-HT/CL #2 306.2 65.7 249 89 S
Pre-HT/CL 399.7 855  <0.0001 PreHT/c
Post-HT/CL #1
Post-HT/CL #1 4189 96.7 19.2 48 ostHT/
Post-HT/CL #2 4338 106.6 341 85 PostimicL 2
Pre-HT/CL 297.0 789  <0.0001 PreHT/QL
Post-HT/CL #1 3139 847 169 57 PestHI/CtHL
Post-HT/CL #2 3238 85.9 268 2.0 PostHT/CLA2
Pre-HT/CL 3928 934 <0.0001 PrecHT/CL
Post-HT/CL #1 400.9 107.2 17.1 44 PostHTICLAL
Post-HT/CL #2 4242 1167 314 80 PostHI/CLI2
Pre-HT/CL 303.9 784 <0.0001 Pessti .
Post-HT/CL #1 3229 822 19.0 63 Paspjcie
Post-HT/CL #2 3335 84.0 296 9.7 PRsHUICHR
Pre-HT/CL 380.6 1012 <0.0001 PrAHTL
Post-HT/CL #1 399.3 1121 187 49 RostiHI/CLEL
Post-HT/CL #2 4157 1202 35.1 9.2 Post-HT/CL#2
Pre-HT/CL 316.1 80.7 <0.0001 Pre-HT/CL | —
Post-HT/CL #1 3334 85.6 173 55 RESHT/CLAL
Post-HT/CL #2 3420 87.4 259 8.2 BestHT/CLI2

Fig 2. Main result of this study. A repeated measured analysis of variance was used to compare PEFR values for pre-HT/CL, post-HT/CL #1,
and post-HT/CL #2. Abbreviations: HT/CL, head-tilt/chin-lift maneuver; PEFR, peak exploratory flow rate; RM ANOVA, repeated measured
analysis of variance; SD, standard deviation.

https://doi.org/10.1371/journal.pone.0224155.9002

change compared to pre-HT/CL, 5.2% and 8.7%), respectively, for all participants. Significant
differences were observed among pre-HT/CL, post-HT/CL #1, and post-HT/CL #2 measure-
ments in all the participants (P < 0.0001). The mean PEFR showed a similar gradual increase
in the subgroups classified according to sex, and the medians of height, body weight, and BMI,
with significant differences in all participants. However, the percentage change post-HT/CL #2
compared to pre-HT/CL levels was less than double the percentage change post-HT/CL #1
compared to pre-HT/CL levels, indicating a decreasing trend in the PEFR increase.

Non-responders to HT/CL

There were 10 (16.7%) non-responders to HT/CL #1 (Fig 3. Participants A to J). Among those,
the PEFR increased at post-HT/CL #2 in 3 participants (Fig 3. Participants A, B, and C) and
decreased in 7 participants (Fig 3. Participants D to J). Amount of PEFR decrease became
smaller in 4 participants (Fig 3. Participants D to G), remained constant in 2 participants (Fig
3. Participants H and I), and became larger in 1 participants (Fig 3. Participants J). There were
9 (15.0%) non-responders to HT/CL #2 (Fig 3. Participants D to L). Among those, the PEFR
change was positive in 2 participants (Fig 3. Participants K and L). Amount of PEFR decrease
became smaller in 4 participants (Fig 3. Participants D to G), remained constant in 2 partici-
pants (Fig 3. Participants H and I), and became larger in 1 participants (Fig 3. Participants J).
There were no significant differences in sex, height, body weight, BMI, LMD, MHD, and HTD
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Fig 3. Difference in PEFRs pre-HT/CL, post-HT/CL #1, and post-HT/CL #2 among non-responders.
Abbreviations: HT/CL, head-tilt/chin-lift maneuver; PEFR, peak exploratory flow rate.

https://doi.org/10.1371/journal.pone.0224155.9003

between the three responder and non-responder groups, which comprised the non-responders
to HT/CL #1 and the responders, the non-responders to HT/CL #2 and the responders, and
the total number of non-responders and the responders (Table 2).

Discussion

In the present study, the PEFR gradually increased post-HT/CL #1 and post-HT/CL #2 com-
pared to the pre-HT/CL PEFR, with increases of 5.2% and 8.7%, respectively, which showed

that a greater HT/CL angle would be beneficial for airway flow. A notable number of partici-
pants showed a decrease in the PEFR post-HT/CL #1; however, the PEFR increased or

Table 2. Comparison of baseline characteristics between HT/CL responders and non-responders. Values are presented number with percent or median with inter-

quartile range.

Variables Responder to | Non-Responder to | p- Responder to | Non-Responder to | p- Responder to Non- p-

HT/CL #1 HT/CL #1 value HT/CL #2 HT/CL #2 value both HT/CL responder value
Total

Number 50 (83.3) 10 (16.7) - 51 (85.0) 9 (15.0) - 48 (80.0) 12 (20.0) -

Male 26 (52.0) 4 (40.0) 0.729 26 (51.0) 4(44.4) 1.000 25 (52.1%) 5 (41.7%) 0.747

Height (cm) 170.0 167.5 [165.0;178.0] | 0.558 169.0 170.0 [167.0;176.0] | 0.335 169.5 169.0 0.370

[162.0;175.0] [161.0;175.0] [161.51745] | [165.0:177.0]

Height > median 26 (52.0) 4(40.0) 0.729 25 (49.0) 5 (55.6) 1.000 24 (50.0%) 6(50.0%) | 1.000

(168.0cm)

BW (kg) 58.7 [52.9;70.2] 60.9 [58.3;70.7] 0.226 | 58.8[53.4;69.8] 61.7 [58.3;70.7] 0.282 58.7 [52.8;69.8] 60.9 0.202

[57.2;70.7]

BW > median 24 (48.0) 6 (60.0) 0.729 24 (47.1) 6 (66.7) 0.470 23 (47.9%) 7(58.3%) | 0.747

(61.5kg)

BMI (kg/m?) 21.1[19.8227] | 21.8[209;22.7] | 0204 | 21.2[19.9227] | 213[209;22.7] | 0597 | 21.1[19.8;22.7] 21.8 0.288

[20.6;22.8]

BMI > median 24 (48.0) 6 (60.0) 0.729 25 (49.0) 5(55.6) 1.000 23 (47.9%) 7 (58.3%) 0.747

(21.3kg/m2)

LMD (cm) 4.5 [4.0;5.0] 4.3 [4.0;4.5] 0.469 | 4.5 [4.0;5.0] 4.5 [4.0;4.5] 0.658 4.5 [4.0;5.0] 43[4.0:4.5] | 0.430

MHD (cm) 5.0 [4.5;5.0] 5.0 [4.5;5.5] 0318 | 5.0[4.55.5] 4.5 [4.5; 5.0] 0.741 5.0 [4.5; 5.2] 48[4.552] | 0.768

HTD (cm) 2.0 [1.5;2.5] 2.0 [1.5;2.5] 0.617 2.0 [1.5; 2.5] 2.0 [1.5;2.5] 0.482 2.0 [1.5; 2.5] 2.0 [1.5;2.5] 0.635

BW, body weight; BMI, body mass index; LMD, lip lower margin-mental distance; MHD, mental-hyoid distance; HTD, hyoid-thyroid notch distance

https://doi.org/10.1371/journal.pone.0224155.t002
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declining trend slowed down in many non-responders at post-HT/CL #2. There was a decre-
mental trend in the PEFR increase in the HT/CL angle that indicated an angle threshold
beyond which there were no further benefits in airflow.

The HT/CL maneuver was first described by Peter Safar almost 70 years ago [6], based on
data from 50 spontaneously breathing unconscious patients under anesthetic control [7]. He
noted that when the neck was flexed so that the chin touched the chest, the air passage through
the throat was completely blocked, and that lifting the chin resolved the airway obstruction in
50% of patients. The remaining 50% of patients required the jaw-thrust maneuver or insertion
of an oropharyngeal airway or both [7]. Thereafter, limited data have been reported regarding
the HT/CL maneuver, and all studies have derived data involving controlled unconscious
patients [8-11]. No study has evaluated the performance of the HT/CL maneuver among
uncontrolled (or unexpected) unconscious patients who had been actual recipients of the HT/
CL maneuver. This is likely to have been because such patients require immediate emergency
treatment and are not readily able to be examined for purposes other than treatment.

Thus, due to a lack of available data and the unfeasibility of further study, basic questions
concerning the HT/CL maneuver remain unresolved, particularly concerning the HT/CL
angle. First, the HT/CL angle required to open a closed airway remains to be determined. Con-
sidering individual anatomical airway variations, the HT/CL angle to open a closed airway is
likely to vary and not facilitate the use of a fixed angle. Applying a principle or a formula that
corresponds to an individual’s anatomical characteristics may be appropriate. Second, it
remains to be determined whether further increasing the angle after a closed airway has been
opened would be beneficial. In this case, measuring airway flow rate pre- and post-the HT/CL
maneuver would likely be helpful in addressing this matter.

The total length of the upper airway remains unchanged pre- and post- the HT/CL maneu-
ver because the HT/CL is an angular movement, not a length movement. The sectional area of
the participants’ upper airway was presumed to be constant because they were conscious. If
force to the airway is constant and presuming the sectional area of upper airway is constant,
pressure to the airway is also constant. Then, if pressure to the airway is constant, resistance
and flow rates are inversely proportional (Ohm’s law). Therefore, if the PEFR increased follow-
ing the HT/CL maneuver, this suggested that airway resistance had decreased. Our schematic
mathematical model is shown in Fig 4. The PEFR post-HT/CL #1 was estimated to be 1.087
greater than that of the pre-HT/CL rate. This estimation is supported in the findings of our
previous study, which showed a similar percentage change to our estimated change (9.6%).

In the present study, PEFR percentage changes at post-HT/CL #1 and post-HT/CL #2 to
pre-HT/CL showed a gradual increase (5.2% and 8.7%, respectively); however, the amount of
increase in the PEFR showed decreasing trend. Compared to our previous study findings, we
noted the following differences: (1) the percentage of change in the PEFR at post-HT/CL #1
(5.2%) did not reach that of the previous value (9.6%), nor did the estimated value (8.7%), and;
(2) a significant gap was found between the percentage change in the measured PEFR (8.7%)
and in the estimated PEFR (28.4%) at post-HT/CL #2. Regarding the first difference, we con-
sidered the study plinth used to position the participants to be a relevant factor. In the previous
study, we used a PVC foam mattress on a wooden plinth for comfort and to relax the partici-
pants. However, in this study, the participants lay on a wooden plinth with no padded foam
mattress to better reflect an actual collapse scene. In the previous study, the angle between the
laryngeal axis and the oral cavity axis would be well matched to that of the schematic mathe-
matical model. However, in this study, the laryngeal axis would be deviated to the right-sided
downwards direction (dotted axis in Fig 4) during the HT/CL maneuver because we consid-
ered that the chest would be more likely to rise on the hard board than on a soft padded board
when the head was tilted. Therefore, the actual acute angle between the laryngeal axis and the
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Fig 4. Schematic mathematical model showing the relationship between airway resistance (R) and airway flow rate (V) pre-HT/CL,
post-HT/CL #1, and post-HT/CL #2. Two points of intersection exist in the dashed round, one point is where the laryngeal axis intersects
with the pharyngeal axis, and the other point is where the pharyngeal axis intersects with the oral cavity axis. The dotted arrow indicates

deviation of the laryngeal axis according to the rise of the chest. Abbreviations: HT/CL, head-tilt/chin-lift maneuver; R, airway resistance; V,
airway flow rate.

https://doi.org/10.1371/journal.pone.0224155.9004

oral cavity axis would be greater than the estimated angle, which led to a decrease in the mea-
sured PEFR than in the estimated PEFR. We approached the second difference in a similar
way. If the laryngeal axis is fixed, a greater HT/CL angle will result in a sharp increase in the
PEFR, as shown in the schematic mathematical model. However, the measured PEFR value
showed a diminishing increase in the PEFR, which implied the existence of a threshold angle
in terms of airflow increase. We considered that the laryngeal axis deviation in a right-sided
downward direction would be the main mechanism to explain this phenomenon (Fig 4).
When a head tilt was applied, extension of the atlanto-occipital and cervical spine joints
occurred first. After these joints had locked, the chest (sternal notch) began to rise. When the
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Fig 5. This graph shows the airway flow according to the HT/CL angulation. The HT/CL angulation was calculated
as 90° minus the angle between the ear-eye line and the horizontal line. Abbreviation: HT/CL, head-tilt/chin-lift
maneuver.

https://doi.org/10.1371/journal.pone.0224155.9005

atlanto-occipital and cervical spine joints locked, no further angulation was possible between
the laryngeal and oral cavity axes. As such, any further increase in flow rate could not be
accomplished through increasing the HT/CL angle. Based on this constraint, we presumed
that the benefits of the HT/CL maneuver to open the upper airway would be greatest at that
point. Additionally, this suggestion may be applicable in the same way to obtunded or para-
lyzed patients who are likely to be angulated more than conscious participants because they
also show chest (sternal notch) rise when angulation became bigger and bigger. In other
words, it will be better for providers to applicate maximal HT/CL angulation as far as they can,
till the patients’ chest (sternal notch) begin to rise.

Another notable and unique finding in this study concerns responsiveness to the HT/CL
maneuver. In our previous study, 16.6% of participants were non-responsive to the HT/CL
maneuver. The present study also identified nearly the same percentage of non-responders
among the total number of participants. However, many non-responders became responsive
to the HT/CL maneuver when the HT/CL angle was increased. This was clinically significant
as airway resistance could be increased through a slight HT/CL angulation in some patients;
however, the mechanism through which this occured has yet to be identified. This result is
shown in line B, Fig 5. It appears beneficial to perform the HT/CL maneuver to the greatest
extent possible to minimize upper airway resistance, which means performing the maneuver
to the point where locking the extended atlanto-occipital and cervical spine joints occurs and
the chest (sternal notch) begins to rise. Some non-responders to HT/CL #1 showed a constant
or decreased airway flow rate at HT/CL #2 (C and D at Fig 5); however, the significance of this
finding is unclear.

Limitations

Our study had some limitations. First, this study failed to determine variables to predict the
responsiveness to the HT/CL maneuver. Basic variables in regard to general body morphology
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did not differ, nor did they differ in our previous study. LMD, MHD, and HTD, collected to
reflect upper airway characteristics, did not differ between groups. We consider that character-
istics relating to the extension of the atlanto-occipital and cervical spine joints would be prom-
ising discriminators between responders and non-responders to the HT/CL maneuver.
Second, radiographic evaluations were not performed, which might possibly have revealed
more precise axial correlations. Additionally, an endoscopy evaluation would have been help-
ful to evaluate the intraluminal conditions. Third, the sample size was too small to generalize
the percentage change in the PEFRs. Moreover, the study participants were 20 years old; there-
fore, whether the percentage change in the PEFR would be similar among other population
age groups remains uncertain. Nevertheless, we were able to derive a clinically important rec-
ommendation from this study, that is, to tilt the head and lift the chin until a patient’s chest
(sternal notch) begins to rise.

Conclusions

Our findings suggest that a greater HT/CL angle would be beneficial, as the PEFR increased
gradually. Some participants did not respond to HT/CL #1, however, the PEFR increased or
declining trend slowed down in many non-responders at post-HT/CL #2. The decreasing
trend in the PEFR increase with the HT/CL angle implies the existence of an angle threshold
beyond which there is no further benefit in airflow, indicating a minimum in airway resis-
tance. A HT/CL maneuver may be appropriate until locking the atlanto-occipital and cervical
spine joints in extension occurs and the chest (sternal notch) begins to rise.
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