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Radiation Exposure Alters Airway Deformability and Bony Structure
Displacement During Laryngoscopy

Christiaan A. Rees, PhD ; Xiaotian Wu, PhD; Eric A. Eisen, MD; David A. Pastel, MD;
Ryan J. Halter, PhD; Joseph A. Paydarfar, MD

Background: Prior therapeutic radiation exposure in the setting of head and neck malignancies is associated with difficult
airway instrumentation. We sought to characterize the anatomic changes that produce this phenotype.

Study Design: Retrospective review.
Methods: Five individuals with prior radiation therapy to the upper aerodigestive tract (previously irradiated) and

10 with no prior history of therapeutic radiation exposure (nonirradiated) were enrolled. Computed tomography images
obtained before and during laryngoscope insertion (“uninstrumented” and “instrumented”, respectively) were used to recon-
struct three-dimensional representations of the pharyngeal airway, hyoid, and mandible.

Results: In the instrumented state, pharyngeal airway volumes were significantly greater in nonirradiated subjects relative
to previously irradiated subjects (P = .01), and overall translation of both the hyoid and mandible was also greater in non-
irradiated subjects (P = .01 and .04, respectively).

Conclusion: Individuals with prior therapeutic radiation exposure to the upper aerodigestive tract differ from nonirradiated
subjects with respect to airway deformation and bony structure translation during laryngoscopy.
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INTRODUCTION
Variations in head and neck anatomy can have major

implications regarding airwaymanagement. The difficult air-
way can present potentially life-threatening situations dur-
ing intubation,1 and impact adequate exposure and margin
control during operative laryngoscopy.2 Because of this, sev-
eral anatomically based screening tools exist to help predict
the difficulty of airway exposure prior to direct or operative
laryngoscopy, including the well-established Mallampati
class score, which is a visual assessment of the distance
between the tongue base and palate.3,4 Aside from anatomy,
other variables associated with airway management diffi-
culty include a history of sleep apnea,5,6 alterations in upper
airway tissue in the setting of head and neck cancer,7

and prior radiation therapy to the neck.5,6 Although these
variables are associated with a lower probability of clinical
success, the extent to which any one of these directly contrib-
utes to airway patency and/or tissue deformability during
laryngoscopy has proven challenging to quantify.

In recent years, a number of studies have sought to
measure structures of the upper airway using three-
dimensional models derived from computed tomography
(CT) or magnetic resonance imaging (MRI), and some
have used this approach to assess airway anatomy in var-
ious clinical scenarios. For example, Ohya et al combined
CT angiography with three-dimensional modeling to
assess carotid artery deformation associated with head
and neck movement.8 Welch et al evaluated changes in
upper airway volume in obese patients after weight loss
using MRI combined with computational modeling.9

Finally, Trudo et al used MRI in combination with three-
dimensional modeling to identify differences in ret-
ropalatal and retroglossal airway volumes between asleep
and awake states.10 Despite advances in the computa-
tional modeling tools available for image analysis, to the
best of our knowledge, no prior studies have evaluated
the effect of therapeutic radiation exposure on airway vol-
ume, tissue deformation, or bony structure displacement
in the setting of operative laryngoscopy.

In this pilot study, we combine CT imaging of the head
and neck with three-dimensional computational modeling
tomeasure airway deformation during suspension laryngos-
copy. Specifically, we focus on differences in: 1) airway
deformability and 2) translational/rotational movement of
the hyoid and mandible between nonirradiated and previ-
ously irradiated subjects. We hypothesized that, in the
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setting of suspension laryngoscopy, study subjects with prior
therapeutic radiation exposure to the head and neck would
have reduced airway deformability and limited displace-
ment of the mandible and hyoid relative to nonirradiated
subjects, leading to reduced airway volume. The present
study thus aims to improve our understanding of themecha-
nisms that contribute to increased technical difficulty associ-
ated with laryngoscopy in the setting of prior therapeutic
radiation exposure.

MATERIALS AND METHODS

Subject Enrollment and Imaging Protocol
Subjects scheduled for laryngoscopy as part of routine care

in the setting of suspected or confirmed head and neck malignan-
cies were recruited for this pilot study, which was approved by
Dartmouth College’s Institutional Review Board (STUDY#:
00028153). All procedures were performed under general anes-
thesia, either via nasal intubation or through an existing trache-
ostomy. For each subject, two CT scans (Siemens SOMATOM
Definition AS 64-Slice, 5.0 mm slice thickness acquisition,
reconstructed to 1.0 mm slices with B31s medium smooth+ ker-
nel) were acquired following the administration of intravenous
contrast (iohexol, 300 mg/mL, 25 mL): one prior to laryngoscopy
(the “uninstrumented” state) with the patient in repose, and the
other during suspension laryngoscopy (the “instrumented” state).
Both CT scans were performed after induction of general anes-
thesia. A custom CT-compatible polymer laryngoscope system
(Fig. 1) was used to avoid CT imaging artifacts produced by
standard metallic laryngoscopes.11 The laryngoscope was
inserted on the right side in 14 of 15 study subjects in an effort
to minimize interindividual variability with respect to laryngo-
scope positioning. Left-sided laryngoscopy was performed in one
study subject due to tumor location, and for this individual, both
instrumented and uninstrumented CT images were inverted along
the left–right axis to improve alignment with the remaining study
subjects. As per standard clinical procedure, the laryngoscope was
suspended with the tip of the blade located at the vallecula to
achieve a grade 1 to 2 view for all patients.

Image Analysis and Computation
Three-dimensional representations of the pharyngeal airway

and bony/cartilaginous structures (ie, hard palate, hyoid, mandible,
and thyroid cartilage) were obtained from CT imaging using the
image segmentation tools included in the Mimics 15.01 software
package (Materialise, Plymouth, MI). The “pharyngeal airway” was
bounded superiorly by the choanae, anteriorly by a plane extending
from the junction of the hard and soft palate to the inferior margin
of the hyoid, inferiorly by a plane extending from the inferiormargin
of the hyoid to the inferior margin of the cricoid cartilage, and poste-
riorly by the posterior pharyngeal wall (Fig. 2). Total pharyngeal
airway volume encompassed both the free air within this anatomi-
cally defined region, as well as the volume occupied by the endotra-
cheal tube (including both the tube itself and the air space within
the tube). Airway volumes were computed in Mimics from the seg-
mented airwaymasks.

To identify specific areas within the pharyngeal airway that
deformed differentially between nonirradiated and previously irra-
diated subjects, we aligned CT images acquired in the instrumented
state across all 15 study subjects. The laryngoscope was registered
to the same orientation and location across all CT scans, thereby
minimizing both rotational and translational differences in laryngo-
scope position across study subjects. An example of this alignment
approach is presented in Figure 3. Because therewere no significant
intergroup differences in total pharyngeal airway volume in the
uninstrumented state, no alignment step was utilized in the analy-
sis of uninstrumentedCT images.

After three-dimensional airway volumes had been aligned
across study subjects in the instrumented state (using the protocol
outlined in the prior paragraph), two-dimensional slices were gener-
ated in the axial, coronal, and sagittal planes. The maximum cross-
sectional airway areas in each of the three planes (axial, coronal,
and sagittal) were aligned across subjects to minimize any residual

Fig. 1. Computed tomography-compatible laryngoscope system in
place for suspension laryngoscopy.

Fig. 2. Sagittal view depicting the boundaries of the pharyngeal air-
way (blue). The pharyngeal airway was bounded superiorly by the
choanae (A), anteriorly by a plane extending from the junction of
the hard and soft palate (B) to the inferior margin of the hyoid (C),
inferiorly by a plane extending from the inferior margin of the hyoid
(C) to the inferior margin of the cricoid cartilage (D), and posteriorly
by the posterior pharyngeal wall (E).
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differences in laryngoscope position, and a two-sided t test was used
to identify two-dimensional slices whose airway area was signifi-
cantly different between nonirradiated and previously irradiated
subjects. Finally, the two-dimensional slices whose airway area was
significantly different between groups were recombined in three
dimensions (axial, coronal, and sagittal) to identify the specific
region within the pharyngeal airway that deformed differentially
between nonirradiated and previously irradiated subjects.

For the translational and rotational analysis of the mandible
and hyoid, each patient’s skull was registered to a coordinate sys-
tem defined by the frankfurt plane, midsagittal plane, and vertical
porion plane coordinate.12 Center displacements (Tx, Ty, Tz, and
magnitude T) and rotations (Ax, Ay, Az) of the mandible and hyoid
bones from the “uninstrumented” and “instrumented” states were
computed via iterative closest point (ICP) rigid registration.13

Statistical Analyses
All statistical analyses were performed using either R ver-

sion 3.5.0 (R Foundation for Statistical Computing, Vienna,
Austria) or MATLAB R2018a (Mathworks, Natick, MA). Statis-
tical significance was evaluated using either a Mann–Whitney
U test for continuous variables or a Pearson’s chi-squared test
without Yates’ continuity correction for categorical variables,
with P = .05 defined as the threshold for significance. Correla-
tions between variables were evaluated using Pearson’s correla-
tion coefficient.

RESULTS
Fifteen subjects undergoing suspension laryngoscopy

for suspected malignancies of the head and neck were
enrolled in this pilot study. Five had previously received
therapeutic radiation for a head and neck malignancy
(of which four received combination radiation therapy and
chemotherapy), while the remaining 10 had neither a prior
history of head and neckmalignancies nor a history of previ-
ous therapeutic radiation exposure. The majority of study
subjects were male (13/15, 87%), with an average age of
66 (range: 44–77) and average body mass index (BMI) of
26.5 (range: 18.0–39.9). For the comparison of nonirradiated
and previously irradiated subjects, there were no significant
intergroup differences with respect to age (P = .86), sex
(P = .28), BMI (P = .30), Mallampati class (P = .30),

thyromental distance (P = .71), and neck range of motion
(P = .92) (Table I). Airway grade was not significantly differ-
ent between groups when tracheostomy subjects were
excluded from the analysis (P = .11) butwas significantly dif-
ferent when tracheostomy subjects were considered as a dis-
tinct category (P = .02). Primary tumor location varied
considerably across the study population but did not differ
noticeably between nonirradiated and previously irradiated
subjects.Most lesions occurred in either the supraglottic lar-
ynx (n = 5), tongue base (n = 2), or glottis/vocal cord (n = 2).
Lesions rarely occurred at other sites, including the oral
tongue, posterior pharynx, and tonsil (n = 1 per site), while a
small number of tumors (n = 4) demonstrated extension
across adjacent anatomic sites (eg, the supraglottic larynx
extending to the tongue base). One individual presented
with two primary lesions, one of which was localized to the
posterior pharynx and the other to the glottis. Among the
five previously irradiated study subjects, four had primary
tumors of the supraglottic larynx and one had a primary ton-
sillar tumor. Four patients were treated with intensity-
modulated radiation therapy with 70 Gy of radiation
applied to the primary lesion. The bilateral neck was also
irradiated to between 54 and 56 Gy in all four patients. For
the fifth patient, prior radiation records were unavailable;
however, he did have radiation to the glottic larynx in the
late 1990s, presumably using conformalmethods.

Prior to laryngoscope insertion (ie, the “uninstru-
mented” state), there were no significant differences in pha-
ryngeal airway volume between nonirradiated and
previously irradiated subjects (17.8 � 4.5 cm3 vs. 14.7 � 5.7
cm3, P = .25). Following laryngoscope placement (ie, the
“instrumented” state), the airway volumes of nonirradiated
subjects were significantly greater than those of previously
irradiated subjects (97.2 � 18.9 cm3 vs. 60.0 � 16.3 cm3,
P = .01), and the change in pharyngeal airway volume (ie,
instrumented volume minus uninstrumented volume) was
also significantly greater in nonirradiated subjects relative
to previously irradiated subjects (79.5 � 17.3 cm3 vs. 45.2 �
11.3 cm3, P = .01) (Fig. 4). There was a strong positive corre-
lation between instrumented airway volume and change in
airway volume (r = 0.99, P = 3.3 × 10−11) across all subjects,
but only a relatively modest, nonsignificant correlation

Fig. 3. Alignment of computed tomography images in the instrumented state involved registration of the laryngoscope to the same position
across all 15 study subjects. (A) The “unaligned” state, with noticeable differences in laryngoscope position between subject 1 (red laryngo-
scope, blue airway), and subject 2 (green laryngoscope, yellow airway). (B) The “aligned” state, with overlapping laryngoscope position in sub-
ject 1 and subject 2.
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between uninstrumented airway volume and change in air-
way volume (r = 0.46, P = .09). Taken together, these results
suggest that airway deformability (as defined by change in
airway volume) is driven by instrumented rather than
uninstrumented airway volume.

Having demonstrated that previously irradiated
subjects had smaller overall pharyngeal airway volumes
relative to nonirradiated subjects in the instrumented
state, we next sought to define the specific region(s)
within the pharyngeal airway that deformed differen-
tially between these two groups. Specifically, sagittal,
coronal, and axial airway slices were compared between
groups, and a three-dimensional region (defined by the
union of axial, coronal, and sagittal slices that were sig-
nificantly different between groups) was identified that
was significantly smaller in previously irradiated sub-
jects relative to nonirradiated subjects. The region of dif-
ferential deformation was 7.7 cm × 6.0 cm × 5.6 cm
(sagittal × axial × coronal) and was located approxi-
mately at the site of laryngoscope placement (Fig. 5).
This suggests that differences in airway volume between
nonirradiated and previously irradiated subjects in the
instrumented state occur via local tissue deformation
surrounding the laryngoscope itself.

In addition to differences in airway deformation, both
the hyoid and mandible were differentially displaced
between nonirradiated and previously irradiated subjects.
The overall displacement was significantly different between
nonirradiated and previously irradiated subjects for both the
hyoid (13.5 � 3.1 mm vs. 9.0 � 1.8 mm, P = .01) and mandi-
ble (12.5 � 3.3 mm vs. 7.9 � 2.8 mm, P = .04) (Fig. 6).

TABLE I.
Demographic and Anatomical Characteristics of Study Participants.

Subject Age Sex BMI Airway Grade Mallam Class TM Dist Neck ROM Tumor Site Tumor Stage
Radiation
Dose (Gy)k

Nonirradiated

1 72 M 28.2 1 1 NR Full Supraglottic larynx T3 N1 —

2 64 M 25.1 1 2 >3 FB Full Glottis, Posterior pharynx§ T1 N0, T2 N0 —

3 67 M 32.6 1 2 >3 FB Full Vocal cord T1 N0 —

4 53 F 26.2 1 2 >3 FB Full Tongue base Benign —

5 74 F 28.4 NR NR NR NR Supraglottic larynx T4a N0 —

6 74 M 25.1 2 1 >3 FB Full Transglottic T3 N2b —

7 64 M 18.8 2 2 >3 FB Limited Unknown primary Tx N3 —

8 64 M 39.9 2 2 >3 FB Full Tongue base T2 N2a —

9 44 M 24.5 1 2 >3 FB Full Oral tongue T2 N2b —

10 70 M 24.0 1 3 <3 FB Limited Supraglottic larynx T2 N2c —

Previously irradiated

11 77 M 23.8 * 3 >3 FB Full Supraglottic larynx T4a/b N2b 70 (54)

12 69 M 18.0 * 2 >3 FB Full Supraglottic larynx T3 N0 70 (56)

13 67 M 31.7 * 2 >3 FB Full Supraglottic larynx to
tongue base

T3 N2c 70 (56)

14 61 M 27.2 2 2 >3 FB Limited Supraglottic larynx T1 N0 Unknown

15 64 M 23.6 2 3 <3 FB Full Tonsillar T2 N2b 70

Comparison: Nonirradiated vs. previously irradiated

P value .86 .28 .30 .11†

.02
.30 .71 .92 — — —

*Not reported due to tracheostomy tube placement.
†P value calculation excludes tracheostomy patients.
§Two distinct primary tumors.
kValue outside parentheses is total dose applied to primary tumor, while values inside parentheses indicate dose applied to the neck (if known).
BMI = body mass index (kg/m2); FB = finger breadths; Mallam class = Mallampati class; NA = not available; Neck ROM = neck range of motion; NR = not

recorded; TM Dist = thyromental distance (measured in finger-breadths).

Fig. 4. Pharyngeal airway volumes for nonirradiated (blue) and pre-
viously irradiated (red) study subjects. Airway volumes are reported
for the uninstrumented state (prior to laryngoscope introduction,
left), instrumented state (during laryngoscope insertion, middle),
and the change between instrumented and uninstrumented states
(right). Wide horizontal bars represent the median of each group,
while narrow horizontal bars represent the first and third quartiles.
**P ≤ .01. NS = not statistically significant.
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Displacement of the hyoid and mandible in both anterior-
posterior and superior-inferior directions was significantly
different between nonirradiated and previously irradiated
subjects, while no significant between-group differences were
noted with respect to left-right displacement. Notably, air-
way deformation (ie, change in airway volume between the
uninstrumented and instrumented states) was significantly
correlated with the overall displacement of the mandible
(r = 0.68, P = .005), as well as displacement in the anterior-

posterior (r = −0.69, P = .004), superior-inferior (r = 0.55,
P = .03), and left-right (r = −0.59, P = .02) directions. Change
in airway volume was also significantly correlated with the
anterior-posterior displacement of the hyoid (r = −0.61,
P = .02), but was not significantly correlated with the dis-
placement of the hyoid in other directions. Of interest, only
one of the five previously irradiated subjects reported tris-
mus as a side effect of their radiation therapy, suggesting
that the reduced mobility identified via CT imaging in

Fig. 5. Representative three-dimensional airway reconstruction depicted in axial (X-Y, left), coronal (X-Z, center), and sagittal (Y-Z, right) orien-
tations. Blue indicates the region of the pharyngeal airway that differed significantly (P < .05) between nonirradiated and previously irradiated
subjects in the instrumented state, defined as the union of the axial, coronal, and sagittal slices that were significantly different between
groups. Green indicates the region of the pharyngeal airway that was not significantly different between nonirradiated and previously irradiated
subjects. Bony and cartilaginous structures (the hard palate, hyoid, mandible, and thyroid cartilage) are presented in red.

Fig. 6. Displacement of the hyoid (A) and mandible (B) in both nonirradiated (blue) and previously irradiated (red) subjects. Tx, Ty, and Tz corre-
spond to displacement in the right-left, anterior-posterior, and superior-inferior directions, respectively (C), while T corresponds to the overall

displacement magnitude ( =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
T2
x +T2

y +T2
z

q
). *P< .05; **P ≤ .01. NS = not statistically significant.
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previously irradiated subjects may have been more due to
fibrosis of the suprahyoidmuscle attachments.

In contrast to the substantial differences observed
between nonirradiated and previously irradiated subjects
with respect to the translational displacement of both the
hyoid andmandible, the difference in rotationalmovement of
these structures between groupswas less pronounced. Specif-
ically, there were no significant differences between groups in
the rotational movement of the hyoid about any of the three
axes (axial, coronal, or sagittal) (Fig. 7). With respect to the
mandible, rotational movement in the sagittal plane (about
theAx axis) was significantly different between nonirradiated
and previously irradiated subjects (−0.08 � 0.07 vs. 0.06 �
0.05 rad, P = .01), while rotational movement in the coronal
and axial planes (about theAy andAz axes, respectively) were
not significantly different between groups.

Finally, evaluating the relationship between airway
deformation and other clinical variables revealed a signifi-
cant negative correlation between change in airway volume
and subject age (r = −0.63, P = .01) (Fig. 8). Subgroup analy-
sis revealed that this negative correlation persisted among
nonirradiated subjects (r = −0.75, P = .01), while in previ-
ously irradiated subjects, the correlation was not significant
despite a similar overall trend in the data (r = −0.78,
P = .12). Subject age did not correlate with the translation or
rotation of the mandible in any direction but was modestly
correlated with the overall translation of the hyoid
(r = −0.55, P = .03). We did not identify any additional

correlations between our clinical variables and either air-
way deformation or displacement/rotation of the mandible
or hyoid.

DISCUSSION
The present study reveals substantial differences in

pharyngeal airway deformability between previously irra-
diated and nonirradiated subjects in the context of clini-
cally indicated suspension laryngoscopy. Specifically,
previously irradiated subjects were found to have an
approximately 40% reduction in pharyngeal airway vol-
ume following laryngoscope insertion relative to non-
irradiated subjects (Fig. 4). The region of the airway that
differed most substantially with respect to volume
between these two groups was in direct approximation to
the laryngoscope itself, with minor differences in airway
volume observed more distal to the laryngoscope. The
reduced pharyngeal airway volume observed in previ-
ously irradiated subjects relative to nonirradiated sub-
jects in the instrumented state could not be accounted for
by differences in other measured variables, including age,
sex, BMI, Mallampati score, airway grade, thyromental
distance, neck range of motion, and perhaps most impor-
tantly, undeformed airway volume. Taken together, these
findings suggest that therapeutic radiation exposure
alters the deformability of head and neck tissues, and this
reduced deformability likely contributes to the difficulty
associated with laryngoscopy in this patient population.

Radiation-induced fibrosis represents one likely expla-
nation for the reduced tissue deformability observed among
our cohort of previously irradiated subjects. This process can
occur in numerous tissues throughout the body,14–16 but
may be particularly problematic in the setting of malignan-
cies of the head and neck due to the high overall doses of
radiation administered, as well as the aggressive radiation
schedules that are often utilized in the treatment of these
cancers.16 This process is thought to involve the deposition
of collagen in a disorganized fashion (mediated by the pro-
duction of pro-fibrotic molecules such as tumor necrosis fac-
tor) accompanied by loss of tissue elasticity, and both of

Fig. 7. Rotation of the hyoid (A) and mandible (B) in both non-
irradiated (blue) and previously irradiated (red) subjects from their
uninstrumented state. Ax, Ay, and Az correspond to rotations in the
sagittal, coronal, and axial planes, respectively. **P ≤ .01. NS = not
statistically significant.

Fig. 8. Correlation between subject age and change in airway vol-
ume. Gray lines indicate the line of best fit for the entire study popu-
lation, while the blue and red lines indicate the line of best fit for the
nonirradiated and previously irradiated subjects, respectively.
Pearson’s correlation coefficient (r) and the P value associated with
the correlation are provided for the overall study population as well
as the subgroup analyses. *P < .05. NS = not statistically significant.
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these processes could reasonably be expected to contribute
to the reduced airway deformability that we observe among
our previously irradiated subjects. To the best of our knowl-
edge, however, irradiated and nonirradiated tissues of the
upper airway have never been compared with respect to
their elasticity and/or deformability, although this could
represent an important future direction for this work.

In addition to observing deformational differences of
the nonrigid pharyngeal airway, we observed translational
differences of both the hyoid and mandible between non-
irradiated and previously irradiated subjects. Notably, there
were no intergroup differences with respect to left-right dis-
placement of either structure, while anterior-posterior and
superior-inferior displacement of both structures was
greater in nonirradiated subjects. In addition to differences
in the displacement of the hyoid and mandible individually,
it is clear that the overall geometry of the neck during laryn-
goscopy differs between groups. Specifically, nonirradiated
subjects experienced a more dramatic elongation of the
space between the mandible and hyoid (8.9 mm) relative to
previously irradiated subjects (1.4 mm) in the superior-
inferior direction.

Finally, our results demonstrate an age-dependent
reduction in deformed airway volume in nonirradiated sub-
jects only, although a nonsignificant trend is observed in pre-
viously irradiated subjects as well. In our comparison of
previously irradiated and nonirradiated subjects, we observe
significant correlations between airway deformability
(as defined by deformed airway volume and change in airway
volume) and translational motion of the hyoid and mandible,
implying that the movement of the hyoid (anterior-posterior)
and mandible (anterior-posterior, superior-inferior, and left-
right) likely contributes to airway deformation or vice versa.
In contrast, there is no significant correlation between patient
age andmovement of thehyoid ormandible in any of these ori-
entations.We therefore hypothesize that differences in airway
deformability as a function of age are independent of hyoid
andmandible translation. This age-dependent decrease in air-
way volume may therefore represent tissue with increased
flaccidity rather than decreased elasticity, as we hypothesize
in the case of our previously irradiated subjects.

We believe that this work is the first to evaluate dif-
ferences in airway deformation as a function of prior radi-
ation exposure using CT imaging, thereby providing
image-based evidence to support the clinical evidence
that laryngoscopy is a particular challenge in patients
with a history of head and neck radiation.6 This work also
demonstrates the utility of advanced imaging tools (ie,
three-dimensional renderings of airway volumes as well
as bony structures such as the mandible and hyoid) to
precisely measure the impact of specific clinical interven-
tions on head and neck anatomy. Finally, the present
body of work provides a foundation upon which further
studies may build in terms of improving our understand-
ing of the effect of radiation exposure on the deformability
of upper airway tissues. For example, a repeat analysis
involving the same cohort in the future could provide
insight about the progression of tissue fibrosis over time.

There are several limitations to this study.We acknowl-
edge that our patient population was relatively small, and
that future studies should evaluate larger patient cohorts. In

addition, the differenceswe observed in airway deformability
and bony structure displacement between nonirradiated and
previously irradiated subjects could be accounted for by
unmeasured clinical variables that were not included in
our evaluation. These include prior exposures that might
promote tissue fibrosis, including the use of alcohol or
tobacco.17–20 Future studies should more precisely evaluate
the effect of radiation therapy on head and neck tissue
deformability by evaluating both pre- and postradiation ther-
apy CT images from single individuals.

This pilot study demonstrates that individuals with a
history of therapeutic radiation to the head and neck have
substantially reduced airway deformability compared with
nonirradiated subjects in the setting of operative laryngos-
copy. Furthermore, displacement of both the hyoid and
mandible were found to differ between groups, and non-
irradiated subjects were noted to have substantially
greater superior-inferior elongation of the space between
the hyoid and mandible as compared with previously irra-
diated subjects. Importantly, the differences that we
observe in airway deformation and bony structure displace-
ment cannot be accounted for by any of the clinical vari-
ables that we evaluated, although it is possible that other
unmeasured variables remain that may contribute to the
differences observed. In conclusion, this study provides CT
imaging-based evidence to support the clinical evidence
that suspension laryngoscopy is a particular challenge in
patients with a history of head and neck radiation.
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