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Objectives/Hypothesis: Dysphonia is a common problem at long-term follow-up after airway surgery for laryngotracheal
stenosis (LTS) with major impact on quality of life. Dysphonia after LTS can be caused by scar tissue from initial stenosis along
with anatomical alterations after surgery. There is need for a modality to noninvasively image structure and function of the
reconstructed upper airways including the vocal cords to assess voice outcome and possible treatment after LTS. Our objective
was to correlate vocal cord structure and function of patients after airway reconstruction for LTS on static and dynamic mag-
netic resonance imaging (MRI) to voice outcome.

Study Design: Prospective cohort study.

Methods: Voice outcome was assessed by voice questionnaires ((pediatric) Voice Handicap Index (p)VHI)) and the Dys-
phonia Severity Index (DSI). Postsurgical anatomy, airway lumen, and vocal cord thickness and movement on multiplanar static
high-resolution MRI and dynamic acquisitions during phonation was correlated to voice outcome.

Results: Forty-eight patients (age 14.4 (range 7.5-30.7) years) and 11 healthy volunteers (15.9 (8.2-28.8) years) were
included. Static MRI demonstrated vocal cord thickening in 80.9% of patients, correlated to a decrease in DSI (expected odds
0.75 [C.I. 0.58-0.96] P = .02). Dynamic MRI showed impaired vocal cord adduction during phonation in 61.7% of patients, asso-
ciated with a lower DSI score (0.65 [C.I. 0.48-0.88] P = .006).

Conclusions: In LTS patients, after airway reconstruction MRI can safely provide excellent structural and functional detail
of the vocal cords correlating to DSI, with further usefulness expected from technical refinements. We therefore suggest MRI as

a tool for extensive imaging during LTS follow-up.
Level of evidence: 3
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INTRODUCTION

Laryngotracheal stenosis (LTS) is a rare disease of
the pediatric upper airways.! Severe cases often need
treatment with either a laryngotracheal reconstruction
(LTR) or a cricotracheal resection (CTR) through open
neck surgery.? In LTR, the stenosis is enlarged with
autologous cartilage grafts with (double stage, ds) or
without (single stage, ss) a period of stenting, while in
CTR (part of) the cricoid and/or trachea is resected
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followed by a primary anastomosis.? Earlier outcome
reports have mainly focused on the success rate of surgi-
cal airway repair, with up to 95% of patients relieved of
their tracheal cannula.® However, surgery can result in
respiratory and vocal sequelae, which can have a major
impact on quality of life at long-term follow-up.*®

Studies focusing on these sequelae show dysphonia
and poor voice-related quality of life in over 75% of pedi-
atric patients after airway reconstruction for LTS.*® Dys-
phonia in these patients possibly results from the initial
stenosis at the level of the vocal cords and/or the crico-
arytenoid joints, as well as from the airway surgery itself,
which can result in scarring and disruption of the laryn-
geal framework. The placement of a posterior cartilage
graft can cause a closure defect of the posterior glottis
and scarring in that area, while a full laryngofissure can
cause disruption of the anterior commissure.*°

The current gold standard to visualize the vocal
cords is videostroboscopy, but downsides are that the
images obtained are 2D and nonquantitative and tissue
cannot objectively be characterized. Recent advances in
computed tomography (CT) and magnetic resonance
imaging (MRI) make it possible to noninvasively image
structure and function of the pediatric upper airways
including the vocal cords.!**® However, no studies have
been conducted to see if static and dynamic MR images of
the vocal cords correspond to vocal function.
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Therefore, we used static and dynamic MRI to image
the vocal cords of patients in the long-term follow-up after
open airway surgery for pediatric LTS, and correlated
these MRI findings to voice parameters. We hypothesized
that poor voice outcome would correlate to altered vocal
cord structure and function on MRI.

METHODS

All patients from the LTS outpatient follow-up clinic
were approached to participate in this study. Inclusion
criteria were as follows: history of congenital or acquired
LTS and history of LTR or CTR between 1994 (start of
airway reconstructions at our institution) and 2018.
Exclusion criteria were as follows: age below 6 years,
inability to undergo/follow MRI instructions, current
severe lung infection, oxygen usage, and presence of a tra-
cheal cannula. Healthy volunteers without airway, vocal,
or pulmonary comorbidities were included to give an
impression of the healthy upper airways on MRI.
Patients and healthy volunteers were not matched for
age and gender. The study was approved by the local
medical ethics committee (MEC2018-013) and written
informed consent was obtained from all study partici-
pants. Anatomical data were previously reported.”

Clinical Status

The following data were collected from the electronic
patient file: acquired or congenital stenosis, Cotton-Myer
Grade of stenosis,'® location of stenosis (posterior glottis/
subglottis/both), tracheal cannula before repair (Yes/No),
type of reconstruction (ss-LTR/ds-LTR/CTR, including use
of anterior and/or posterior cartilage graft), and age at
reconstruction.

(Pediatric) Voice Handicap Index

To assess voice-related quality of life, all parents of
patients younger than 16 years were asked to fill out the
validated pediatric Voice Handicap Index (pVHI), while
patients of 16 years and older filled out the VHI
indipendently.'®?! The (p)VHI includes questions on the
functional (F), physical (P), and emotional (E) effects of
dysphonia on daily life. In addition, the pVHI includes a
question on the talkativeness of the child (0: quiet

listener; to 7: very talkative) and a visual analogue scale
(VAS) on voice quality (0: normal voice, to 10: severely
affected voice). A higher (p)VHI score represents a worse
voice-related quality of life. Due to a difference in maxi-
mum scores between the pVHI and VHI, scores are also
presented as a percentage of the maximum score (pVHI:
percentage of 28 (F), 36 (P), 28 (E), and 92 (total score);
VHI: a percentage of 40 (F, P, E) and 120 (total score)).

Dysphonia Severity Index

Voice quality of patients and healthy volunteers was
measured using the Dysphonia Severity Index (DSI),
recorded with a head microphone and audio interface
(Focusrite Scarlett Solo, United Kingdom), and the analy-
sis was performed using the PRAAT software (version
6.0, University of Amsterdam, The Netherlands).?? The
DSI consists of the highest frequency (Hz), lowest inten-
sity (dB), maximum phonation time (MPT)(s), and jitter
(%). We used a head microphone, with a smaller mouth-
to-microphone distance compared to a table microphone
as used in the original study,?® therefore we applied a
translational factor of —7.5 dB on the lowest intensity.
Total score was calculated according to the original for-
mula, with a lower score representing a worse voice.?2

Magnetic Resonance Imaging Protocol

A 30-min upper airways MRI protocol was developed
and performed on a 3T scanner (Discovery MR750, GE
Healthcare, Milwaukee, WI, USA) using a dedicated
and flexible 6 channel carotid coil (Machnet B.V.,
Rhoden, The Netherlands and Flick Engineering B.V.,
Winterswijk, The Netherlands).2* The MRI protocol has
previously been published.!” Briefly, the protocol con-
sisted of static two-dimensional (2D) morphological
sequences with high in-plane resolution in three planes
(0.5 x 0.5 (in plane) x 2 mm (slice thickness)) and 2D and
3D dynamic sequences with a temporal resolution of
330 ms. The dynamic sequences consisted of 2D axial
sequences during trained maneuvres of inspiration and
“AAA” phonation separately, and a 3D cine-MRI during a
maneuvre of 2 s inspiration followed by 6 s “AAA” phona-
tion. These sequences were repeated until at least one of
the (2D or 3D) maneuvres was performed correctly.

Fig. 1. Example of the magnetic resonance imaging analysis of the static images showing (A) arytenoid prolapse, (B) vocal cord thickening,

and (C) vocal cord deviation.
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Image analysis was performed using Advantage
Windows Server (version 2.0, GE Healthcare, Milwaukee,
WI, USA) as follows (Fig. 1, online supplement 1):

Morphology assessment consisted of the presence of
arytenoid prolapse defined as protrusion of these struc-
tures into the airway lumen, altered positioning of the
vocal cords defined as deviation from the normal triangu-
lar shape between the anterior commissure and the vocal
cords, and/or vocal cord thickening. Vocal cord thickness
was measured as diameters at three consecutive levels
from posterior (at the level of the arytenoids) to anterior
(at the level of the anterior commissure). Furthermore,
the total square area of the vocal cords was measured.
Airway lumen area and anterior—posterior and transver-
sal diameters were measured between the vocal cords.
Area and diameter measurements were corrected for
height in meters.

Tissue characterization assessment consisted of the
evaluation of T2-weighted images on the presence of tis-
sue thickening and/or hyperintense signal, as signs of
fibrosis, edema, or a combination of both.'”

Dynamic assessment consisted of the evaluation of
correct performance of vocal maneuvres, defined as any
form of vocal cord adduction during phonation on 2D
dynamic images, and as any vocal cord movement on 3D
dynamic images. Images were evaluated by scoring com-
pleteness of vocal cord adduction (complete/incomplete)
and symmetry (symmetrical/ asymmetrical) and by quan-
titative measurement of the residual area between the
vocal cords during phonation. In case 2D dynamic man-
euvres were not performed correctly, no area measure-
ments were performed.

The first observer (B.E.) performed measurements
twice on 12 randomly selected MRIs to assess
intraobserver variability. Interobserver reproducibility of
measurements was tested by reanalyzing 12 MRIs by a
researcher trained in evaluating upper airways MRI.

Statistics

Data analysis was performed using SPSS Statistics
(version 25, IBM SPSS, Chicago, IL, USA). Data are pres-
ented as mean + SD or median (range or interquartile
range). Patients and healthy volunteers were compared
using the parametric ¢-test for normally distributed data
and the Mann—Whitney U test for non-normally distrib-
uted data. Correlations were tested with the Pearson’s
rho (r) for normally distributed, Spearman’s rho (ry) for
not normally distributed data, and binary logistic regres-
sion for categorical data, for all correlations the
uncorrected (p)VHI outcome was used. Intracorrelation
and intercorrelation were calculated with the intraclass
correlation coefficient. Correction for multiple testing was
not performed and a significance level of 0.05 is assumed.

RESULTS

Patient and healthy volunteer characteristics are
presented in Table I. Forty-eight patients and 11 healthy
volunteers were included with a mean age of 14.4 (range
7.5-30.7) and 15.9 (range 8.2—28.8) years.
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Total score was higher for the pVHI than for the
VHI, with highest (most impaired) items scored being the
functional and physical subscale for the pVHI and
the physical and emotional subscale for the VHI
(Table II). Parents of patients younger than 16 years
scored significantly worse on the functional and nonsig-
nificantly worse on the physical subscale, compared to
patients of 16 years and older.

Patients showed a significantly lower total DSI score
than healthy volunteers (-2.6 +24 vs. 0.68 +2.9,
P <.001), showing a decreased function on all parameters
but lowest intensity (online supplement 2).

Magnetic Resonance Imaging

In summary, static imaging showed vocal cord thick-
ening in the majority of patients (80.9%).17 In 12 patients
(25.5%), signs of fibrosis located at the vocal cords were
seen; in 6 patients (12.8%), signs of edema located at the
vocal cords were seen; and in 9 patients (19.1%), a combi-
nation of fibrosis and edema was seen. Furthermore,
impaired vocal cord movement was seen on dynamic MRI
in 34 patients (72.3%) and none of the healthy volunteers.
The most frequent finding was incomplete adduction of
the vocal cords during phonation (n = 29, 61.7%). Eleven
patients (23.4%) showed unilateral impaired vocal cord
movement. Thirty-five patients and nine healthy volun-
teers had correctly performed 2D dynamic images avail-
able for quantitative analyses, showing a nonsignificant
larger residual area between the vocal cords during pho-
nation, and significantly less change in lumen area
between inspiration and phonation in patients compared
to healthy volunteers.”

For the current study, we executed additional mea-
surements on vocal cord thickening, showing an increase
in vocal cord diameters, but no increase in vocal cord
area. Patients showed collapse of the supraglottic and
subglottic region in 59.6% and 21.3%, respectively, during
phonation. Conversely, only 30% of healthy volunteers
showed collapse of the supraglottic and none showed col-
lapse of the subglottic region during phonation. MRI find-
ings are summarized in online supplement 3, Figure 2
shows a still of a 2D dynamic sequence of a patient.

Correlations

Correlations between patient characteristics and the
residual lumen area between the vocal cords during pho-
nation as seen on MRI are presented in online supple-
ment 4. The presence of glottic scarring prior to airway
reconstruction did not correlate to the area between the
vocal cords during phonation on MRI. Furthermore, vocal
cord lumen area during phonation on MRI was not corre-
lated to the type of airway reconstruction. Nor did the
type of cartilage grafts (anterior and/or posterior) placed
have an effect on dynamic MRI findings; however, in our
cohort few patients had only one graft.

Correlations between MRI findings and voice out-
come are presented in Table III. The presence of vocal
cord thickening on MRI was significantly correlated to a
decrease in total DSI score but not (p)VHI. No
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Table I.
Patient and Healthy Volunteers Characteristics.

Patients (n = 48) Volunteers (n = 11) P value
Age at MRI (years) 14.4 (range 7.5-30.7) 15.9 (range 8.2-28.8) .92
Gender (% female) 52.1 36.4 .37
Weight (kg) 45.2 (IQR 34.5-62.3) 60.8 (IQR 31.6-74.0) .34
Height (meter) 1.6 (IQR 1.4-1.7) 1.7 (IQR 1.4-1.8) .34

Type of stenosis (%)

Cotton-Myer grade of stenosis (%)
Grade |
Grade Il
Grade llI
Grade IV

Location of stenosis (%)

Congenital 6.3
Acquired 93.8

8.3

31.3

56.3

4.2

Posterior glottis 22.9

Subglottis 35.4
Posterior glottis and subglottis 41.7

Tracheal cannula before repair (%) 79.2

Type of reconstruction (%) ss-LTR 87.5
ds- LTR 4.2
CTR 8.3

Type of graft (%*) Anterior 4.7
Posterior 9.3
Both 86.0

Age at reconstruction (years) 2.2 (IQR 1.1-4.5)

Years since reconstruction 115+ 4.6

Data are presented as percentage, mean + standard deviation or median (range or interquartile range).

*Percentage within the ss- and ds-LTR group.

CTR = cricotracheal resection; ds-LTR = double-stage laryngotracheal reconstruction; IQR = interquartile range; ss-LTR = single-stage laryngotracheal

reconstruction.
Table II.
(Pediatric) Voice Handicap Index.

pVHI, n = 31; 64.6% VHI, n=17;35.4%
Talkativeness 43+1.9 - -
Functional 10.6 £ 6.0 6.6 +5.0 *P < .001

37.9+21.5 16.5 £ 12.5
Physical 12.0 (7.0-18.0) 6.0 (1.0-4.0) .07

33.3 (19.4-50.0) 15.0 (2.5-35.0)
Emotional 4.0 (1.0-9.0) 5.0 (1.0-12.0) .86

14.3 (3.6-32.1) 12.5 (2.5-30.0)
Voice quality (VAS) 3.8+ 3.0 - -
Total score 282 +175 21.6 +18.0 *P = .02

33.7 (16.3-41.3)

14.2 (7.1-23.8)

The subscales talkativeness and voice quality (VAS) were only scored in the pVHI. Data are presented as percentage or mean =+ standard deviation, (sub)

scores presented as a percentage of maximum amount of points scores are in italic.

*P < .05.
VAS = Visual Analogue Scale; VHI = Voice Handicap Index.

correlations between tissue characterization and DSI nor
(p)VHI were found. The presence of incomplete vocal cord
adduction on MRI was strongly correlated to a decrease
in DSI score. The degree of adduction impairment,
expressed as the residual lumen area between the vocal
cords during phonation, was significantly correlated to
total DSI, but did not have an effect on (p)VHI score. Sub-
analyses between the degree of vocal cord adduction and

Laryngoscope 131: July 2021

DSI score showed that a bigger area between the vocal
cords during phonation was significantly correlated to an
increase in jitter subscore (r = 0.31, P = .04), but none of
the other subscores (MPT r = —0.09, P = .58, highest fre-
quency r = —0.16, P = .30, lowest intensity r = —0.05,
r = 0.73). The presence of supra- or subglottic collapse
during phonation on MRI did not have an effect on DSI or
(p)VHI.
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Fig. 2. Axial 2D dynamic image of the upper airways of a patient with a history of acquired LTS, post ss-LTR with an anterior and posterior
graft during inspiration (A) showing complete abduction of the vocal cords and phonation (B) showing decreased lumen but incomplete clo-
sure of the vocal cords with prolapse of the arytenoids (asterisk). LTR, laryngotracheal reconstruction; LTS, laryngotracheal stenosis

Table Ill.
Correlations between MRI, and (p)VHI and DSI.
pVHI (n = 31) VHI (h = 17) DSl (n = 59)

Static MRI

Vocal cord thickening 1.96 (0.90-1.03); P = .22 1.00 (0.93-1.06); P = .88 0.75 (0.58-0.96); P = .02

Abnormal vocal cord positioning 1.01 (0.94-1.09); P = .73 1.04 (0.98-1.10); P 0.79 (0.61-1.04); P = .09

Arytenoid prolapse 1.01 (0.96-1.06); P = .62 0.98 (0.93-1.04); P = .49 0.88 (0.71-1.08); P = .21

Presence of fibrosis 1.04 (0.99-1.09); P = .17 0.97 (0.92-1.03) P = .29 0.95 (0.74-1.21) P = .66

Presence of edema 1.05 (0.99-1.100); P = .10 1.05 (0.98-1.12); P = .16 0.90 (0.69-1.17); P = .42
Dynamic MRI

Incomplete vocal cord adduction 1.04 (0.98-1.10); P = .16 0.95 (0.89-1.01); P = 0.65 (0.48-0.88); P = .006

Supraglottic collapse 1.03 (0.98-1.09); P = .25 0.98 (0.95-1.04); P = .48 0.93 (0.77-1.13); P = .48

Subglottic collapse 1.03 (0.97-1.09); P = .37 1.00 (0.92-1.08); P = .90 0.91 (0.71-1.17); P = .46

Unilateral vocal cord movement 1.00 (0.95-1.06); P = .95 1.00 (0.95-1.07); P = 0.97 (0.71-1.33); P = .84

Area between the vocal cords during phonation r=-0.15;P = .51 r=-0.46;P =.12 r=-0.31;P=.04

Data are presented as expected odds (confidence interval) or correlation coefficient (r). P values in bold are significant (<.05).

DSI = Dysphonia Severity Index; MRI =

Intravariability and intervariability analyses showed
good to excellent consistency for all static and dynamic
MRI measurements, except for the presence of complete
abduction or adduction (online supplement 5).

DISCUSSION

This is the first study correlating MRI of the vocal
cords to voice outcome in patients after airway recon-
struction for LTS. Our findings show good correlation
between MRI and DSI and hereby show the potential of
MRI to image the vocal cords in a non- invasive and
quantitative matter. In addition, we confirm the impact
of consecutive altered anatomy and fibrosis of the vocal
tract leading to dysphonia in the post-LTS population.

The gold standard to evaluate the vocal tract is
videostroboscopy.? An important downside, however, is
that the data obtained is nonquantified. In the current
study, on static images, we were able to quantify both
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magnetic resonance imaging; (p)VHI =

pediatric Voice Handicap Index.

vocal cord thickening correlated to DSI outcome, as well
as areas and diameters at the level of the vocal cords.
Quantitative analyses revealed increased vocal cord
diameters in the majority of patients but no increase in
total vocal cord area, implicating thickening and shorten-
ing of the vocal cords. This is possibly related to altered
laryngeal architecture after surgery, extensive scarring of
the larynx, or the loss of vocal cord tension following sur-
gery, all leading to dysphonia in LTS patients after air-
way reconstruction.

We could easily visualize and score impaired vocal
cord movement on dynamic MRI in almost all patients
from the age of 7 years and above. Previous studies have
shown MR imaging of nonsedated children to be possible
from the age of 6 years.'? The vocal cord movement was
evaluated by both subjective scoring and quantitative
measurements. The quantitative measurements of vocal
cord lumen areas were better reproducible than scoring
completeness of vocal cord abduction and adduction, since
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it proved challenging to subjectively score vocal cord
movement in combination with thickening and deviation
of the vocal cords. Conversely to videostroboscopy, we
were not able to visualize vocal cord vibrations with
dynamic MRI, since it has a temporal resolution of
330 ms. This is a major downside of the MRI when com-
pared to videostroboscopy. Whether this results in missed
diagnosis of clinically relevant dysphonia in this patient
population should be focused on in future research.

An important benefit of imaging methods such as
CT and MRI is the ability to visualize the vocal cords in
a three-dimensional plane, therefore less influenced by
the strongly altered anatomy such as severe sup-
raglottic collapse.!®1%25 Supraglottic constriction dur-
ing phonation is a common compensatory mechanism in
patients with dysphonia, but can also be a sign of archi-
tectural distortion after LTS repair.'%?%27 We could
identify supraglottic collapse on MRI in the majority of
our patients, and in contrast to videostroboscopy, the
presence of supraglottic collapse did not limit the visu-
alization of the vocal cords or the assessment of vocal
cord movement.

An imaging modality of the vocal cords that can dis-
tinguish between fibrosis, edema, and inflammation could
aid the airway surgeon greatly. However, to date, this is
not possible. MRI could possibly overcome this limitation
with T1- and T2-weighted imaging, based on water con-
tent of tissue, and diffusion weighted imaging (DWI),
based on free movement of hydrogen molecules
corresponding to cellular swelling or increased tissue den-
sity.282° Although in our previous study tissue alter-
ations on T2-weighted imaging correlated to impaired
vocal cord movement on MRI, we did not find a correla-
tion between tissue alterations on and DSI nor (p)VHI in
the current study. Therefore, MRI seems not yet sensitive
enough to identify clinically relevant tissue alterations of
the vocal cords. Further protocol refinement is needed to
improve MRI capability to detect inflammation and will
be the aim of future research.

The majority of imaging studies of the vocal cords
has been done using CT.'562% The most important down-
side of CT compared to MRI is exposure to, albeit low,
ionizing- radiation.’® Comparison studies between
dynamic CT and MRI have never been reported, but our
MRI study shows excellent identification of the anatomi-
cal structures, and thereby closure defects of the vocal
cords, comparable to previous CT studies. Besides, MRI is
known to be superior over CT in terms of identification of
soft tissue structures, and might therefore better identify
various structures of the larynx such as the arytenoids
and true and false vocal cords.!? In addition, although
vocal cord dynamics have been imaged on MRI before,
this has never been done in the current population and
this is the first study making a comparison to voice
outcome, 3142

In our study population, MRI findings correlated
best to voice outcome measured by DSI. The DSI is an
objective voice measurement, but can entail limitations in
case of severe dysphonia. Examples of this are type II
and IIT voice signals influencing jitter outcome.*°
Although this was also present in our population, our
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jitter outcomes were within the expected range and the
DSI also significantly differed from healthy volunteers on
other subscales. Therefore, we do not believe that this
has impacted the correlations found in the current study.

The limited correlations between MRI findings and
voice-related quality of life on (p)VHI are most likely
because these are subjective measurements investigating
only the burden and not the severity of dysphonia. We
also found parents reporting a worse voice-related quality
of life compared to patients. This is in line with previous
quality of life research, also in LTS patients, where par-
ents tend to score lower quality of life compared to
patients.?32 The difference in voice-related quality of life
between parents and patients was not observed for the
emotional subscore. Patients reported a high impact of
dysphonia on the emotional quality of life, represented by
questions such as “I am tense when talking to others
because of my voice” and “People seem irritated by my
voice”.3® These findings are in line with our clinical expe-
rience, where patients mainly complain of the increased
burden of dysphonia on their social life during adoles-
cence. This emphasizes the importance of long-term
follow-up of dysphonia after airway reconstruction for
LTS, and shows that attention should be paid to voice-
related quality of life and differences between patient and
parent reporting.*

The most important strength of this study is that it
is the first study correlating MRI findings in patients
after airway reconstruction for LTS to voice outcome. A
weakness of this study is the small study population, with
limited patients having undergone a CTR and almost all
patients having undergone placement of a posterior carti-
lage graft during LTR. This might have led to a lack of
correlation between voice outcome and MRI findings, and
clinical parameters such as type of surgery or type of car-
tilage grafts placed and MRI findings. However, these
findings also emphasize the complex and multifactorial
relationship between post- surgical LTS and dysphonia.
On the one hand, dysphonia is caused by the presurgical
anatomy such as glottic involvement of the stenosis. On
the other hand, both LTR and CTR can cause dysphonia
in itself. In LTR, the placement of anterior and, more
importantly posterior cartilage grafts can prevent com-
plete abduction and adduction of the vocal cords.>10:2%:27
In CTR, the removal of the cricothyroid muscle can cause
dysphonia complaints.>1%3*Another limitation of this
study is the lack of comparison between MRI and the cur-
rent gold standard to image the vocal cords,
videostroboscopy. Comparison between these two modali-
ties was not the primary aim of our research but will be
the subject of follow-up research. In addition, due to the
experimental character of our research, we did not have
reference values of our quantitative measurements
available.

In conclusion, this is the first study comparing MRI
of the vocal cords to voice outcome in patients after air-
way reconstruction for LTS. Our MRI protocol can safely
and feasibly image the vocal cords in children from the
age of 7 years on and can easily be adopted in all institu-
tions. MRI has the additional benefit of extensive ana-
tomical imaging of the upper airways without ionizing-
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radiation. Further technical refinements such as protocol
improvement will contribute to the usefulness of MRI for
imaging of the upper airways. In addition, future
research should focus on direct comparison between dif-
ferent modalities to evaluate the voice. Our study sug-
gests MRI as a tool for extensive imaging of upper
airways’ structure and function in the follow-up of LTS
patients.
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