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Head Extension and Laryngeal View during
Laryngoscopy with Cervical Spine

Stabilization Maneuvers

Randolph H. Hastings, M.D., Ph.D.,* Paul R. Wood, M.B., B.Ch., F.R.C.P.t

Background: Direct laryngoscopy frequently is modified in
patients with known or suspected cervical spine injury. The
goals of this study were to measure the degrees of head ex-
tension required to expose the arytenoid cartilages and glottis
if neck flexion were not possible and to determine whether
in-line stabilization maneuvers alter the amount of head ex-
tension.

Methods: The subjects were anesthetized patients with nor-
mal cervical spines and Mallampati class 1 oropharyngeal
views. Head extension was measured relative to a line drawn
perpendicular to the table. Stabilization consisted of either
passive immobilization, with the head held flat against a rigid
board, or axial traction.

Results: Without stabilization, arytenoid cartilage exposure
and the best view of the glottis was achieved with a 10 + 5°
(mean * SD) head extension and a 15 *+ 6° head extension,
respectively (n = 31). Head immobilization reduced extension
angles 4 * 5° for arytenoid exposure and 5 + 6° for best view
compared with no stabilization.

Conclusions: Head immobilization reduced head extension
necessary for laryngoscopy. If head extension is construed to
be potentially dangerous in patients with cervical spine in-
juries, head immobilization without traction might be the
preferable stabilization technique. (Key words: Anesthetic
techniques: tracheal intubation. Spine: atlantooccipital joint,
cervical vertebrae.)

THE management of tracheal intubation in trauma pa-
tients with actual or potential cervical spine injuries
is a difficult and controversial subject.'~ Failure to re-
strain the head and neck increases the incidence of
secondary neurologic deficits during the hospital
course of cervical spine-injured patients.* Therefore,
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in current practice, the technique of direct laryngos-
copy normally is modified by precautions to restrict
movement of the cervical spine in patients with known
or suspected cervical spine injury. The cervical spine-
injured patient is restrained with the neck straight and
the head flat on a rigid board.> An assistant stabilizes
the head and neck and may apply axial traction to the
head.® The anesthesiologist is advised to move the head
as little as possible.? It is unknown how much risk is
associated with direct laryngoscopy or how much head
extension is safe.

Unfortunately, the conditions imposed for cervical
spine protection may not be favorable for direct la-
ryngoscopy. Usually, the neck is flexed, and the head
is extended at the atlantooccipital joint to align the
axes of the mouth and larynx.”® The tongue and sub-
mandibular tissues then are displaced from the ficld
of view by upward force with the laryngoscope.’ In
patients with possible cervical spine fractures, the
sniffing position is not employed, and the laryngos-
copist may not be able to exert sufficient upward
force with the laryngoscope without lifting the pa-
tient’s head off the board. These limitations could
increase the amount of head extension necessary for
successful direct laryngoscopy.

In this study, head extension was measured with an
angle finder during direct laryngoscopy in anesthetized
patients with normal cervical spines. The first goal was
to measure the extension angles required to make the
arytenoid cartilages visible and to obtain the best view
of the glottis when the sniffing position was not used.
The second goal was to compare head extension and
view of the glottis during laryngoscopy in the same
patient, with and without a manual stabilization ma-
neuver. We assessed extension during laryngoscopy
performed under one of the following conditions: (1)
no stabilization, (2) head immobilization without
traction, or 3) in-line axial traction. This was a ran-
domized, prospective study. Neither the laryngoscopist
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nor researcher knew in advance which maneuver was
to be performed with any laryngoscopy.

Methods

Thirty-one patients with ASA physical status 1 or 2
scheduled for elective surgery with general endotra-
cheal anesthesia were studied. All patients had class 1
oropharyngeal views based on the classification of Mal-
lampati et al.'® Patients with a history of cervical spine
pathology, a clinical examination suggesting poten-
tially difficult direct laryngoscopy, or an increased risk
of aspiration were excluded. Signs of possible difficult
laryngoscopy included short neck, receding mandible,
protruding maxillary incisors, and limited atlantooc-
cipital extension. The study was approved by the Uni-
versity of California, San Francisco Committee on Hu-
man Research, and all patients gave written informed
consent.

The patient lay supine on the operating table with a
rigid board extending from the shoulders to the head.
Monitors included a pulse oximeter, an electrocardio-
gram, a blood pressure cuff, and a precordial stetho-
scope and capnograph. Premedication was given at the
discretion of the attending and resident anesthesiolo-
gists. The patient received d-tubocurare (4 ug/kg) in-
travenously and breathed 100% O, for 3 min. Anes-
thesia was induced with sodium thiopental (4 mg/kg)
and succinylcholine (1.5 mg/kg) intravenously. After
the onset of unconsciousness, a Velcro strap was
slipped under the occiput and wrapped over the ears
and the nose to attach the angle finder to the head. The
angle finder was a plastic protractor mounted on a ruler.
An aluminum pointer swung freely from the protractor
on a ball bearing (fig. 1). Head angles were measured
with a method described by Bellhouse and Dore,!!
which was based on principles outlined by the Amer-
ican Academy of Orthopedic Surgeons.'? The head was
adjusted to a neutral position by moving the occlusal
surface of the maxillary teeth (or the gums in eden-
tulous patients) perpendicular to the rigid board. The
angle finder was attached to the left side of the head
with the Velcro strap and adjusted so that the pointer
indicated 0°, with the angle finder perpendicular to
the board and parallel to the occlusal surface of the
maxillary teeth (fig. 1A). The angle finder moved as a
unit with the patient’s head during extension and flex-
ion.

The laryngoscopist, an experienced anesthesia resi-
dent or nurse anesthetist, was instructed not to flex the
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neck or lift the head off the board. Extension was not
limited. First, the arytenoid cartilages were exposed
with a Macintosh 3 blade (Gary Hull Anesthesia, Hun-
tington Beach, CA). The laryngoscopist then tried to
obtain the best possible view of the glottis. An assistant
kneeling at the left side of the laryngoscopist performed
the stabilization maneuver. The investigator observed
and recorded the degrees of head extension (fig. 1B)
with exposure of (1) the arytenoid cartilages and (2)
the best view. Laryngoscopy and angle measurements
were performed twice on each patient, once with a
stabilization maneuver and once without. Between lar-
yngoscopies, the head was returned to the neutral po-
sition, the lungs were ventilated, and the angle finder
was restored to zero position. The tracheal tube was
placed after the second laryngoscopy. Sixteen people
were laryngoscopists in this study.

The stabilization maneuver used was cither manual
head immobilization without traction or manual in-line
axial traction. For head immobilization, the assistant
placed his or her hands on cither side of the patient’s
head, with the finger tips resting on the mastoid pro-
cesses and held the head firmly against the rigid board
with downward pressure. The assistant did not resist
head extension or exert axial traction. For axial traction,
the assistant placed his or her hands in the same position
and actively pulled the head in the caudal to cephalad
direction as strongly as he or she felt would be necessary
to stabilize the neck in a cervical spine-injured patient.
The force applied with the traction was not measured.
For the control laryngoscopy, the assistant also placed
his or her hands on the patient’s head but did not exert
force. Eighteen people assisted with stabilization ma-
neuvers in this study. Assistants were instructed with
the information presented above but received no ad-
ditional coaching or training.

Patients were assigned to three experimental groups.
The order was determined randomly before the study
began. The 31 patients were distributed among the
groups as follows:

1. Head immobilization group. In 14 patients, manual
head immobilization was employed during one lar-
yngoscopy and no stabilization was used during the
other.

2. Axial traction group. In ten patients, manual in-line
traction was compared with the unstabilized state.

3. Control Group. In seven patients, stabilization was
not employed during cither laryngoscopy. The pur-
pose of this group was to determine the reproduc-
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Fig. 1. (A) Attachment and orientation of
the angle finder on the subject’s head be-
fore laryngoscopy. The protractor is
raised slightly on a ruler to allow the as-
sistant to hold the subject’s head without
interfering with the angle finder pointer.
(B) Measurement of head extension angle
during laryngoscopy. An assistant holds
the sides of the head with his or her fin-
gers on the mastoid processes and exerts
downward pressure (immobilization),
pulls the head axially (traction), or does
nothing (control).

ibility of the head extension angle measurement
between two successive laryngoscopies in the ab-
sence of an experimental intervention.

Neither the laryngoscopist nor the person recording
the head extension angle had advance knowledge of
the group or maneuver performed. In the head im-
mobilization and axial traction groups, half the patients
were assigned randomly to have stabilization during
the first laryngoscopy, while the other half had stabi-
lization during the second. Randomization was done
by drawing numbers from a table of random numbers.

After tracheal intubation was completed, the laryn-
goscopist was asked to grade the views obtained with
the first and second laryngoscopies using the system of
Cormack and Lehane'?:

Grade 1 = most of the glottis visible

Grade 2 = no more than the arytenoid cartilages vis-
ible

Grade 3 = epiglottis only visible

Grade 4 = failure to expose even the epiglottis

|

Data for extension angles are presented as mean *
SD. The differences in extension angles for the two lar-
yngoscopies were compared among the experimental
and control groups with one-way analysis of variance
with the Student—Newman-Keuls multiple range test.
For each group, angles for the two laryngoscopies were
compared with the paired £ test. A P value of 0.05 was
accepted as significant.

Results

The patients ranged in age from 18 to 49 yr (mean
£SD, 33 * 8 yr) and weighed 51-123 kg (mean % SD,
71 = 14). The immobilization, traction, and control
groups did not differ with regard to age, weight, or
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dose of premedication and induction agents adminis-
tered (table 1).

Without stabilization, the laryngoscopy grade was 1
or 2 in 30 patients and grade 3 in 1 patient (from the
control group). Two patients each in the head immo-
bilization group and the axial traction group changed
to grade 3 with stabilization (table 2), even though
the complete glottis or arytenoids were visible without
stabilization (grades 1 or 2). The laryngoscopic view
was the same for both laryngoscopies in all patients in
the control group.

It makes sense to compare extension angles only if
the laryngeal view is the same for both laryngoscopies.
If only the arytenoids are exposed, the extension angle
would probably be less than if the full view were ob-
tained, regardless of the effect of stabilization maneu-
vers, Therefore, results from the four patients in whom
the laryngoscopic view changed with stabilization were
excluded from the analysis that follows. Head extension
angles were compared only for laryngoscopies with the
same laryngeal view with and without stabilization.

Without stabilization, head extension angles were 10
+ 5° (range 3-25°) to expose the arytenoids and 15
+ 6° (range 5-28°) to obtain the best view of the glot-
tis. Head immobilization decreased the angles com-
pared with no stabilization in 10 of 12 patients (fig.
2). The average decreases in angles were 4 + 5° for
arytenoid exposure and 5 + 6° for best view (table 3).
These changes were significant by paired ¢ test (P <
0.05). Traction increased the angle compared to no
traction in seven of eight patients, but the mean in-
crease was not significant (£ = 0.10). In the control
group, extension angles were not significantly different
between the first and second laryngoscopies, both
without stabilization. By analysis of variance, the
change in head extension angles between laryngosco-
pies differed in the three groups (P < 0.01; table 3):
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Table 1. Patient Characteristics and Anesthetic Doses

Weight Thiopental Succinylcholine Fentanyl Midazolam

Group N Age (yr) {kg) {mg) (mg) (rQ) (mg)
Immobilization 14 31+ 8 72 +19 370 £ 110 110 = 20 130 £ 70 1.5+05
Axial traction 10 3B+ 9 70 £10 370 + 110 100 + 20 100 + 80 1.5+05
Control 7 34 +10 70+ 6 400 + 80 100 = 10 60 = 70 1.5+05

The change in angle in the immobilization group was
significantly different from that in the traction group
(P < 0.01) but not from that in the control group (P
= 0.08). Changes in angle in the control group and
the traction group were not different.

For the two patients excluded from the immobiliza-
tion group, the head was extended 28° and 25° for the
best view without stabilization, compared to 10° and
23°, respectively, with immobilization. For the two
patients from the traction group, head extension angles
increased from 16° and 13° for best view without sta-
bilization to 25° and 15°, respectively, with traction.

Discussion

Our study was based on the premise that minimizing
head extension is an important goal for laryngoscopy
in patients with possible spine injuries. The underlying
assumptions were that head extension correlates with
movement in the cervical spine and that movement of
the spine during laryngoscopy risks secondary neuro-
logic injury. We studied the effects of head stabilization
maneuvers on head extension during laryngoscopy. Our
subjects were elective surgical patients with normal
cervical spines. Therefore, the study is clinically rel-
evant if it can be extrapolated to patients with spine
injuries.

Table 2, Laryngoscopy Grades during Stabilization and in
Control Group

No. of Patients

Group Grade 1 Grade 2 Grade 3
Immobilization 9 3 2"
Traction 6 2 2"
Contro! 5 1 1
Total 20 6 5

Grade for control group Is for laryngoscopy without stabilization, In the other
two groups the grade is with stabilization.

* Four patients changed from grade 1 or 2 to grade 3 with stabilization.
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A radiographic study supports the connection be-
tween head extension and cervical spine movement.
Horton et al."* showed that direct laryngoscopy causes
extension of the atlantooccipital and atlantoaxial joints
but minimal movement in the lower cervical spine in
normal subjects. The major external movement with
direct laryngoscopy is head extension. The neck moves
little below the level of the cricoid cartilage during
head extension.'® Therefore, changes in the head ex-
tension angle during laryngoscopy probably parallel
changes in extension angles in the upper cervical spine
in normal subjects. The relationship may not be a de-
gree-for-degree match, nor would it necessarily be lin-
ear. The lower cervical spine might move during lar-
yngoscopy in patients with unstable cervical spines.'®

The risk of secondary injury with direct laryngoscopy
must depend on the nature and level of the injury and

Head extension
angle, degrees

30 1
S—0
15 ) OoO——o0
o0
O\O

0 -
Group: Immobilization ~ Axial Traction Control

Fig. 2. Head extension angles during laryngoscopy with best
view of the glottis. Open circles represent laryngoscopy with-
out stabilization, closed circles represent laryngoscopy with
head immobilization, and squares represent laryngoscopy
with axial traction. The three maneuvers differ significantly
(P < 0.01) in their effects on extension angle. Data from four
patients in whom the best laryngoscopic view changed with
stabilization were excluded, but their exclusion had no effect
on the results or statistical analysis.
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Table 3. Effects of Stabilization Maneuvers on Head Extension Angles

Angle for Arytenoid Exposure (°) Angle for Best View (°)
No. of No. of
Group A B Change Patients A B Change Patients
Head immobilization 9+5 5+ 5* —4 + 5% 12 14+6 9 + 6* -5+ 6t 12
A withheld
B applied
Axial traction 6+2 9+4 4+4 8 12+3 15+5 3+5 8
A withheld
B applied
Control 11+5 11+6 0+2 6% 15+ 4 14+£7 0+3 7
A stabilization withheld
B repeat

Values are mean + SD. The change in angle was calculated for each patient (angle B — angle A} and averaged. A positive number means extension was on the
average greater when the stabilization maneuver was applied than when it was withheld.

* Significantly different from angle with stabilization withheld, P < 0.05.
t Significantly different from traction group, P < 0.01.
¥ Arytenoid exposure was not possible in one patient in the control group.

the amount of spine movement. Injuries of the atlas or
axis, where most of the movement occurs, probably
carry greater risk than injuries in the lower cervical
spine; however, there must be some risk for lower cer-
vical spine injuries. An autopsy study of cadavers with
surgically disrupted ligaments in the anterior and pos-
terior compartments found that mask ventilation and
direct laryngoscopy displaced injured segments at lev-
els other than C1-C2.'% In addition, a recent case report
documented the occurrence of quadriplegia after air-
way management in a patient with injuries at C6-C7.'”
Neurologic deficits secondary to airway management
are apparently rare, even though most airway maneu-
vers cause movement in the cervical spine.'®'®! It
therefore is not clear how much movement must occur
for a significant risk of injury to result. The definitive
study would require fluoroscopy during laryngoscopy
in thousands of cervical spine-injured patients.

The critical question for everyday clinical practice
is, “How much external movement is safe during lar-
yngoscopy?”’ Because the answer is unknown, the most
conservative approach is to minimize the disturbance
of laryngoscopy as much as possible. Head extension
is the most appropriate movement to consider because
it is the major movement that occurs during laryngos-
copy. For this study, we wanted to ascertain how much
extension was necessary to view the arytenoid cartilages
and full glottis under the conditions used for cervical
spine protection and to determine whether stabilization
maneuvers affected this amount. Arytenoid cartilage
exposure was one of the end points, because this rep-
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resents the minimum view needed for tracheal intu-
bation under direct vision.

Without stabilization, extension angles of 10 % 5°
and 15 *+ 6° were required for arytenoid exposure and
the best view, respectively, with the head and neck
straight and no sniffing position. These angles are much
smaller than the upper limits of head extension in nor-
mal people. They also are smaller than the angles ob-
served during laryngoscopy in normal patients in the
sniffing position. Horton et al.? reported that maxi-
mum head extension in awake volunteers was between
70° and 100°. When those volunteers underwent
laryngoscopy under topical analgesia (with no attempt
to minimize extension), the plane of the face was ex-
tended 20° from horizontal plane, with the neck flexed
35°.2° The angles in our study may have been smaller,
because the subjects were anesthetized and paralyzed
and a conscious attempt was made to minimize move-
ment. In addition, all our subjects had Mallampati class
1 oropharyngeal views. We cannot comment on
whether the sniffing position alters the movement nec-
essary for laryngoscopy, because we did not directly
compare head extension with and without the sniffing
position. Head movement might be different with a
straight laryngoscope blade than with a Macintosh la-
ryngoscope. However, Majernick et al.'® found no dif-
ference in cervical spine movement using straight
blades and curved blades in a small number of unin-
jured patients.

Head immobilization and axial traction affected head
extension during laryngoscopy differently. Head im-
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mobilization significantly decrecased the degrees of ex-
tension required to view either the arytenoids or full
glottis compared to the situation without stabilization.
Traction did not have a significant effect. Head im-
mobilization may be beneficial, because it increases
the amount of upward and forward force the laryngos-
copist can exert with the laryngoscope. This otherwise
is limited in patients with potential spine injuries be-
cause of the danger of lifting the head. Holding the
head on the table creates a counter force, enabling the
laryngoscopist to achieve maximal displacement of the
submandibular and pharyngeal soft tissues. Presumably,
the glottis would then be exposed with less head ex-
tension than in the unstabilized state.

The purpose of the control group was to determine
how much change in extension angle might be ex-
pected simply because of experimental variability in
angle measurement. Extension angles changed by more
than 1° for consecutive laryngoscopies in only two of
seven patients in the control group, compared to 9 of
12 in the immobilization group. The mean difference
in angles, however, was not significantly different be-
tween the immobilization group and the control group,
5 £ 6° versus 0 £ 3°, respectively (P = 0.08 by the
Student-~Newman-Keuls multiple range test). We can-
not exclude a type Il error because of the small patient
number and large variability. Variability could arise
from inconsistency in the angle measurement, the effort
of the laryngoscopist, or the traction exerted by differ-
ent assistants. There did not seem to be a systematic
variation with the order of laryngoscopy. Mean head
extension for full glottic exposure was 14 £ 6° on the
first laryngoscopy and 14 + 7° on the second (n = 31).

Variability might have been reduced by having one
laryngoscopist and one trained assistant for the entire
study, but this was not done. The study was designed
to study the stabilization maneuvers as they might be
used in clinical practice. The assistant was an anesthe-
siologist, nurse anesthetist, or surgeon available at the
time the anesthetic administration began. The amount
of force was not measured and was left to the discretion
of the assistant, as would occur in a real situation. The
instruction to pull ‘“‘as hard as you feel is necessary to
stabilize an unstable spine” is admittedly nebulous.
Other possible instructions, however, such as “‘balance
the force exerted by the intubator,””?! are also vague,
because the assistant has no feedback on the amount
of force. When the study was ended, assistants were
asked to judge how much traction they applied. All
assistants reported that they used a moderate amount
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of force, more than a gentle tug but much less than the
maximum possible pull. The force was such that trac-
tion could have been maintained comfortably for min-
utes. Of course, ‘‘moderate force’” may vary among in-
dividuals depending on build, strength, and tempera-
ment. None of the assistants, however, appears to have
applied severe traction.

This study might not apply to patients with acute
cervical spine injuries, because it was carried out on
normal anesthetized patients. The mechanics of direct
laryngoscopy could vary depending on the level of in-
jury, the amount of bony or ligamentous involvement,
and the stability of the spine. Muscle spasm also could
affect the force necessary for laryngoscopy. There are
at least two reasons why our results might be extrap-
olated to acutely injured patients. First, muscle spasm
would not be a factor in our clinical practice, because
direct laryngoscopy in trauma patients usually is ac-
companied by muscle relaxation and anesthesia when
appropriate. Second, our proposed mechanism for the
action of passive immobilization should still hold true
in patients with spine injuries. Holding the head on
the table would provide a counter force allowing
greater lift on the jaw, whether or not the cervical spine
is injured. Immobilization therefore potentially could
reduce the extension required for laryngoscopy in cer-
vical spine-injured patients, just as it does in normal
patients.

Difficult laryngoscopy may be more likely in patients
treated as though they had cervical spine injuries be-
cause the sniffing position is not used. Suderman et
al*' reported difficulty with orotracheal intubation in
4 of 91 (4.3%) cervical spine-injured patients before
elective spine surgery. Estimates of the incidence of
difficult laryngoscopy (grade 3 or 4) range from 0.3%
to 3% in general surgery patients.”'"?? In this study, 1
of 31 (3.1%) patients had a grade 3 view without sta-
bilization. Two patients each in the immobilization
group and the traction group developed a grade 3 view
with stabilization. The view did not improve with sta-
bilization in any patient. The number of patients in this
study is too small to determine whether either stabi-
lization maneuver has a clinically significant effect on
laryngoscopic view.

In summary, small degrees of head extension were
required for laryngeal exposure in anesthetized elective
surgical patients with heads flat and necks straight—
10 + 5° for arytenoid exposure and 15 + 6° for com-
plete glottic exposure. Comparing laryngoscopies in
the same patient, arytenoid and glottic exposure were
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accomplished with less head extension when accom-
panied by immobilization without traction. The change
in head extension caused by traction, compared to the
situation with no stabilization mancuver, was in the
opposite direction of and significantly different from
the change caused by immobilization (P < 0.01). It is
unclear if these results can be extended to patients with
cervical spine injuries, although our proposed mech-
anism for the effect of immobilization on head exten-
sion would be independent of the presence of an injury.
Because it is unknown how much head and neck move-
ment is safe during direct laryngoscopy in patients with
cervical spine injuries, minimizing the movement
might make the anesthesiologist more secure about not
causing harm.
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