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ABSTRACT

BACKGROUND: Brain damage can affect several functions related to speech production leading to dysphonia and dysarthria. Most rehabilita-
tion treatments focus on articulation training rather than on pneumophonic coordination and respiratory muscle strength. Respiratory training
using an intermitted positive pressure breathing (IPPB) ventilator can be used for this last purpose; no agreement on a standard protocol has
been reached to date.

AIM: To evaluate the feasibility and the effectiveness of a standardized incremental protocol of respiratory training using IPPB to treat dyspho-
nia and dysarthria.

DESIGN: Case series study.

SETTING: Neuropsychological Rehabilitation Unit in an Italian Neurorehabilitation Division.

POPULATION: Thirty-two subjects with dysphonia and dysarthria resulting from neurological lesion.

METHODS: Participants were assessed using clinical evaluation scales (GIRBAS scale of dysphonia, Robertson dysarthria profile), respiratory
function test, and arterial blood gas analysis in air. The evaluations were performed at baseline and after 20 sessions of respiratory training with
IPPB. The protocol provided a default increment of ventilator parameters. All subjects also underwent a standard speech and language therapy
treatment. A satisfaction survey to assess acceptability and the Goal Attainment Scale were applied.

RESULTS: All participants fulfilled the protocol. No complications or discomfort were reported. Subjects’ satisfaction at survey was 97.7%.
After respiratory training, all respiratory function parameters increased, but only maximal voluntary ventilation (MVV), maximum inspira-
tory pressure (MIP), and maximum expiratory pressure (MEP) were statistically significant (P<0.05). Clinical evaluation scales significantly
improved (P<0.05). Correlation between respiratory function parameters and clinical evaluation scales showed a moderate correlation between
MVV, MEP, MIP, and Robertson dysarthria profile (P<0.01). A weak correlation was found between MIP, MVV, and GIRBAS scale (P<0.05).
CONCLUSIONS: Our protocol showed to be practical and well-tolerated. After respiratory training, MVV, MIP and MEP improved in signifi-
cantly. Clinical scale scores improved in all participants.

CLINICAL REHABILITATION IMPACT: Respiratory training using IPPB ventilator can be useful in implementing speech and language treat-
ments in subjects with dysphonia and dysarthria linked to brain injury.

(Cite this article as: Perin C, Mazzucchelli M, Piscitelli D, Braghetto G, Meroni R, Cornaggia CM, et al. Feasibility of a standardized protocol
for respiratory training with intermitted positive pressure breathing ventilator application in dysphonia and dysarthria. Eur J Phys Rehabil Med
2022;58:218-24. DOI: 10.23736/S1973-9087.21.06946-X)
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ysphonia and dysarthria are acquired neurological ry! and affects about 20-40% of post-stroke individuals.3-5
communication disorders associated with decreased In degenerative conditions (e.g., Parkinsonian disorders),
health-related quality of life.l: 2 Dysarthria occurs in ap- dysphonia and dysarthria incidence ranges from 70% to
proximately 10-60% of survivors of traumatic brain inju- 100%.2 Their impact affects physical and psychosocial
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features, resulting in a severe disability worsening pa-
tients’ activity and social participation.6

Brain damage may compromise several speech produc-
tion functions, such as respiration, phonation, articulation,
and prosody; therefore, some authors use the term “dysar-
throphonopneumia.””?

The main goal in treating speech disorders is improv-
ing articulation communication abilities, considering all
dimensions of the International Classification of Function-
ing, Disability and Health (ICF) Framework.!. 8 Several
speech rehabilitation therapies, such as traditional behav-
ioral approaches and new therapeutic options, have been
proposed to address impaired function of speech produc-
tion.5 9 10 However, according to recent reviews, the evi-
dence is lacking about the best treatment options, and as
well as indications on the optimal duration or intensity of
standard care are missing.!. % 10

An essential aspect to consider is respiratory/phonatory
dysfunction.!l. 12 According to some authors,!3 the recov-
ery of post-stroke dysarthria is dependent on the improve-
ment of respiratory function because the basis of sound
production is supported by the volume and control of re-
spiratory airflow.

Post-stroke individuals often experience dysarthria as-
sociated with disordered breath control.!4 Stroke may lead
to reduced respiratory muscle strength!s: 16, prolonged
bed rest and pulmonary complications (e.g., pneumonia),
with high risk of mortality.!7 Individuals with Parkinson’s
disease (PD) may also experience significant respiratory
changes, including increased chest wall rigidity and de-
creased respiratory muscle strength and coordination.
These impairments affect mechanisms related to speech
and breathing, leading the individual to rely more on ac-
tive muscle forces. The increased use of active muscle
forces makes speech less effective, more effortful, and fa-
tiguing.18. 19

For these reasons, an efficient coordination pattern be-
tween breath and speech and increased strength of respi-
ratory muscles would be recommended.!3 Traditional re-
spiratory/phonatory interventions include respiratory/pho-
natory exercises with postural adjustments, appropriate
speech-breathing patterns, and effort closure techniques to
ameliorate pneumophonic coordination.20

Respiratory muscle strength training focuses on in-
creasing the force-generating capacity of inspiratory and
expiratory muscles.2! Previous studies demonstrated the
effectiveness of respiratory muscle strength training in
increasing respiratory muscle strength?2.23 and improving
speech breathing!® in neurological conditions. Various de-
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vices and protocols have been used to improve respiratory
muscle strength.24 To our knowledge, there are no reports
that considered the use of an intermittent positive pressure
breathing (IPPB) ventilator with an incremental protocol
for treating dysphonia and dysarthria.

IPPB ventilatory systems have great importance in re-
spiratory rehabilitation and have been used to treat pul-
monary complications in veterans.2S In the last 20 years,
the IPPB ventilator has been used in respiratory deficits
related to chest wall deformation (kyphoscoliosis),2¢ de-
generative respiratory muscles deficits2? and chronic ob-
structive pulmonary disease.28

IPPB is used in clinical practice primarily to improve
lung volume and to reduce breathing work.28 The mecha-
nism of action is based on the tidal volume (V1) increase.
The device delivers a low positive pressure level during
spontaneous breathing; inspiratory flow and the end-inspi-
ratory pressure can be set to improve patient comfort. An
interesting feature is the fact that the trigger for respiratory
act follows spontaneous breathing, and this may help the
breathing pattern by encouraging coordination and stimu-
lating muscle strength.

This poses the basis for the potential use for speech and
language therapy. Interestingly, respiratory training with
IPPB may help patients to improve their respirator pat-
tern by enhancing pulmonary compliance and increasing
respiratory muscle strength, in line with other approaches
like the Lee Silverman Voice Treatment (LSVT®) that
aims at maximizing phonatory and respiratory functions.?®
However, to the best of our knowledge, there is no agree-
ment on a standard protocol for its use in dysphonia and
dysarthria. Therefore, the first aim of this study was to
evaluate if a standardized incremental protocol of respira-
tory therapy with IPPB is feasible in clinical practice for
treating dysphonia and dysarthria linked to neurological
conditions. The second aim was to investigate the effects
of this respiratory treatment combined with traditional
speech therapy on respiratory function parameters and
clinical outcomes.

Materials and methods
Participants

This study included subjects suffering from dysphonia
and/or dysarthria due to traumatic brain injury, stoke or
extrapyramidal disorders (Parkinson, MSA). Study partic-
ipants were recruited among consecutively admitted sub-
jects to the Neuropsychological Rehabilitation Unit of Is-
tituti Clinici Zucchi in Carate Brianza from 2016 to 2017.
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To be included in the study, subjects needed to be in
stable neurological and cardiopneumological conditions
(assessed with neurological and cardio-pneumological ex-
amination, ECG, chest x-rays, blood pressure, pulse and
saturation monitoring) and able to express consent to take
part in the experimental protocol. Exclusion criteria were
the following: assisted respiration, in home-treatment with
respiratory machines, non-treated PNX, intracranial pres-
sure over 15mmHg (primitive or secondary), history of
heart failure, trachea-esophageal fistula, recent esophageal
surgery, hemoptysis of unknown origin in 3 months before
the treatment, nausea, acrophagia, hiccups, active untreat-
ed tuberculosis, radiographic evidence of bleb.30

The study was conducted following the declaration of
Helsinki and was approved by the local Ethics Committee.
All participants signed an informed consent form prior to
participation.

Outcomes

The following outcome measures were collected.

Demographic data were obtained at the baseline as-
sessment. Dysarthria was quantified using the Robertson
dysarthria profile that contains eight domains (respiration,
phonation, facial musculature, diadochokinesis, oral re-
flexes, articulation, intelligibility, prosody), each including
5-20 items (rated on a 4-point scale) evaluating the sub-
ject’s speech performance ability. The total score ranges
from 0 to 280 (the greater the score, the better the speech
performance).3!

Dysphonia was assessed using the GIRBAS scale. It
provides a perceptual evaluation of voice according to
five parameters: Grade (overall impression), Roughness,
Breathiness, Asthenicity and Strain. Each parameter is rat-
ed on a0 to 3 scale, where 0 indicates normality; 1, a slight
deviance; 2, a moderate deviance; and 3, a severe deviance
from normal.32 An expert speech therapist (>20 years of
experience) administered both scales.

Cognitive impairment was tested with Mini-Mental
State Examination (MMSE).33 The Zung Self-Rating De-
pression Scale34 was also used to account for possible
psychological interference in compliance. The Goal At-
tainment Scale (GAS)35 was used to select each patient’s
rehabilitation treatment goals and to calculate the extent to
which a patient’s goal was met.

Spirometry examination was performed using a por-
table spirometer (Spirobank by CareFusion). Maximum
inspiratory pressure (MIP) and maximum expiratory pres-
sure (MEP) evaluation were carried out using a portable
manometer (Micro RPM by CareFusion). Arterial blood
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TABLE L.—Satisfaction survey.

Satisfaction survey

Number of treatments completed

Number of treatments not completed

Did you enjoy the treatment?

Did you find the treatment interesting?

Did you find the treatment easy to perform?

Did you find the treatment boring?

Did you find the treatment painful?

Did you find the treatment strenuous?

Did you experience short breath after the treatment?

Did you find the treatment made you feel dizzy?

Did you find the treatment caused nausea?

Did you find the treatment caused headache?

Did you find the treatment caused vertigo?

Did you find the treatment caused heart rate increment?

Did you find the treatment caused hiccough?

Would you like to participate to other rehabilitation programs like the
one you concluded?

gas analysis in air (Hemogasanalizer Osmetech Opti CCA)
was done to evaluate arterial pH, pO, and pCO,.

A satisfaction survey was administrated to assess the
protocol acceptability. A questionnaire was developed on
purpose, using a Likert Scale to evaluate the patient’s ex-
perience. Each item scored from 1 to 7, where 1 represents
strongly disagree and 7 strongly agree. The survey items
are reported in Table 1.

Interventions

Respiratory training consisted of 20 non-invasive ventila-
tory therapy sessions with IPPB lasting 15 minutes each,
three times/week. Each session consisted of 4 series of 10
respiratory acts each, with a pause of 2 minutes within each
series. The treatment was considered clinically relevant if
the patient tolerated at least 25 hPa (minimum effective
value considered for rehabilitation in pneumology accord-
ing to clinical practice). IPPB Ventilator Alpha 2000 was
used for the treatment. This device allowed four different
expiratory resistances with linear progression. Participants
wore a nose clip during treatments and were connected
with the IPPB machine using a snorkel or a face mask. To
monitor the intervention safety, blood pressure, heart rate,
and blood oxygen saturation were measured before and af-
ter each session.

The respiratory protocol was defined with a pneumolo-
gist specialized in respiratory physiopathology targeting
respiratory muscle strength training and measuring respi-
ratory function parameters to prove its effectiveness. The
first two sessions were pre-training sessions, with only
five breaths for each series. Protocol parameters could
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TABLE Il.—Description of incremental protocol for respiratory
training with IPPB.

Maximum

Teamentdey | mard s b (Umin) reosanes
1-2 15 -1 40 1.0
3 15 2 40 1.5
4 16 2 37 1.5
5 17 -2 34 1.5
6 18 2 31 15
7 19 ) 28 1.5
8 20 2 25 1.5
9 20 2 40 2
11 22 2 34 2
12 23 2 31 2
13 24 -2 28 2
15 25* ) 40 25
e 26 2 37 25
17 27 -2 34 2.5
18 28 2 31 25
19 29 2 28 25
20 30 2 25 2.5

*Minimum value to consider the treatment clinically relevant.

be adaptable, as a subject may tolerate a certain pressure.
Whenever the patient could not tolerate higher pressures,
the positive pressure level was set back to the previous
session threshold, and it was maintained for all the follow-
ing sessions until the conclusion of the protocol. Table 11
depicts the evolution of ventilator parameters.

Resident physiatrists administered the intervention.

All participants received a traditional speech and lan-
guage treatment of 45 minutes, three times/week focused
on oro-facial musculature movement and articulation.3¢
Patients performed lip, jaw, tongue exercises without pho-
nation and then progressed to articulation exercises rang-
ing from single phoneme utterances to more complex ut-
terances including those with consonant clusters, words of
increasing length and eventually to phrases, sentences and
continuous speech, and prosodic exercises.

Statistical analysis

Normality of data distribution was assessed through visual
inspection of QQ plots and the Kolmogorov-Smirnov test.
Continuous variables are presented as means and standard
deviations or median with first and third quartile, whereas
categorical variables are reported as numbers and percent-
ages.

Given the skewness of the data distribution, we used
the paired-sample Wilcoxon signs-rank test to detect dif-
ference in respiratory parameters and clinical scales.
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Spearman’s Rho correlation coefficient was used to test
the correlation between respiratory parameters and clinical
scales. The correlations were assessed as follow: p>0.70
strong correlation, 0.50<p<0.70 moderate correlation, and
p<0.50 weak correlation.3?

The sample size was calculated to detect two-point vari-
ation in the GIRBAS scale, 15% variation at Robertson
dysarthria profile and 5% variation in at least one of the
measured respiratory parameters (MVV, MIP, MEP). A
minimum of 30 subjects was required. Statistical analysis
was performed using SPSS statistical software v. 25 (SPSS
Inc., Chicago, IL, USA).

Results

Thirty-two subjects (age: 67.47+12.43 years; 25 male and
seven female) were recruited and assessed. The demo-
graphic characteristics of participants are shown in Table
II1. Eighteen participants were affected by stroke (three
hemorrhagic and 15 ischemic), three by traumatic brain
injury, nine by multifocal degenerative pathologies (PD)
and two had a mixed etiology (stroke on Parkinson’s dis-
ease). Fifteen subjects were in acute/subacute neurological
conditions (<90 days) and seventeen in chronic phase (>~90
days).

After assessing the clinical scale for dysarthria and dys-
phonia, four participants were affected by dysarthria only,

TABLE ll.—Demographic and clinical characteristics of study
participants.

Characteristics Value
N. participants 32
Age (years) 67.47+12.43
Sex

Males 25 (78.1%)

Females 7 (21.9%)
Etiology

TBI 3(9.4%)

Stroke 18 (56.2%)

Extrapyramidal disorders (Parkinson, MSA) 9 (28.1%)

Mixed 2 (6.2%)
Onset

<90 days 15 (46.9%)

>90 days 17 (53.1%)

Subjects with dysarthria 30 (93.8%)

Subjects with dysarthria only 4 (12.5%)
Subjects with dysphonia 28 (87.5%)
Subjects with dysphonia only 2 (6.2%)
Mini Mental State Examination 24.58+2.55
Zung Self-Rating Depression Scale 47.02+11.69

Values are expressed as mean+SD for continuous data and count (percentage)
for categorical data.

BMI: Body Mass Index; TBI: traumatic brain injury; MSA: multiple system
atrophy.
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and two participants were affected by dysphonia only.
Twenty-six were affected by both conditions.

All enrolled subjects fulfilled the training protocol with-
out side effects or discomfort. No respiratory alkalosis was
reported. Oxygen saturation increased from a pre-treat-
ment average of 96%, to a 98% after the session.

The satisfaction questionnaire submitted after treat-
ment showed a patient satisfaction value of 97.7%. At the
Goal Attainment Scale, participants expressed the wish
to “speak better” in different situations (e.g., talk on the
phone, have an intelligible language being understood
from other people). Thirteen patients achieved the ex-
pected level, setting the score at 0, while seven patients
experienced an improvement more than expected (score
1.00), ten patients improved significantly much more than
expected (score 2.00) and two subjects experienced an ex-
cellent improvement (score 3.00).

All participants showed an increase in all the respiratory
function parameters, but only MVV, MIP, and MEP were
statistically significant. Also, clinical evaluation scales
significantly improved (Table IV).

The Spearman rank correlation test was used to corre-
late significantly improved respiratory parameters (MVYV,
MIP, MEP) and clinical evaluation scales. A moderate sig-
nificant correlation between MVV, MEP, MIP and Rob-
ertson dysarthria profile (P<0.01) was detected. A weak
significant correlation between MIP, MVV and GIRBAS

REHABILITATION FOR DYSPHONIA AND DYSARTHRIA

scale (P<0.05) was found. Correlation with MEP and
GIRBAS scale was not statistically significant (Table V).

Discussion

The first aim of this study was to verify the feasibility and
applicability in clinical practice of a standardized incre-
mental protocol of respiratory training with IPPB for treat-
ing dysphonia and dysarthria linked to neurological con-
ditions. The training with IPPB associated with standard
speech therapy showed to be safe, easy, and well-applica-
ble. All patients were able to perform the protocol reach-
ing maximum pressure without side effects. Participants
expressed a high degree of satisfaction (97.7%) after the
treatment. Moreover, all participant achieved their reha-
bilitation goal. Notably, about 60% of individuals reported
an improvement more than expected on the Goal Attain-
ment Scale. These results strongly suggest that the primary
endpoint has been achieved.

The second aim was to investigate the effects of this
respiratory treatment combined with traditional speech
therapy on respiratory function parameters and clinical
outcomes. Respiratory training with IPPB ventilator com-
bined with conventional speech and language therapy lead
to an improvement in all respiratory function parameters;
especially MVV, MIP and MEP were statistically signifi-
cant. For an efficient vocal production, a correct volume

TABLE [V.—Respiratory function parameters and clinical scales pre- and post-treatment.

Parameters Before (TO) After (T1) P value
Respiratory function parameters
FVC 2.43 (1.74; 3.20) 242 (1.82;3.32) 0.550
FEV, 1.80 (1,45;2,38) 1.85 (1.50; 2.40) 0.384
PEF 2.97 (2.24; 4.58) 3.41(2.49;4.37) 0.070
MVV 40.50 (28.88; 53.20) 49.35 (31.40; 59.88) 0.001*
MIP 32.00 (17.50; 47.50) 38.50 (21.25; 56.00) 0.015*
MEP 50.00 (39.25; 69.25) 59.00 (44.00; 83.00) <0.01*
Clinical evaluation scales
Robertson Profile 183 (154.00; 209.50) 215.5(193.5; 241.00) <0.01*
GIRBAS Scale 8.00 (5.00;12.00) 3.00 (1.00; 7.00) <0.01*

Values are expressed as median (25%; 75%).

FVC: forced vital capacity; FEV,: forced expiratory volume in one second; PEF: peak expiratory flow; MVV: maximal voluntary ventilation; MIP: maximum

inspiratory pressure; MEP: maximum expiratory pressure.
*Statistically significance difference considering P<0.05.

TABLE V.—Correlation between respiratory function parameters and clinical scales.

MVV MIP MEP

Parameters

p P value p P value p P value
Robertson profile 0.666 <0.01* 0.637 <0.01* 0.657 <0.01*
GIRBAS scale -0.444 0.018%* -0.452 0.016* -0.337 0.079
MVV: maximal voluntary ventilation; MIP: maximum inspiratory pressure; MEP: maximum expiratory pressure.
*Statistically significance difference considering P<0.05.
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and control of air flow is required.” The improvement of
these variables indicates that our treatment addressed the
elements necessary for an efficient vocal production. Our
results are in with recent literature that underline the im-
portance of respiratory training in treating dysarthria and
dysphonia linked to brain damage.!3. 19,22

The Robertson dysarthria profile and GIRBAS scale
showed significant score improvements after treatments.
These findings highlighted that the association of speech
and language treatment with respiratory muscle strength
training lead to clinically detectable modification, even
using qualitative scales. The strong correlation found be-
tween respiratory function parameters and clinical evalu-
ation scales score confirmed that the association of both
trainings could be adopted.

Moreover, our results suggest-that the rehabilitation
treatment addressed impairment and activity and partici-
pation dimensions of the International Classification of
Functioning, Disability and Health (ICF) Framework,3 as
recommended from recent literature.!

According to a recent review, there is uncertainty about
the best device, intensity and duration for dysarthria and
dysphonia treatments.!2:24 To our knowledge, nobody pro-
posed an incremental protocol for respiratory training with
IPPB in treating dysarthria and dysphonia.

The use of an incremental protocol is important for in-
creasing tolerance, as suggested by AARC clinical prac-
tice guidelines.30 IPPB ventilator seems to be adequate in
training dysphonia and dysarthria linked to neurological
condition, requiring an active patient participation since
the device is triggered by voluntary respiratory act. Future
studies are needed to clarify whether a passive automatic
trigger cue can be more efficient than letting the patient
actively trigger the device.

The feasibility of respiratory training using IPPB ven-
tilator was confirmed, even with the inclusion of subjects
with mild cognitive impairment and mild depression in
our sample. Finally, our study included acute and chronic
neurological subjects. The latter may have developed a
chest stiffness and/or a less efficient respiratory dynamic.
However, the variables collected showed an increase of
pulmonary function-parameters and better clinical evalua-
tion scores in all participants, regardless of the onset of the
disease. These data suggest that a significant improvement
was possible even in chronic subjects.

The importance of addressing respiratory/phonatory
dysfunction in dysarthria and dysphonia have been ad-
dressed in recent literature. The strength of this study is
the proposed use of IPPB ventilator with an incremental
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protocol with the aim to ameliorate pulmonary function
parameters and clinical evaluation scales in dysphonia and
dysarthria of neurologic origin.

Limitations of the study

We acknowledge that the observational nature of the study
may produce some flaws. For instance, there was not a
long-term follow-up and speech and language treatment
was not blind. Further case/control studies with a sham
group and blinding are needed. Future researches should
also investigate differences between a mechanical ventila-
tory incentive and a passive incentive ventilation. Another
comparison could be conducted using an alternative treat-
ment associated to speech therapy, e.g., conventional ac-
tive pulmonary training or manual treatment of respiratory
muscles. Moreover, we are aware that acoustic and percep-
tual measures of voice and speech could provide more ob-
jective results; nevertheless, we used clinical scales with
Italian validation and good psychometric proprieties3s. 39
and we obtained objective measures of respiratory func-
tion. Finally, we agree that our results refer to a specific
sample and generalizability of our results should be veri-
fied with other studies; however, the aim of the study was
primarily to investigate the applicability of respiratory
training with IPPB with an incremental protocol in clinical
practice.

Conclusions

Dysarthria and dysphonia assessment should consider the
evaluation of respiratory/phonatory dysfunction. Respi-
ratory training using IPPB ventilator can be a useful re-
source in implementing speech and language treatments
in subjects with dysphonia and dysarthria linked to brain
injury.
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