Open access

BM) Open
Sport &

Exercise
Medicine

To cite: Kolnes L-J,

Vollsater M, Rgksund 0D,

et al. Physiotherapy improves
symptoms of exercise-
induced laryngeal obstruction
in young elite athletes: a

case series. BMJ Open

Sport & Exercise Medicine
2019;5:000487. doi:10.1136/
bmjsem-2018-000487

Accepted 18 December 2018

‘ '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

"Department of Health and Care
Sciences, University of Tromsg -
The Arctic University of Norway,
Tromsg, Norway

2Department of Pediatrics,
Haukeland University Hospital,
Bergen, Norway

3Department of Clinical Science,
University of Bergen, Bergen,
Norway

*“The Faculty of Health and Social
Sciences, Western Norway
University of Applied Sciences,
Bergen, Norway

SDepartment of Sports Medicine,
Norwegian School of Sport
Sciences, Oslo, Norway

Correspondence to
Dr Liv-Jorunn Kolnes; I.j.
kolnes@uit.no

Original article

Physiotherapy improves symptoms of
exercise-induced laryngeal obstruction
in young elite athletes: a case series

Liv-Jorunn Kolnes,' Maria Vollszeter,>® Ola Drange Roksund,?* Trine Stensrud®

ABSTRACT

Objective A constricted, upper chest breathing pattern
and postural dealignments habitually accompany exercise-
induced laryngeal obstruction (EILO), but there are few
effective treatments for athletes presenting with EILO.
This case series was conducted to examine whether
physiotherapy based on principles from the Norwegian
psychomotor physiotherapy (NPMP) combined with
elements of cognitive behavioural therapy can reduce
laryngeal distress in athletes with EILO.

Methods Respiratory distress in four subjects was
examined by interview prior to a physiotherapeutic body
examination. Inappropriate laryngeal movements during
exercise were measured by the continuous laryngoscopy
exercise test, lung function was measured by flow-volume
curves, and non-specific bronchial hyper-responsiveness
was measured by a methacholine provocation test. History
of asthma, allergy and respiratory symptoms was recorded
in a modified A()UA2008 questionnaire. Parasympathetic
activity was assessed by pupillometry. All data were
gathered before and after 5 months of intervention.
Results Physiotherapy based on the principles from
NPMP improved breathing problems in athletes with

EILO. All athletes had less respiratory distress, improved
lung function at rest and reduced inappropriate laryngeal
movements during maximal exercise.

Conclusion A diaphragmatic breathing pattern, a more
balanced tension in respiratory muscles, and sound
cervical alignment and stability may help to reduce
adverse stress on the respiratory system and optimise

the function of the larynx during high-intensity exercise.
Our results suggest that understanding and management
of EILO need to extend beyond structures located in the
anterior neck and include factors influencing the whole
respiratory system.

INTRODUCTION

Adolescent athletes frequently present with
inspiratory symptoms such as dyspnoea,
throat tightness and wheezing during
high-intensity exercise or competition. The
symptomatology is consistent with exercise-in-
duced laryngeal obstruction (EILO), where a
narrowing at the glottic and/or supraglottic
level develops in otherwise healthy individ-
uals during physical exertion.'” EILO should
not be misdiagnosed as exercised-induced

What are the new findings

» Physiotherapy treatment with the aim of facilitating
a more functional pattern of breathing and cervical
posture in individuals with exercise-induced laryn-
geal obstruction (EILO) results in the following:

— A reduction in experienced respiratory distress
during high-intensity exertion.

— Areduction in inappropriate laryngeal movements
during maximal effort, according to continuous
laryngoscopy exercise tests prephysiotherapy
and postphysiotherapy treatment.

— Improved respiratory efficiency, increased minute
ventilation and tidal volume.

— Subjects being able to train and compete longer
at higher intensity before experiencing symptoms
of EILO.

— Subjects having a sense of being more in control
of their symptoms, if and when they occur.

— Subjects having increased awareness of bodily
and social features that may disrupt their breath-
ing and an improved ability to take action to avoid
stressors.

How might it impact clinical practice in the

future

» To optimise treatment, athletes with EILO should
undergo a full body assessment to identify the pat-
tern of breathing and any postural dealignments that
may negatively affect breathing.

» Clinicians should focus on normalising the breathing
and postural dealignments in the first phase of inter-
vention to see if this reduces the problem.

» The findings emphasise the need to identify and
reflect on everyday stressors in athletes with EILO
to create a healthy balance between training, com-
petition, school/study, recovery, nutritional demands,
sleep, and personal and social life.

asthma, which is localised at the bronchial
level. The prevalence of EILO in the general
adolescent population and in athletes is esti-
mated to be 7%° 7 and 35%," respectively,
and EILO appears overrepresented among
athletes involved in activities characterised
by high-intensity intervals.® The aetiology of
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EILO is not yet fully understood, and a number of theo-
ries have been proposed, including hypersensitivity,” !
structural abnormalities,m_15 increased autonomic activa-
tion'®'” and psychological causes.®

There are few effective treatments for athletes with
EILO. Treatment recommendations for exercise-in-
duced closure at the glottic level include interventions
used to manage vocal cord dysfunction, such as speech
therapy, ™ cognitive behavioural therapy** and psycho-
therapy.” ** Surgery is considered in cases of severe
supraglottic obstruction.””? To date, few studies have
examined whether physiotherapy may be an appropriate
treatment for EILO. Building on findings from singing
and voice therapy and the understanding that divergences
in bodily functions and structures are mutually related,
it has been suggested that a dysfunctional breathing
pattern, postural dealignments and a forward head
posture (FHP) may trigger laryngeal tightness during
high-intensity exercise.”™ In this case series, we examine
whether a specialised physiotherapy approach—Norwe-
gian psychomotor physiotherapy (NPMP)—targeting
postural dimensions and the breathing pattern, in combi-
nation with elements of cognitive behavioural therapy
and modification of training intensity, can help reduce
laryngeal tightness in athletes presenting with EILO.

METHODS

Subjects and study design

This study included four otherwise healthy adolescent
athletes (15-17 years) referred for physiotherapy for
treatment of EILO at a sports medicine clinic between
January and July 2017. The athletes were competing
at national or regional level in their respective sports
(biathlon, cross-country skiing, orienteering, football,
and track and field), with some competing in two sports.
Symptom duration prior to inclusion was 1.5-3 years.
Case 2 had been diagnosed with asthma in childhood,
but none of the subjects had current doctor-diagnosed
asthma. Three subjects had previously used antiasthmatic
medication with no effect. Participant characteristics are
summarised in table 1.

Respiratory distress was explored using a semistruc-
tured interview, and bodily restriction was evaluated by
physiotherapeutic body assessment. Dynamic changes
in laryngeal structures were graded using a continuous

laryngoscopy exercise (CLE) test. Lung function, bron-
chial hyperresponsiveness (BHR) and parasympathetic
activity were also measured. Data were gathered before
and after 5 months of physiotherapy.

Respiratory distress

Self-reported symptoms were explored in a semistruc-
tured interview conducted by the physiotherapist prior
to physical examination and then again after the inter-
vention. The interview was based on the questionnaire
developed by Rgksund.”! The subjects detailed their
medical history, other diagnoses and symptoms, level of
engagement in sport, exercise-related breathing symp-
toms, and the impact of breathing difficulties on their
daily life activities.

Body examination

A physiotherapeutic body examination assessed bodily
restriction and imbalances in the subjects.” Breathing,
posture, muscle tension, and function in terms of bodily
flexibility and ability to relax were evaluated and consid-
ered in relation to how they may contribute to difficulties
with inhalation during exercise (see table 2).

Laryngeal movements during exercise

Laryngeal movements were measured using the CLE
test, which was developed to monitor the larynx during a
maximal cardiopulmonary exercise test. The test permits
visualisation of inappropriate movements of laryngeal
structures during all phases of the respiratory cycle, via
the use of a fibreoptic scope projecting through the nose
towards the back of the throat and coupled to a video
camera.”* **

The scoring system assesses medial rotation of the
aryepiglottic folds and the cuneiform tubercles (ie, supra-
glottic structures) and adduction of the vocal folds (ie,
glottic structures).”* The movements are graded from
neutral (0) to a maximum score (3) at two points during
the running session: at moderate effort during the first
part of the test and at maximal exertion briefly before
exhaustion. Four subscores from 0 to 3 reflecting glottic
and supraglottic adduction at moderate (A and B) and
maximal effort (C and D) are established, and the sum
score E (E=A+B+C+D) determined.** Two experienced
testers conducted the CLE test.

Table 1 Age, training volume, respiratory symptoms, history of doctor-diagnosed allergy or asthma, and history of

antiasthmatic medication for the four cases at baseline

Participants,
male Respiratory Antiasthmatic
(J) and female Age Training volume Training volume symptoms Allergy Asthma medication
() (years) (days/week) (hours/week) (yes/no) (yes/no) (yes/no) (yes/no)
1) 14 4-6 8-10 Yes No No Yes
2(9) 17 7 10-12 Yes Yes Yes Yes
3(9) 16 7 12-14 Yes No No Yes
4(?) 15 4-6 10-12 Yes Yes No No
2 Kolnes L-J, et al. BMJ Open Sport Exerc Med 2019;5:€000487. doi:10.1136/bmjsem-2018-000487
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Measure of lung function and BHR
Lung function was measured by maximal expiratory
flow-volume curves (MasterScreen Pneumo spirometer;
CareFusion, Hochberg, Germany) according to current
guidelines.” Forced vital capacity (FVC) and forced expi-
ratory volume in 1 s (FEV)) were measured. Predicted
values are according to Quanjer et al.™

Non-specific BHR was measured by tidal breathing
using the inspiration-triggered Aerosol Provocation
System Jager (Wirzburg, Germany), and methacholine
was inhaled in doubling doses until FEV, decreased 20%
from baseline, as measured after inhalation of nebulised
isotonic saline. The provocation dose of methacholine
causing 20% reduction in F EV, (PD2OmCt) was determined
by linear interpolation on the semilogarithmic dose—
response curve. All tests were performed according to
current guidelines from the American Thoracic Society.”’

A modified allergy questionnaire for athletes
(AQUA2008), developed and validated for the assessment
of asthma, allergy and other respiratory symptoms in
athletes participating in the summer Olympic Games
in Beijing in 2008,” was administered to record history
of or present asthma, allergy and exercise-induced asth-
ma-like symptoms.

Parasympathetic activity

Autonomic regulation was assessed by pupillometry
according to Filipe et al® A portable infrared PLR-200
pupillometer (NeurOptics, California, USA) stimulated
the eye with a light flash (180 nm peak wavelength) and
measured the diameter (mm) of the pupil at the peak
of the constriction.* Pupil constriction (%) was used as
a measure of parasympathetic activity. One pupil light

response curve was recorded for each eye in each subject
and the mean values were calculated.

Intervention

The physiotherapy treatment was based on findings
from the body examination of each subject (table 3) and
consisted of massage, stretching and exercises focusing
on releasing tension in respiratory and laryngeal
muscles. The aims were to change the breathing towards
more abdominal respiration and improve postural
dealignments (in particular of the cervical spine). In
addition, treatment involved releasing tension in other
parts of the body where muscle tension was increased.
The intervention was based on the main principles of
the NPMP approach, as well as on the elements of cogni-
tive-behavioural therapy. NPMP is described in more
detail elsewhere.” The method differs from traditional
physiotherapy in that it understands the body to be a
functionally integrated entity, such that (1) constriction
in one part of the body influences the steadiness of the
entire body and (2) that lived experiences and feelings
are embedded within the body.”*’ The assessment of the
breathing pattern is of particular interest, as it is assumed
that emotional or physical stress over time may constrict
the breathing and cause tension in bodily function and
movements.”’ The approach has therapeutic potential
for individuals presenting with complications associated
with the respiratory system. The intervention also draws
on insights from the field of clinical voice therapy and
vocal pedagogy, indicating that the optimal laryngeal
position for laryngeal movements is a neutral or lower
vertical position, as opposed to an elevated position,
which may induce spasms and tightness in the larynx,

Table 3 Reported respiratory exercise-related symptoms prepsychomotor and postpsychomotor physiotherapy combined
with cognitive behavioural elements, on a scale from 1 to 5: 1=never; 2=sometimes; 3=often; 4=regularly; 5=always

Case 1 Case 2 Case 3 Case 4

Statements/Cases Pre Post Pre Post Pre Post Pre Post
| have breathing problems during low-intensity training. 1 1 1 1 1 1 1 1
| have breathing problems during high-intensity training 5 5 4 1 3 2 5 3
or sporting competitions.
The breathing problems are worse during competitions 5 1 5 1 4 2 4 4
compared with high-intensity training.
| feel tightness in my chest. 1 1 1 2 1 1 2 1
| become dizzy/nauseous and feel | am fainting. 4 2 4 1 2 1 ) 1
The breathing problems begin quickly. 1 2 3 1 4 2 3 2
The breathing problems end quickly. 1 5 S 1 4 2 4 &
| hear abnormal sounds/wheezing. 5 3 5 1 1 1 5 4
| become anxious when breathing problems occur. 5 2 2 - 2 2 - 2
| stop doing high-intensity training due to the breathing 4 5 2 1 3 2 2 2
problems.
The breathing problems continue when | stop or rest 8 1 5 1 ® 2 2 1
from the activity.
| can control the breathing problems when they occur. 3 5 3 5 2 4 1 2

4 Kolnes L-J, et al. BMJ Open Sport Exerc Med 2019;5:000487. doi:10.1136/bmjsem-2018-000487
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and that cervical stability and balanced tension in the
muscles of the neck are necessary to optimise laryngeal
function and airflow.*' ™

Adolescent athletes aspiring to elite-level performance
are exposed to multiple stressors as they strive to balance
training, competition, school, recovery, nutritional
demands, sleep, and personal and social life.* This
situation was also the case for the subjects in our study.
The sessions explored how management of everyday life
situations might contribute to overall stress levels and
examined the need to adjust priorities (eg, more time
for recovery and sleep, fewer competitions) to avoid
triggering inspiratory symptoms. The subjects were also
encouraged to reflect over dysfunctional movements
prior to the occurrence of symptoms and how to avoid
these. For instance, when training intensity increased,
some reported a tendency to elevate their shoulders, a
behaviour associated with an upward breathing move-
ment that triggers a simultaneous hyperextension of the
cervical spine and which induces stress in the laryngeal
area.

Low-intensity exercises did not trigger inspiratory
symptoms and subjects were allowed to continue these
as normal. To allow recovery of laryngeal structures and
to avoid triggering laryngeal obstruction, the subjects
were advised to engage in interval sessions with moderate
intensities, rather than high-intensity and anaerobic
threshold intervals, for the first 3—4 weeks of treatment.
As tension in the laryngeal area decreased over the first
few weeks and breathing became less high costal, the
subjects were encouraged to gradually increase training
intensity while avoiding provoking symptoms of EILO.
Each participant received 10-12 physiotherapy sessions
lasting about 50-60 min over the course of 5 months.
The sessions included a conversation prior to the phys-
ical treatment. During the first 3—4 weeks, the clients had
physiotherapy sessions once a week, and then later every
2—4 weeks.

RESULTS

Respiratory distress

The interviews revealed the subjective experience of
respiratory symptoms in each participant and the changes
post-treatment.

Case 1

Case 1 reported having experienced inspiratory breathing
problems during moderate-intensity and high-intensity
training, particularly throughout intervals but occasion-
ally also during strength training, for the past 2 years. The
difficulties prevented him from competing at a higher
level and from training as much as he wished. After the
intervention, he confirmed that the breathing problems
now occur only occasionally and are less prominent; he
tolerates higher intensities during training and competi-
tion, and can train longer without invoking respiratory
difficulties. He also feels more capable of adjusting his
training intensity to a level where breathing problems

are avoided. He believes that mental strain and stress are
important triggers for his breathing problems.

Case 2

Case 2 described having experienced inspiratory
breathing problems during moderate-intensity and
high-intensity training or competition for the past year.
Although her breathing difficulties have not affected
her engagement in sport as such, they have reduced her
training quality. She stated that her breathing problems
are triggered by mental strain and stress. After the inter-
vention, she reports being able to tolerate higher training
and competition intensity without respiratory distress,
and feels that she has fully recovered.

Case 3

Case 3 reported having experienced problems with
inspiration during moderate-intensity and high-intensity
training and competition during the past 18 months.
She stated that she would like to have trained in higher
intensity zones and competed more often, but that the
respiratory problems prevented her from doing so. After
the intervention, she reports that the breathing problems
are less prominent; she can train longer and at higher
intensities without symptoms, and the episodes are
more sporadic and less distressing. Inspiration problems
rarely arise, but may occur if she begins an interval or
competition at too high intensity. If she begins at a more
moderate pace, she manages to remain in control and to
avoid symptoms and complete the activity satisfactorily.
She sees mental strain and stress to be triggers for her
breathing problems.

Case 4

Case 4 described having experienced breathing prob-
lems during high-intensity training and competition
for the past 3 years. The problems have prevented her
from taking part in sport as much as she wants to and
from competing at her preferred level. Postintervention,
she reports that her breathing problems are reduced,
that episodes are not as distressing as before, and that
she tolerates higher training and competition intensity
without respiratory distress. She believes this change is
associated with being more in control of the situation,
as she is able to adjust training intensity to a level where
she avoids symptoms. She recognises mental strain and
stress, and swimming classes at school, to be triggers for
her breathing problems.

Table 3 shows how the participants score specific state-
ments regarding their breathing problems on a scale from
1 to 5. Overall, the inspiratory difficulties that occurred
during high-intensity training or competition pretreat-
ment were less prominent after the intervention. All
participants reported that it was easier to inhale during
physical exertion, that throat tightness was reduced, that
they could train longer and with higher intensities before
experiencing any symptoms, and also that they felt more
in control of the symptoms if and when they occurred.
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While patients with EILO typically report audible
wheeze, three of the four participants reported reduced
wheezing during high-intensity exercise post-treatment.
All subjects (except for case 2, post-treatment) recognise
mental strain and stress to be triggers for their breathing
problems, both pretreatment and post-treatment.

Bodily assessments

At the outset, the body examination of the partici-
pants revealed a constricted and upper chest pattern of
breathing, postural dealignments (typically hyperexten-
sion in the neck and/or FHP), increased tension in the
muscles of the whole body, including respiratory muscles
(eg, scalenes, sternocleidomastoids, omohyoids, upper
trapezius, intercostals), and a reduced bodily flexibility
and ability to relax. ‘Respiratory responses’, an NPMP
concept that offers some indication as to whether or not
the breathing pattern is changeable, were positive in all
cases. Post-treatment, the participants’ breathing was less
restricted, the respiratory movement to a greater extent
abdominal, and posture in general and neck posture
in particular were more aligned. Also, all participants
seemed more able to relax (eg, capable of letting go
during passive movements of the upper and lower extrem-
ities), despite sustained tension in the muscles of large
parts of the body and in the muscles of the upper body
commonly associated with the function of breathing.
Further details are provided in table 2.

Laryngeal movements

The CLE test, measuring laryngeal movements at
moderate and maximal running effort, showed a reduc-
tion in paradoxical laryngeal movements during maximal
effort post-treatment in all subjects. Inappropriate laryn-
geal movements were not apparent during moderate
efforts. Table 4 shows the test results for movements at the
glottic and supraglottic levels at moderate (A and B) and
maximal (C and D) effort pretreatment and post-treat-
ment for each subject, as well as the sum score (E). A CLE
sum score <1 is considered a normal laryngeal response.

Lung function, BHR and exercise test results

Table 5 shows increased lung function in terms of FVC
and FEV, and a tendency towards improved minute venti-
lation and tidal volume post-treatment in cases 1, 3 and 4.
Case 2 had a moderate BHR pretreatment (PD, - 3.57
pmol) and was still bronchial hyper-responsive (PD,
1.68 pmol) post-treatment. The maximal oxygen uptake
(VOQmax) was stable in all cases pretreatment and
post-treatment, except for case 2 where VO, and tidal
volume were significantly reduced post-treatment.

Parasympathetic activity
No changes in parasympathetic variables were observed
from pretreatment to post-treatment (results not shown).

DISCUSSION

The findings of this case series suggest that physiotherapy
based on the principles of NPMP combined with elements
of cognitive behavioural therapy can reduce symptoms
in athletes with EILO. The four participants report a
reduction in inspiratory problems during high-intensity
training and/or competition, they are capable of training
longer and with higher intensity before detecting any
symptoms, and they feel more in control of the symp-
toms if and when they occur. The subjects also seem more
relaxed in their bodies, their breathing is less restricted,
and the respiratory movement is more abdominal
post-treatment. Further, postural alignment in general,
and cervical posture in particular, has improved, and the
participants are more aware of the need to keep the neck
in a neutral position to optimise air passage through
the larynx during strenuous physical exertion. In addi-
tion, the results from the CLE test show a post-treatment
reduction in inappropriate laryngeal movements during
maximal effort in all cases. Finally, all cases increased
their FVC and FEVI, and there was a tendency towards
improved minute ventilation and tidal volume post-treat-
ment. The length of the intervention (5 months) was
important given that readjustment of bodily restrictions
(including respiratory) and habitual patterns, as well as

Table 4 Measures of laryngeal movements during moderate and maximal exertions by the continuous laryngoscopy exercise

test. Maximum possible sum score at maximal effort is 6 (C+D).

Pre-treatment test: movements at moderate (A and B) and

maximal (C and D) effort

Post-treatment test: movements at moderate (A and B)
and maximal (C and D) effort

Supraglottic medial

Supraglottic medial

Glottic adduction* rotationt Glottic adduction rotation
Case A C D Sum (E) A C B D Sum (E)
1 0 2 0 2 4 0 1 0 1 2
2 0 2 0 1 3 0 0 0 1 1
3 0 1 0 1 2 0 0 0 1 1
4 0 2 0 1 3 0 1 0 1 2
The maximum possible sum score at maximal effort is 6 (C+D).
*Of the vocal folds.
1Of aryepiglottic folds and cuneiform tubercles.
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modifying their training and competition intensity seems
to have increased their feeling of being in charge of the
situation, and reduced the anxiousness and mental stress
associated with respiratory distress.

The lack of changes in parasympathetic variables may
be attributable to the measurement procedure, as Stang et
al® recently suggested. Afferent fibres in the vagal nerve
mediate constriction of smooth muscles of the upper and
lower airways, as well as bradycardia. This may explain
why there is a link between regulation of the heart and
the airways, but not the pupils.”

Strengths and limitations

Conducting a study where athletes with EILO undergo
physiotherapy treatment over such a long time (5
months) is demanding, and to our knowledge this study is
the first of its kind. Although the number of participants
was small, a key strength of this study is the diversity of
methodological approaches employed, including objec-
tively measured variables from the lung function test,
recordings from the CLE test, qualitative data from the
semistructured interviews and clinical body assessments.
The physiotherapist’s continuous clinical observation of
the athletes from pretreatment to post-treatment may
also be considered a particular strength of the study. All
results point towards reduced respiratory distress during
high-intensity exertion in the subjects.

While generalisation of data gathered from these four
young athletes is not possible, this pilot study may form
the basis for further investigations of physiotherapy treat-
ment efficacy in athletes suffering from EILO. It may be
valuable, for instance, to video-record athletes with EILO
during training and competition. This would offer rich
data about breathing pattern and cervical alignment
during physical exertion, and could possibly help the
athletes to change their breathing patterns by enabling
them to study their own bodily habits/adaptations more
closely. Given the presumed importance of abdominal
breathing for optimal function of the larynx,30 a more
comprehensive study of diaphragmatic movements, or
the lack of such, in individuals with EILO would also be
worthwhile.

Despite the CLE test being widely used, the scoring
system may have weaknesses in terms of reliability in clas-
sifying the severity of EILO, as the classification can vary
depending on the experience and skills of the testers.”* >

CONCLUSION

The present study indicates that physiotherapy treatment
based on the principles from NPMP improves breathing
problems in athletes with EILO. All athletes had less
respiratory distress, improved lung function at rest and
reduced inappropriate laryngeal movements during
maximal exercise. We suggest that a diaphragmatic
breathing pattern, a more balanced tension in respira-
tory muscles, and sound cervical alignment and stability
are key components in reducing adverse stress on the
respiratory system and optimising laryngeal function

during high-intensity exercise. Our results support the
view that the understanding and management of EILO
need to extend beyond structures located in the anterior
neck and include factors influencing the whole respira-
tory system.

Acknowledgements The authors are grateful for some financial support from the
foundation for promoting sports medicine and sports physiotherapy in Norway, and
are indebted to the athletes who agreed to participate in the study.

Contributors L-JK has made substantial contributions to conception and design,
coordination of the paper, and drafting and revising the manuscript before
submission. She has performed the physical examinations and physiotherapy
treatment. TS has made substantial contribution to conception and design, and
drafting and revising the manuscript. She measured lung function and bronchial
hyper-responsiveness. MV and ODR conducted the CLE test, and have made
substantial contribution to conception and design and revising of the manuscript.
All authors have given their approval of the final version to be submitted.

Funding The study has received some financial support from the foundation for
promoting sports medicine and sports physiotherapy in Norway.

Competing interests None declared.
Patient consent for publication Obtained.

Ethics approval The study received ethical approval from the Regional Ethics
Committee of Southern Norway (REC, 2016/1723).

Provenance and peer review Not commissioned; internally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Hall A, Thomas M, Sandhu G, et al. Exercise-induced laryngeal
obstruction: a common and overlooked cause of exertional
breathlessness. Br J Gen Pract 2016;66:6683-e685.

2. Hull JH, Hull PJ, Parsons JP, et al. Approach to the diagnosis and
management of suspected exercise-induced bronchoconstriction by
primary care physicians. BMC Pulm Med 2009;9:29.

3. Nielsen EW, Hull JH, Backer V. High prevalence of exercise-
induced laryngeal obstruction in athletes. Med Sci Sports Exerc
2013;45:2030-5.

4. Roksund OD, Heimdal JH, Clemm H, et al. Exercise inducible
laryngeal obstruction: diagnostics and management. Paediatr Respir
Rev 2017;21:86-94.

5. Roeksund OD, Heimdal JH, Olofsson J, et al. Larynx during exercise:
the unexplored bottleneck of the airways. Eur Arch Otorhinolaryngol
2015;272:2101-9.

6. Christensen PM, Thomsen SF, Rasmussen N, et al. Exercise-induced
laryngeal obstructions: prevalence and symptoms in the general
public. Eur Arch Otorhinolaryngol 2011;268:1313-9.

7. Johansson H, Norlander K, Berglund L, et al. Prevalence of
exercise-induced bronchoconstriction and exercise-induced
laryngeal obstruction in a general adolescent population. Thorax
2015;70:57-63.

8. Rundell K, Weiss PMD. Exercise-induced bronchoconstriction and
vocal cord dysfunction: two sides of the same coin? Curr Sports
Med Rep 2013;12:41-6.

9. Ayres JG, Mansur AH, Dysfunction VC. Vocal cord dysfunction and
severe asthma: considering the total airway. Am J Respir Crit Care
Med 2011;184:2-3.

10. Benninger C, Parsons JP, Mastronarde JG. Vocal cord dysfunction
and asthma. Curr Opin Pulm Med 2011;17:45-9.

11. Perkner JJ, Fennelly KP, Balkissoon R, et al. Irritant-associated vocal
cord dysfunction. J Occup Environ Med 1998;40:136-43.

12. Hocevar-Boltezar |, Krivec U, Sereg-Bahar M. Laryngeal sensitivity
testing in youth with exercise-inducible laryngeal obstruction. Int J
Rehabil Res 2017;40:146-51.

13. Wysocki J, Kielska E, Orszulak P, et al. Measurements of pre- and
postpubertal human larynx: a cadaver study. Surg Radiol Anat
2008;30:191-9.

8 Kolnes L-J, et al. BMJ Open Sport Exerc Med 2019;5:€000487. doi:10.1136/bmjsem-2018-000487

1ybuAdoo
Aq pa1oaloid 1senb Ag 6T0Z AeN v2 uo jwod fwg wasuadolwig//:dny woly papeojumod "6T0Z Alenuer £2 Uo /87000-8T0Z-Waslwa/9eTT 0T Se paysiignd 1siy :pa 21ex3 uods uado rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.3399/bjgp16X687001
http://dx.doi.org/10.1186/1471-2466-9-29
http://dx.doi.org/10.1249/MSS.0b013e318298b19a
http://dx.doi.org/10.1016/j.prrv.2016.07.003
http://dx.doi.org/10.1016/j.prrv.2016.07.003
http://dx.doi.org/10.1007/s00405-014-3159-3
http://dx.doi.org/10.1007/s00405-011-1612-0
http://dx.doi.org/10.1136/thoraxjnl-2014-205738
http://dx.doi.org/10.1249/JSR.0b013e318281e471
http://dx.doi.org/10.1249/JSR.0b013e318281e471
http://dx.doi.org/10.1164/rccm.201103-0582ED
http://dx.doi.org/10.1164/rccm.201103-0582ED
http://dx.doi.org/10.1097/MCP.0b013e32834130ee
http://dx.doi.org/10.1097/00043764-199802000-00009
http://dx.doi.org/10.1097/MRR.0000000000000222
http://dx.doi.org/10.1097/MRR.0000000000000222
http://dx.doi.org/10.1007/s00276-008-0307-8
http://bmjopensem.bmj.com/

I

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Castelli WA, Ramirez PC, Nasjleti CE. Linear growth study of the
pharyngeal cavity. J Dent Res 1973;52:1245-8.

Morris MJ, Christopher KL. Diagnostic criteria for the classification
of vocal cord dysfunction. Chest 2010;138:1213-23.

Ayres JG, Gabbott PL. Vocal cord dysfunction and laryngeal
hyperresponsiveness: a function of altered autonomic balance?
Thorax 2002;57:284-5.

Idrees M, FitzGerald JM. Vocal cord dysfunction in bronchial asthma.
A review article. J Asthma 2015;52:327-35.

Powell SA, Nguyen CT, Gaziano J, et al. Mass psychogenic illness
presenting as acute stridor in an adolescent female cohort. Ann Otol
Rhinol Laryngol 2007;116:525-31.

Christopher KL, Morris MJ, Dysfunction VC. Vocal cord dysfunction,
paradoxic vocal fold motion, or laryngomalacia? Our understanding
requires an interdisciplinary approach. Otolaryngol Clin North Am
2010;43:43-66.

Newsham KR, Klaben BK, Miller VJ, et al. Paradoxical vocal-cord
dysfunction: management in athletes. J Athl Train 2002;37:325-8.
Mathers-Schmidt BA. Paradoxical vocal fold motion: a tutorial on a
complex disorder and the speech-language pathologist’s role. Am J
Speech Lang Pathol 2001;10:111-25.

Sullivan MD, Heywood BM, Beukelman DR. A treatment for

vocal cord dysfunction in female athletes: an outcome study.
Laryngoscope 2001;111:1751-5.

Patel RR, Venediktov R, Schooling T, et al. Evidence-based
systematic review: effects of speech-language pathology treatment
for individuals with paradoxical vocal fold motion. Am J Speech
Lang Pathol 2015;24:566-84.

Richards-Mauzé MM, Banez GA. Vocal cord dysfunction: evaluation
of a four-session cognitive-behavioral intervention. Clin Pract Pediatr
Psychol 2014;2:27-38.

McQuaid EL, Spieth LE, Spirito A. The pediatric psychologist's

role in differential diagnosis: vocal-cord dysfunction presenting as
asthma. J Pediatr Psychol 1997;22:739-48.

Olin JT, Clary MS, Deardorff EH, et al. Inducible laryngeal obstruction
during exercise: moving beyond vocal cords with new insights. Phys
Sportsmed 2015;43:13-21.

Maat RC, Hilland M, Reksund OD, et al. Exercise-induced laryngeal
obstruction: natural history and effect of surgical treatment. Eur Arch
Otorhinolaryngol 2011;268:1485-92.

Norlander K, Johansson H, Jansson C, et al. Surgical treatment is
effective in severe cases of exercise-induced laryngeal obstruction:
A follow-up study. Acta Otolaryngol 2015;135:1152-9.

Mehlum CS, Walsted ES, Godballe C, et al. Supraglottoplasty as
treatment of exercise induced laryngeal obstruction (EILO). Eur Arch
Otorhinolaryngol 2016;273:945-51.

Kolnes L-J, Stensrud T. Exercise-induced laryngeal obstruction

in athletes: contributory factors and treatment implications.
Physiotherapy Theory and Practice 2018;31:1-12.

Roksund OD. Larynx in exercising humans - the unexplored bottleneck
of the airways. Bergen Norway: University of Bergen, 2012.

Bunkan BH, Thornquist EP. Psychomotor therapy: an approach

to the evaluation and treatment of psychosomatic disorders. Int
Perspect Phys Ther 1990;5:45-74.

Heimdal JH, Roksund OD, Halvorsen T, et al. Continuous
laryngoscopy exercise test: a method for visualizing laryngeal
dysfunction during exercise. Laryngoscope 2006;116:52-7.

Maat RC, Roksund OD, Halvorsen T, et al. Audiovisual assessment
of exercise-induced laryngeal obstruction: reliability and validity of
observations. Eur Arch Otorhinolaryngol 2009;266:1929-36.

Miller MR. Standardisation of spirometry. Eur Respir J
2005;26:319-38.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Open access

Quanijer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference
values for spirometry for the 3-95-yr age range: the global lung
function 2012 equations. Eur Respir J 2012;40:1324-43.

Crapo RO, Casaburi R, Coates AL. Guidelines for methacholine
and exercise challenge testing-1999. This official statement of
the American thoracic society was adopted by the ATS board of
directors, July 1999. Am J Respir Crit Care Med 2000;163:292-3.
Bonini M, Braido F, Baiardini |, et al. Aqua: allergy questionnaire
for athletes. Development and validation. Med Sci Sports Exerc
2009;41:1034-41.

Filipe JA, Falcao-Reis F, Castro-Correia J, et al. Assessment of
autonomic function in high level athletes by pupillometry. Auton
Neurosci 2003;104:66-72.

Kolnes LJ. Exercise and physical therapy help restore body and
self in clients with severe anorexia nervosa. J Bodyw Mov Ther
2017;21:481-94.

Mathieson L, Hirani SP, Epstein R, et al. Laryngeal manual
therapy: a preliminary study to examine its treatment effects

in the management of muscle tension dysphonia. J Voice
2009;23:353-66.

Rubin JS, Mathieson L, Blake E. Posture and voice. J Singing
2004;60:271--5.

Van Houtte E, Van Lierde K, Claeys S. Pathophysiology and
treatment of muscle tension dysphonia: a review of the current
knowledge. J Voice 2011;25:202-7.

Cardoso R, Meneses RF, Lumini-Oliveira J. The Effectiveness of
physiotherapy and complementary therapies on voice disorders:
a systematic review of randomized controlled trials. Front Med
2017;4:45.

Craig J, Tomlinson C, Stevens K, et al. Combining voice therapy
and physical therapy: a novel approach to treating muscle tension
dysphonia. J Commun Disord 2015;58:169-78.

Tomlinson CA, Archer KR. Manual therapy and exercise to improve
outcomes in patients with muscle tension dysphonia: a case series.
Phys Ther 2015;95:117-28.

Kennard EJ, Lieberman J, Saaid A, et al. A Preliminary comparison
of laryngeal manipulation and postural treatment on voice
quality in a prospective randomized crossover study. J Voice
2015;29:751-4.

Staes FF, Jansen L, Vilette A, et al. Physical therapy as a means to
optimize posture and voice parameters in student classical singers:
a case report. J Voice 2011;25:€91-e101.

Kristiansen E, Stensrud T. Young female handball players and
sport specialisation: how do they cope with the transition from
primary school into a secondary sport school? Br J Sports Med
2017;51:58-63.

Bunkan BH. [Psychomotor physiotherapy--principles and
guidelines]. Tidsskr Nor Laegeforen 2001;121:2845-8.

O'Donnell DE, Ora J, Webb KA, et al. Mechanisms of activity-
related dyspnea in pulmonary diseases. Respir Physiol Neurobiol
2009;167:116-32.

Wallden M. The diaphragm — more than an inspired design.
Physiother Theor Pr 2017;21:342-9.

Stang J, Stensrud T, Mowinckel P, et al. Parasympathetic activity
and bronchial hyperresponsiveness in athletes. Med Sci Sports
Exerc 2016;48:2100-7.

Walsted ES, Hull JH, Hvedstrup J, et al. Validity and reliability

of grade scoring in the diagnosis of exercise-induced laryngeal
obstruction. ERJ Open Res 2017;3:00070-2017-9.

Liyanagedara S, McLeod R, Elhassan HA. Exercise induced
laryngeal obstruction: a review of diagnosis and management.
European Archives of Oto-Rhino-Laryngology 2016:1-9.

Kolnes L-J, et al. BMJ Open Sport Exerc Med 2019;5:6000487. doi:10.1136/bmjsem-2018-000487

1ybuAdoo
Aq pa1oaloid 1senb Ag 6T0Z AeN v2 uo jwod fwg wasuadolwig//:dny woly papeojumod "6T0Z Alenuer £2 Uo /87000-8T0Z-Waslwa/9eTT 0T Se paysiignd 1siy :pa 21ex3 uods uado rINg


http://dx.doi.org/10.1177/00220345730520061401
http://dx.doi.org/10.1378/chest.09-2944
http://dx.doi.org/10.1136/thorax.57.4.284
http://dx.doi.org/10.3109/02770903.2014.982288
http://dx.doi.org/10.1177/000348940711600708
http://dx.doi.org/10.1177/000348940711600708
http://dx.doi.org/10.1016/j.otc.2009.12.002
http://www.ncbi.nlm.nih.gov/pubmed/12937590
http://dx.doi.org/10.1044/1058-0360%282001/012%29
http://dx.doi.org/10.1044/1058-0360%282001/012%29
http://dx.doi.org/10.1097/00005537-200110000-00016
http://dx.doi.org/10.1044/2015_AJSLP-14-0120
http://dx.doi.org/10.1044/2015_AJSLP-14-0120
http://dx.doi.org/10.1037/cpp0000044
http://dx.doi.org/10.1037/cpp0000044
http://dx.doi.org/10.1093/jpepsy/22.5.739
http://dx.doi.org/10.1080/00913847.2015.1007026
http://dx.doi.org/10.1080/00913847.2015.1007026
http://dx.doi.org/10.1007/s00405-011-1656-1
http://dx.doi.org/10.1007/s00405-011-1656-1
http://dx.doi.org/10.3109/00016489.2015.1062548
http://dx.doi.org/10.1007/s00405-015-3823-2
http://dx.doi.org/10.1007/s00405-015-3823-2
http://dx.doi.org/10.1080/09593985.2018.1474306
http://dx.doi.org/10.1097/01.mlg.0000184528.16229.ba
http://dx.doi.org/10.1007/s00405-009-1030-8
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1183/09031936.00080312
http://dx.doi.org/10.1249/MSS.0b013e318193c663
http://dx.doi.org/10.1016/S1566-0702(02)00268-0
http://dx.doi.org/10.1016/S1566-0702(02)00268-0
http://dx.doi.org/10.1016/j.jbmt.2016.09.005
http://dx.doi.org/10.1016/j.jvoice.2007.10.002
http://dx.doi.org/10.1016/j.jvoice.2009.10.009
http://dx.doi.org/10.3389/fmed.2017.00045
http://dx.doi.org/10.1016/j.jcomdis.2015.05.001
http://dx.doi.org/10.2522/ptj.20130547
http://dx.doi.org/10.1016/j.jvoice.2014.09.026
http://dx.doi.org/10.1016/j.jvoice.2009.10.012
http://dx.doi.org/10.1136/bjsports-2016-096435
http://www.ncbi.nlm.nih.gov/pubmed/11706495
http://dx.doi.org/10.1016/j.resp.2009.01.010
http://dx.doi.org/10.1016/j.jbmt.2017.03.013
http://dx.doi.org/10.1249/MSS.0000000000001008
http://dx.doi.org/10.1249/MSS.0000000000001008
http://dx.doi.org/10.1183/23120541.00070-2017
http://bmjopensem.bmj.com/

	Physiotherapy improves symptoms of exercise-induced laryngeal obstruction in young elite athletes: a case series
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Subjects and study design
	Respiratory distress
	Body examination
	Laryngeal movements during exercise
	Measure of lung function and BHR
	Parasympathetic activity
	Intervention

	Results
	Respiratory distress
	Case 1
	Case 2
	Case 3
	Case 4

	Bodily assessments
	Laryngeal movements
	Lung function, BHR and exercise test results
	Parasympathetic activity

	Discussion
	How might NPMP reduce respiratory symptoms?
	Strengths and limitations

	Conclusion
	References


