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ABSTRACT

Background: Exercise therapy is effective in improving biopsychosocial outcomes in
individuals with chronic nonspecific low back pain (CNSLBP), although overall treatment
effects tend to be low to moderate. High-intensity training (HIT) has shown greater
effectiveness compared to moderate-intensity training (MIT), but the underlying mechanisms
remain unclear. A potential explanatory mechanism is inspiratory muscle (IM) function. This

study aims to compare the effects of HIT and MIT on IM function in individuals with CNSLBP.

Methods: In this randomized controlled trial, 48 participants with CNSLBP were allocated to
a 12-week supervised multimodal exercise program (24 sessions, twice weekly) at either HIT
(n = 23) or MIT (n = 25) intensity. Primary outcomes were IM strength, endurance, and
fatigue. Secondary outcomes included exercise capacity, physical disability, pain intensity,
depression, and anxiety. Assessments were conducted pre- and post-intervention, and data

were analyzed using linear mixed models.

Results: Both groups were comparable at baseline. The HIT group showed significant
improvements in IM strength (+10%, p = .045), endurance (+31%, p = .002), VO,max (+15%, p
< .002), disability (—40%, p = .003), pain (—49%, p < .001), and depression (—40%, p = .038).
The MIT group improved in IM strength (+14%, p = .006), disability (—44%, p <.001), and pain
(—38%, p = .006). Between-group differences favored HIT for IM endurance (p =.029) and

exercise capacity (p =.013).

Conclusion: Both HIT and MIT improved IM function, with HIT showing greater benefits for
endurance and capacity. IM function may underlie these effects and warrants further

exploration within multimodal HIT programs, particularly in relation to psychosocial profiles.

Keywords: chronic nonspecific low back pain, high-intensity training, diaphragm function,

randomised controlled trial



PREFACE

This master’s thesis is positioned within the field of clinical musculoskeletal care pathways
and rehabilitation guidelines, focusing on the complex challenge of rehabilitating individuals
with chronic nonspecific low back pain (CNSLBP). This study explores the potential
mechanisms behind high-intensity training (HIT) and its impact on diaphragm and inspiratory

muscle (IM) function in individuals suffering from CNSLBP.

The thesis elaborates on specific aspects of the BREATHE-(H)IT trial, titled "Multimodal
high-intensity training to improve diaphragm function in persons with chronic non-specific
low back pain." This randomized controlled trial is led by Dr. Sim Klaps under the supervision
of Prof. Dr. Annick Timmermans and Dr. Jonas Verbrugghe, and is supported by the Special
Research Fund UHasselt (BOF21DOC15). It takes place at REVAL, the research facility of the

Faculty of Rehabilitation Sciences and Physiotherapy in Diepenbeek.

CNSLBP is a leading cause of disability worldwide, with 10-20% of cases progressing to
chronicity (Ferreira et al.,, 2023). While current rehabilitation methods, including exercise
therapy, show moderate effectiveness, there remains a need for optimization (Oliveira et al.,
2018). The BREATHE-(H)IT trial investigates the comparative effects of HIT and

moderate-intensity training (MIT) on IM function and disease-related outcomes.

This thesis primarily examines the impact of these two training approaches on IM function
and disease-related outcomes, based on preliminary data from the broader study. The
findings are interpreted within the framework of the trial’'s objectives and under the
guidance of the supervisory team. The study is expected to be completed this year, after

which the complete results will be presented.

Throughout the research process, the students involved in this thesis actively contributed to
data collection and assisted in the delivery of interventions to study participants. All activities
were carried out under the supervision of Drs. Sim Klaps. Additionally, every four weeks, the
students were invited to present specific aspects of the study. These presentations offered
opportunities to deepen the understanding of scientific research processes and served as

valuable preparation for the thesis defense.



Being involved in this study and collaborating with the research team has been a highly
educational experience for each of us as students. Through our engagement, we developed
essential research skills, including data analysis and scientific interpretation. Moreover, our
involvement has provided us with in-depth knowledge of CNSLBP, a condition that is not only
highly prevalent but also one we are likely to encounter frequently in our future careers as

healthcare professionals.

We would like to express our heartfelt gratitude to our supervisor, Drs. Sim Klaps, for his
tireless efforts, insightful guidance, and continuous support throughout our Master’s
journey. We also sincerely thank our promotor, Prof. Dr. Annick Timmermans, and
co-promotor, Dr. Jonas Verbrugghe, for their valuable input and encouragement. We would
like to extend our thanks to the Faculty of Rehabilitation Sciences and Physiotherapy at
Hasselt University for providing us with this enriching opportunity and for promoting our
development as future professionals and researchers. Finally, we would like to thank all the
participants who took part in the study; their time, commitment, and willingness to

contribute were essential to the progress of this research.

ChatGPT (developed by OpenAl) was utilized as a supportive writing tool to improve

grammatical correctness and enhance the clarity of language throughout this thesis.



INTRODUCTION

Low back pain (LBP) is the leading cause of disability worldwide, often resulting in long-term
functional disability and high healthcare utilisation (Ferreira et al., 2023). Approximately 84%
of people experience LBP at least once in their lifetime (Balagué et al., 2012), with 90% of
cases being non-specific, meaning no identifiable cause can be determined (Krismer & Van
Tulder, 2007). Chronic LBP, defined as pain in the lumbar region persisting for over 12 weeks,
occurs in 10-20% of cases (Maher, 2004), and if no identifiable cause can be determinded it is

referred to as chronic non-specific low back pain (CNSLBP) (Maher et al., 2017).

LBP is linked to respiratory symptoms such as hyperventilation, dyspnea, asthma, and
allergies, with 32% of LBP cases having respiratory dysfunctions (Beeckmans et al., 2016).
Furthermore, persons with CNSLBP may have reduced inspiratory muscle (IM) function, such
as reduced muscle strength (Vermeersch et al.,, 2017), increased diaphragm fatigability
(Janssens, Brumagne, et al.,, 2013), and reduced diaphragm endurance (Janssens et al.,
2010). Kolar et al. (2012) also showed that persons with LBP have reduced diaphragm
movement compared to healthy controls. Impairments in IM function, particularly of the
diaphragm, may contribute to CNSLBP because the diaphragm is crucial for respiration and

postural control (Hodges and Gandevia, 2000).

Exercise therapy is the primary treatment for CNSLBP patients, although its effects are often
moderate (Oliveira et al., 2018). The intensity of training plays a crucial role in determining
its effectiveness (Verbrugghe et al., 2019). High-intensity training (HIT) is a time-efficient,
safe, and feasible method shown to be more effective than moderate-intensity training (MIT)
in improving cardiorespiratory capacity, pulmonary function, muscle strength, mental health,
and overall exercise capacity (Gibala et al., 2012; Verbrugghe et al., 2018, 2019; Dunham &
Harms, 2012). Moreover, multimodal HIT has demonstrated greater reductions in disability,
which is a key outcome in CNSLBP management (Verbrugghe et al., 2019). However, the
underlying mechanisms driving these superior outcomes remain unclear. One potential
explanation is that multimodal HIT elicits stronger improvements in IM function, which may

play a mediating role in symptom reduction.



Although high-intensity inspiratory muscle training (IMT) enhances diaphragm function —
improving strength, endurance, postural control, and pain relief — its effects on disability
and psychosocial factors have not been consistently demonstrated (Janssens et al., 2015). In
contrast, multimodal HIT training offers broader benefits, including improvements in

disability and psychosocial outcomes (Verbrugghe et al., 2019; Klaps et al., 2022).

The primary research objective is to compare the effects of multimodal HIT and MIT on IM
function, specifically strength, endurance, and fatigue, in persons with CNSLBP. The research
question guiding this objective is: Does HIT improve IM function (strength, endurance, and
fatigue) more than MIT in individuals with CNSLBP? The hypothesis is that HIT will lead to
higher increases in diaphragm strength and endurance, as well as more significant reductions

in diaphragm fatigue, compared to MIT.

The secondary research objective is to examine the effects of HIT versus MIT on exercise
capacity, pain intensity, disability, anxiety, and depression in persons with CNSLBP. The
research question here is: Does HIT improve exercise capacity, pain intensity, disability,
anxiety, and depression more than MIT in persons with CNSLBP? It is hypothesised that HIT

will result in greater improvements in these outcomes compared to MIT.



METHODS

Study design

This study is a randomised controlled trial, in which persons with CNSLBP participated in a
12-week exercise therapy program in REVAL (Hasselt University, Diepenbeek, Belgium). The
HIT group followed a high-intensity program, while the MIT group adhered to a comparable
(i.e., identical content, duration, and frequency) training program at moderate intensity.
Participants were evaluated before (referred to as "pre") and after (referred to as "post") the
training program. The clinical trial was approved by the Medical Ethical Committee of Hasselt
University (B1152021000029) and is registered at ClinicalTrials.gov (code: NCT05384457). All
participants gave written informed consent. As the study is still ongoing, the preliminary

results collected between July 2022 and March 2025 are discussed in this thesis.
Participants

Between February 2022 and December 2024, participants were recruited through the local
distribution of flyers (e.g. in pharmacies, libraries, universities and facilities) in Limburg (BE)
and advertisements on social media. Those who expressed interest were provided with a
patient information letter and were invited to attend an intake session with one of the
researchers (SK). During this session, the information letter was reviewed, study inclusion
and exclusion criteria were assessed, and a study-specific screening regarding red flags for

low back pain rehabilitation was completed.

The study included Dutch-speaking males and females between the ages of 18 and 65 with
chronic low back pain (i.e. pain localised below the costal margin and above the inferior
gluteal folds, with or without referred leg pain for at least twelve weeks (Maher, 2004). The
pain also needed to be of a non-specific origin (i.e., pain not attributable to a recognizable,
known, specific pathology, e.g., infection, tumour, osteoporosis, fracture, structural
deformity, an inflammatory disorder, radicular syndrome, or cauda equina syndrome)
(Airaksinen et al., 2006). In addition, participants were required to report a pain intensity of
more than 3 on a 0—-10 numeric rating scale at baseline. All participants had to verify this

medical diagnosis from a general practitioner or medical specialist.



Persons were excluded from the study when they had a history of spinal fusion; the presence
of musculoskeletal disorders other than CNSLBP that could affect the correct execution of
the therapy program; baseline characteristics potentially influencing outcome assessments
(such as having a pacemaker, acute/chronic respiratory disorder, or known
balance/vestibular issues); severe comorbidities ‘e.g. paresis or sensory disturbances of
neurological origin, diabetes mellitus, rheumatoid arthritis); ongoing compensation claims;
negative advice from the general practitioner regarding sports medical screening; pregnancy;
or an inability to attend regular appointments. Table 1 in the appendix shows a detailed

presentation of the eligibility criteria.
Randomisation and blinding

A research assistant, who was not involved in the study, picked a sealed, numbered envelope
to achieve randomisation. This was used with a block size of two participants to ensure an
equal group division (1:1 allocation ratio). To avoid performance bias, participants were

informed that equal progression of outcomes was expected across both groups.
Measurements — Test moments

At baseline (T0), midway through (six weeks, T1), and after completing the training program
(12 weeks, T2), participants were tested to assess any changes in outcomeover time.
Following the intervention period, two longitudinal assessments (at three months (T4) and
after one year (T5)) were conducted to assess the evolution of outcome measures. In this
thesis, only data collected from measurement time TO (pre) is compared to data from

measurement time T2 (post, after 12 weeks of training).



Outcome measures

Primary outcomes

1. Inspiratory muscle strength

Maximal inspiratory pressure (MIP) was measured with an electronic pressure transducer
PowerBreathe KH2 (POWERbreathe International Ltd., type KH1, Warwickshire, UK) to assess
IM strength. The highest mouth pressure over one second was defined as MIP. The
standardised protocol was done according to Black and Hyatt’s method (Carpenter et al.,
1998). The MIP manoeuver was repeated five times if the mean difference between the best
and second-best inspiratory pressure was less than five percent. Otherwise, additional

repetitions were performed until the difference was within five percent.

Absolute MIP values were converted into predicted MIP (MIPpred) values using the
equations that were developed by Lista-Paz A. et al. (2023), accounting for age, sex and BMI.
The participants' MIP were expressed as percentages of their predicted values. Additionally,
for the cut-off score for IM weakness, a value of less than 80% of the MIPpred was used,

according to the article by Azevedo I.G. et al (2023).
MIP (women) = 61,48 + 0,66 x age +1,55 x BMI - 0,01 x age?
MIP (men) = 98,60 + 1,18 x age +0,76 x BMI - 0,02 x age’

2. Inspiratory muscle endurance

A fixed intensity of 60% of MIP was used to measure the endurance time (Welch et al., 2018).
Participants were instructed to inhale as explosively as possible at a frequency of 15
breathing cycles per minute and a half-duty cycle. The IM endurance time (in seconds) was

calculated as the amount of time before task failure.

3. Inspiratory muscle fatigue
Inspiratory muscle fatigue (IMF) is defined as a temporary reduction in the ability to generate
inspiratory muscle force due to contractile activity. The specific cut-off for a decrease in MIP
to identify IMF varies across studies, but a commonly referenced decline to define

exercise-induced IMF is a reduction of 10% (Klaps et al., 2025). To evaluate IMF in this study,
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MIP assessments were conducted immediately before the cardiopulmonary exercise test
(CPET), and at 0, 15, and 30 minutes post-CPET. IMF was calculated by comparing MIP values

at these time points.
Secondary outcomes
1. Exercise capacity

A CPET is the gold standard for measuring cardiorespiratory fitness, with maximal oxygen
uptake (VO2max) serving as its primary indicator (Guazzi et al., 2017). VO2max, the
maximum oxygen uptake, was expressed in ml/min/kg (Buttar et al., 2019). During the CPET,

breath-by-breath gas exchange was analysed using the Cortex MetaMax 3B.

The CPET protocol involved an incremental ramp test where the participant maintained a
cadence of 75 RPM, with the wattage increasing by 15 watts every minute, starting from 30
watts. The test continued until the participant was unable to continue due to fatigue, with a

respiratory exchange ratio of at least 1.10 indicating maximal effort (Thompson et al., 2013).

2. Disability

The Modified Oswestry Disability Index (MODI) is a validated and reliable questionnaire
designed to assess the physical limitations a person experiences in daily life due to low back

pain (Denteneer et al., 2018).

The MODI consists of 10 items and each item was scored on a six-point ordinal scale, ranging
from 0 (no limitations) to 5 (maximum limitations). The raw scores (0-50) are multiplied by 2
to yield a total score ranging from 0 to 100, which represents the percentage of perceived
disability (Beurskens et al., 1995). The interpretation of this integral score is as follows: a
score of 20-40% indicates moderate limitations; 40-60% severe limitations; 60-80%
significant limitations; and 80-100% reflects experiencing extreme disability (Vianin et al.,
2008). The questionnaire is sensitive to clinical changes, with a minimal detectable change
(MDC) of 5-6 points and a minimum clinically important difference (MCID) of 6 points (Fritz
et al,, 2001).



3. Pain
The Brief Pain Inventory (BPI) (Stanhope, 2016) was used to determine the participants’
average pain intensity during the previous week, measured by the Numeric Pain Rating Scale

(NRPS) on a scale from 0 to 10.

4. Depressive mood

Depressive mood was assessed using the Beck Depression Inventory (BDI), which consists of

21 items rated on an ordinal four-point scale (0-3).

Based on the total BDI score, with a maximum of 63 points, depressive mood can be
categorised into four severity levels: no or minimal depression (0-13); mild depression
(14-19); moderate to severe depression (20-28); severe depression (29-63). With a sensitivity
of 0.77 (95% Cl 0.69-0.83) and specificity of 0.92 (Cl 0.79-0.97), the BDI is a valid tool to

assess depressive mood (Goodarzi et al., 2016).

5. Anxiety

To assess anxiety levels, the State-Trait Anxiety Inventory (STAI) was used. This instrument
consists of two subscales: one measuring state anxiety — anxiety related to specific events
— and the other assessing trait anxiety, which reflects a more stable, personal predisposition
to anxiety (Knowles & Olatunji, 2020). Each subscale consists of 20 items, each scored on an
ordinal scale from 0 to 4. The total score reflects the severity of anxiety, with scores above
38.5 on the state anxiety subscale and above 45.5 on the trait anxiety subscale indicating

high anxiety levels (de Lemos Zingano et al., 2019).

Interventions

Both groups received a multimodal exercise program of 12 weeks with two sessions per
week. The program included a cardiorespiratory component on a cycle ergometer, as well as

limb and core muscle strengthening exercises.

10



Multimodal HIT group

Cardiorespiratory training

The cardiorespiratory training consisted of a high-intensity interval training (HIIT) protocol on
a cycle ergometer, beginning with a five-minute warm-up at low resistance. The main
component consisted of five active bouts of one minute at 100% of the participant’s VO.max
and a cadence of 110 rpm, separated by five one-minute bouts of rest at 50% VO,max and a
cadence of 75 rpm. Each session ended with a cooling-down of five minutes at low resistance

to support recovery.

During session one, participants performed their first HIIT session. In session two, the cycling
protocol was repeated without modifications. The first progression in the duration of the
active interval time was introduced in session three, increasing the length of each active bout
by ten seconds. This progression was maintained in session four. From session five onward,
the protocol continued to progress by extending the active interval duration by an additional
ten seconds after every two consecutive sessions, while the duration of the rest intervals

remained unchanged.

A mid-program reassessment was conducted to evaluate individual progress and adjust
training intensities accordingly. From session thirteen onward, cycling intensities were
tailored to each participant based on the results of this reassessment, allowing for continued

adaptation and progression in the cardiorespiratory component.

Limb Muscle Strengthening

The limb muscle strengthening program targeted both the upper and lower extremities.
Participants performed six resistance exercises: three for the lower limbs (leg press, leg curl,
and leg extension) and three for the upper limbs (chest press, arm curl, and vertical traction)
(Figure 1). These exercises were executed at 80% of the participant’s one-repetition

maximum (1RM) for 12 repetitions per set.

In session one, the strength training equipment and exercises were introduced, allowing

participants to become familiar with proper technique and machine operation. During
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session two, a 1RM assessment was conducted to determine individual training loads.
Sessions three and four included the first implementation of limb muscle strengthening
exercises, with one set of each of the six exercises being performed. From session five
onward, participants progressed to two sets per session. When participants were able to
complete two sets of twelve repetitions without compensatory movement, the load was
increased to a higher load, depending on the exercise and machine . The exercise protocol

and progression model were maintained consistently throughout the entire program.

Core Muscle Strengthening

Core muscle strengthening exercises were based on previous literature and were performed
in an isometric position. These six exercises included the glute bridge, glute clam, superman
back extension, adapted plank, adapted side plank, and shoulder retraction with hip hinge
(Figure 2). Each exercise was held for ten seconds, repeated ten times with a ten-second rest
in between repetitions. Progression was determined by achieving a minimum core muscle

activation of more than 60% maximal voluntary contraction (MVC) (Verbrugghe et al., 2019).

In session one, the concept of core muscle strengthening and its neuromuscular focus was
introduced to optimize muscle activation, specifically targeting the multifidus and
transversus abdominis. During session two, the six specific exercises were demonstrated and
performed. In sessions three and four, participants performed one set of each exercise. From
session five onward, this was increased to two sets per session. Progressions in exercise
difficulty were made by adjusting the starting position and were implemented when

participants correctly performed the exercises in two consecutive sessions.

Multimodal MIT group

The MIT group followed a similar 12-week multimodal exercise program but at moderate
intensity and with lower volume. The cardiorespiratory training consisted of a 14-minute
continuous session at 60% VO2max and a cadence of 90 rpm, with progression made by
adding 1’40” after two consecutive sessions. The limb strengthening exercises included the
same exercises as in the HIT group, but performed once per session at 60% 1RM for 15

repetitions. Progression occurred when participants could correctly execute the set for two

12



consecutive sessions. The core muscle strengthening exercises targeted deep core muscles at
an activation level below 60% MVC. Instead of modifying the starting position, progressions
were made by increasing execution time by two seconds when exercises were correctly

performed for two consecutive sessions.

Following each session, a fidelity checklist was used in both groups to ensure adherence to
all practical considerations and safety regulations, as well as to maintain consistency in
training program implementation and training volume across different therapists. This
checklist (see appendix - table 2) was structured around four key principles of exercise
fidelity (i.e., adherence, dosage, quality of intervention and participants responsiveness) (An

et al.,, 2020).

Figure 1
Limb Strengthening Exercises (Breathe-(H)IT Trial)

Note. (1) Leg curl — (2) Leg extension — (3) Leg press — (4) Arm curl — (5) Chest press — (6)
Vertical traction
Figure 2

Core Muscle Strengthening Exercises (Breathe-(H)IT Trial)

Note. (1) Glute bridge — (2) Adapted side plank — (3) Superman back extension — (4)

Glute clam — (5) Adapted plank — (6) Shoulder retraction with hip hinge
13



Sample size calculation

A sample size estimation was carried out in collaboration with CenStat (Hasselt University) to

ensure sufficient statistical power for the study. This estimation considered:

a) the effects of a twelve-week multimodal HIT program compared to a MIT program on
VO2max, measured during a cardiorespiratory fitness assessment (Verbrugghe et al.,
2019).

b) the outcome of an eight-week high-intensity IMT program compared to a

low-intensity version on MIP, reflecting IM strength (Janssens et al., 2015).

These measures were chosen due to their relevance for respiratory function and potential to
reflect changes in diaphragm performance. The calculation was based on a minimal clinically
important difference of 3.5 ml/kg/min for VO2max (Bonafiglia et al., 2022), 18 cmH20 for
MIP and 22.1% of the value of MIPpred (Del Corral et al., 2023). A significance level of .05
and statistical power of 80% were applied to determine the sample size needed to detect

group differences, leading to an initial estimate of 38 participants (n = 19 per group).

Adjustments were made to account for anticipated participants dropouts: 30% by the second
time point (T2, after the intervention) and an additional 10% at T4 (one year follow-up). This

resulted in a target recruitment of 64 individuals (n = 32 per group).

Data analysis

In this study, we aimed to assess the impact of multimodal HIT versus MIT on various primary

and secondary outcome measures after completion of a 12-week exercise program.

Statistical analysis was performed using JMP Pro (version 17, SAS Institute Inc., Cary, USA).
The difference in baseline characteristics drawing a comparison between the HIT and MIT
group was assessed using independent t-tests for continuous variables (Body Mass Index
(BMI), age, weight, length and duration of LBP) and Chi-square tests for categorical variables
(sex). If the data did not meet the assumptions for normality, the Rank Sum test was used for

continuous variables instead.
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A linear mixed model (LMM) was used due to the study’s repeated measurements design,
allowing for the examination of both between- and within-group differences. This model
incorporated fixed effects, including treatment group (HIT vs. MIT), time, and their
interaction. Additionally, random effects, such as subjects, were included to account for

intra-subject variability.

Several assumptions needed to be met for the model to be valid. Firstly, the residuals had to
adhere to a normal distribution to satisfy the assumption of normality, which was assessed
using visual inspection of the normal quantile plot (QQ-plot). Secondly, the residuals had to
exhibit constant variance to meet the assumption of homoscedasticity, evaluated using the
Brown-Forsythe test. Thirdly, observations had to be independent within groups to fulfil the
assumption of independence. Finally, the relationship between dependent and independent
variables had to be linear to satisfy the assumption of linearity. Cohen’s d was calculated to
estimate the effect size of all parameters. Post-hoc pairwise comparisons were performed
using t-tests, as part of the mixed model analysis. Furthermore, the residuals were plotted to
check for outliers among the results. A significance level of 5% (p < .05) was used for

determining statistical significance.

Values in HIT and MIT were reported as mean (standard deviation). Delta was calculated as
the difference between POST and PRE. Difference of deltas (DOD) was calculated as the
difference between Delta HIT and Delta MIT. Cohen’s d was calculated to showcase effect

sizes.
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RESULTS

Baseline characteristics

The baseline characteristics of the participants in the HIT (n = 23) and MIT (n = 25) groups
were similar, with no statistically significant differences between both groups (p> 0.05). An

overview of the participants’ baseline characteristics is summarized in Table 1.

Table 1
Baseline Characteristics of Participants (n=48)

Variables HIT (n=23) MIT (n=25) P-value
Sex (m/f) 12/11 16/9 0.406°
Age (yr) 45.22 (13.36) 44.92 (14.67) 0.984°
BMI (kg*m?) 25.60 (4.19) 26.28 (4.23) 0.577°
Length (m) 1.75 (0.11) 1.75 (0.09) 0.928°
Weight (kg) 78.15 (13.44) 80.70 (15.38) 0.544°
Duration LBP (yr) 11.08 (7.21) 10.47 (9.14) 0.493°

Note. Continuous variables are expressed as mean (standard deviation), categorical variables
are expressed as a number. m/f = male/female; yr = years; BMI = body mass index; LBP = low
back pain.

2 p-value of parametric test. ® P-value of non-parametric test.

Training outcomes
An overview of the training outcomes is given in table 2.

Significant improvements in MIP were observed in both the HIT and MIT groups. The HIT
group demonstrated an increase of 9.03% (p = .045), while the MIT group showed an
increase of 11.99% (p = .006). However, no significant difference was found between the two

groups in MIP improvement (p = .407).

Significant increases in endurance were found exclusively in the HIT group, with an

improvement of 75.75 seconds (p = .002). A significant difference in endurance improvement
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was observed between the HIT and MIT groups, favouring the HIT group with a p-value of

.029.

No significant differences were found in inspiratory muscle fatigue in either group for each
time point after the CPET (-5.12% < +3.2%, 0.838 < p < 0.382). Furthermore, no significant
differences were observed between the HIT and MIT groups for any of the fatigue
measurements (measurement 1: p = .929; measurement 2: p = .293; measurement 3: p =

.265).

The HIT intervention resulted in a significant improvement in CPET performance, with an
increase of 5.48 ml/kg/min (p < .002). A significant difference in CPET improvement was

found between the HIT and MIT groups, favouring the HIT group with a p-value of .013.

Both the HIT and MIT interventions led to significant decreases in the MODI scores. The HIT
intervention resulted in a significant decrease of 7.83 (p = .003), and the MIT intervention
resulted in a significant decrease of 9.36 (p < .001). No significant difference in MODI score

reduction was observed between the two groups (p = .559).

The HIT intervention led to a significant reduction in BPI scores (—2.39, p < .001), while the
MIT intervention also resulted in a statistically significant decrease of -1.64 points (p = .006).
No significant difference was found between the HIT and MIT groups in their effects on BPI

scores (p = .287).

The HIT intervention resulted in a significant decrease in BDI scores (3.30, p = .038). No

significant difference in BDI score reduction was found between the two groups (p = .155).

Neither the HIT nor the MIT interventions significantly decreased STATE scores (HIT: -5.09, p =
.084; MIT: -0.60, p = .830). No significant difference in STATE score reduction was observed

between the two groups (p = .169).

The HIT intervention resulted in a significant decrease in TRAIT scores (5.65, p = .037). The
MIT intervention did not significantly decrease TRAIT scores and showed an increase of 1.72
(p = .504). No significant difference in TRAIT score changes was found between the two

groups (p =.099). A summary of the results is presented in Table 2.
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A subanalysis was performed to give more insight into the effects of both interventions on
the MIP. During this subanalysis, the participants were divided into subgroups depending on
the amount of improvement in their MIP following the interventions. As stated by Del Corral
et al. (2023), a minimum improvement of 18 cmH20 (sensitivity, 61.5%; specificity, 96.6%)
and 22.1% (sensitivity, 76.9%,; specificity, 89.7%) of the predicted value for MIP is required to
achieve a clinically meaningful change (MCID) in MIPpred. Participants reaching the
threshold of 20% improvement in MIPpred are categorized as ‘strong responder’. Participants
with an improvement between 5% and 20% were classified as ‘responders’, indicating a
moderate but potentially meaningful effect, albeit below the MCID. Changes within a £5%
range were categorized as ‘non-responders’, assuming a possible measurement error. A
decrease between 5% and 10% was labeled as ‘decrease’, suggesting a small reduction
without clear clinical relevance. Lastly, participants with a decrease greater than 10% were
placed in the ‘strong decrease’ group. While not meeting statistical significance thresholds,
such a decline is considered noteworthy and may warrant further attention. See figure 3 for

the distribution of the participants.

Figure 3
Subgroup Distribution based on MiIp Change after Intervention
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Note. Distribution of participants in the HIT group (blue) and participants in the MIT group
(red).

The subanalysis revealed that most participants in both the HIT and MIT groups showed
improvement after the interventions, even though this rarely reached the level of a minimal
clinically important difference (MCID). However, in both groups were eight participants who
did not improve in MIP, while some of them even showed a significant decrease in MIP. The
participants who showed a decrease in MIP more than 5% were individually checked for
deviations of other outcomes. Interestingly, these participants mostly had a MIP more than
100% of their predicted value prior to the study. In both groups, only one participant showed

a decrease in MIP while already not achieving 100% of their MIPpred.

A graphic design with the results of all these participants compared with the average effects
shows that there are a few deviations from these participants in relation to the average
effects, but they show an overall effect comparable with the average effects (see appendix -

figure 1).

19



Table 2

Results of the Outcome Measures Collected from Participants at PRE and POST together with Within and Between Group Differences

HIT (n=23) MIT (n=25) Interaction
Outcome measures PRE POST DELTA PRE POST DELTA DoD Cohen's d

Primary

MIP %pred (%) 86,39 (23.19) 97,42 (20,00) 9.03 (10,31)" 87.71 (17,22) 99,71 (16,25) 11,99 (13,77)" -2.96 0,24
Endurance (sec) 24521 (102.04) 320,96 (115,47) 75,75 (81.21)* 260,51 (128,67) 290,65 (142 24) 30,13 (57,76) 45,62* 0,63
Fatigue %pred1 (%) 2,20 (10,31) 4.25{11,93) 2,06 (13,09) 4,16 (22,75) 6,53 (24.44) 2,37 (10.82) -0,31 0,03
Fatigue %pred2 (%) 5,85 (7.64) 6,97 (9,83) 1,12 (12.30) 8.70 (23,11) 3.58 (7.66) -5,12 (25,45) 6,24 0,31
Fatigue %pred3 (%) 4,78 (6,24) 7,98 (8,39) 3,20 (10,56) 7,73 (23.18) 4,76 (6,90) -2,97 (24,08) 6,17 0,33
Secondary

VO2max (mlkg/min) 36,74 (9,64) 4222 (9,60} 548 (3,73)° 36,08 (8,36) 38,52 (9.36) 2,44 (4,31) 3,04 0,71
MODI (%) 19,57 (11,35) 11,74 (8,03) -7.83 (8,90) 21,36 (8,65) 12,00 (10,97) -9,36 (9,11} 1,53 017
BPI (NPRS) 4,87 (1,91) 2,48 (2,37) -2.39 (2.52y 4,36 (1,52) 2,72(1,72) -1,64 (2,04 0,75 0,33
BDI (pts) 8,17 (7.08) 4.87 (5,05) -3.30 (5.81) 8.92 (6,25) 7,64 (6,38) -1,28 (3.75) -2,02 0.41
STAI - STATE (pts) 36,65 (9.91) 31.57(9.03) -5,09 (11,84 34,24 (10,57) 33,64 (10,95) -0.60 (10,38) -4,49 0,54
STAI - TRAIT (pts) 39,83 (10,23) 34,17 (9.,49) -5,65 (8,86) 37.88 (12,72) 36,16 (10,98) -1,72 (7,31) -3,93 0,35

Abbreviations. DOD = Difference of deltas; MIP %pred = measured maximal inspiratory pressure

compared to predicted maximal inspiratory

pressure via calculation, given as a percentage; VO2max = maximum oxygen consumption/uptake; MODI = Modified Oswestry Disability Index;

BPI = Brief Pain Inventory; NPRS = Numeric Pain Rating Scale; BDI = Beck Depression Inventory; STAl = State-Trait Anxiety Inventory.

* P <0.05 compared with PRE. ** P < 0.05 HIT compared with MIT, using a Student’s t-test.
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DISCUSSION

The aim of this study was to compare the effects of multimodal HIT and MIT on IM function,
exercise capacity, disability, pain, depressive mood, and anxiety. The results indicate that
both HIT and MIT lead to improvements in MIP and scores on the MODI. However, the HIT
intervention also results in significant improvements over time in IM endurance, VO, max, as
well as on the BPI and the BDI. Notably, the HIT program has a significant advantage over MIT

in improving IM endurance and VO, max.
MiPpred

Following any intervention, a significant increase in MIP was observed in both groups.
However, no significant difference in MIP improvement was found between the HIT and MIT
groups. This is different from the hypothesis, as we expected that the HIT-protocol would
significantly improve more. Gomes Neto et al. (2018) and the studies of Janssens et al. (2013;
2015) found greater improvements in the high-intensity group when comparing high- and
low-intensity IMT protocols. Subanalysis of both groups in this trial shows some important
factors which could explain the difference with the hypothesis. While there is a significant
increase in MIP in both groups, some participants did decrease following the interventions.
Two participants in the HIT intervention showed a decrease in MIP following the
intervention, while even four participants in het MIT showed a decrease in MIP. Interestingly,
only one participant from both groups did decrease in MIP while already having a MIP less
than 100% of the predicted value. IMT literature suggests that both moderate- and
high-intensity protocols result in similar improvements in IM strength and endurance in
well-trained individuals (Rehder-Santos et al., 2021). This suggests a possible ceiling effect in
well-conditioned individuals, where higher intensities may not proportionally lead to greater
benefits. The large part of the participants in this study, who showed no improvement or
even worsening in change in MIPpred following the intervention, might explain the
inconsistency between this study and the studies of Gomes Neto et al. (2018) and Janssens
et al. (2013;2015). Another interesting aspect is that the previously described studies did use
IM training protocols, while the current study does only use whole-body training. Despite

using a different type of training, a significant benefit in IM strength is visible.
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As suggested by the results and the previously referred studies, high-intensity whole-body
training could offer greater physical benefits than MIT, as demonstrated by the within-group
progressions in MIPpred. While within-group improvements were significant, the absence of
a significant between-group difference in MIP may indicate that respiratory muscle
adaptations require a more specific training approach which is not only dependent on
training intensity. Therefore, future research could explore the potential additive effect of
incorporating targeted IMT into a high-intensity whole-body exercise program. This
combined approach may optimize both diaphragm-specific outcomes and broader functional

and psychological benefits in individuals with CNSLBP.

Substantial inter-individual variability was observed when analyzing the pre-intervention MIP
values. As Klaps et al. (2025) suggested, future research should include participants through
criteria based on the MIP. Participants exhibiting such weakness before the intervention may
experience greater improvements compared to those with normal IM strength. Future
research is needed to conduct subgroup analyses, where we can start looking at baseline and
evolution of MIP values within the HIT / MIT group. Thus, there could be some links between

MIP values and other (secondary) outcome measures.
Inspiratory muscle endurance

Regarding IM endurance time, the HIT intervention resulted in a significant improvement,
while no such effect was observed in the MIT group. A significant difference between those

groups was observed. Several possible underlying mechanisms can explain this.

Firstly, the cardiorespiratory component of the HIT group was characterized by short bouts of
high-intensity cycling. Due to its demanding ventilatory effort, it could trigger the inspiratory
muscles more than the MIT group (Romer & Polkey, 2008). As described by Nakahara et al.
(2020), high-intensity interval training extends the time spent above the respiratory
compensation threshold more effectively than moderate-intensity continuous training,
thereby eliciting a greater ventilatory and metabolic stimulus for respiratory muscle

adaptation. This might explain their ability to perform the endurance test for a longer period.
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Besides, it might be possible that the number of core muscle strength training sets, the level
of effort per set, and the extent of core muscle activation has an impact on the effectiveness
of a training protocol. Schoenfeld et al. (2018) and Hughes et al. (2018) suggest that training
intensity and effort per set may be more important than total session duration. This could
help explain why HIT leads to greater improvements than MIT in endurance-related
outcomes. Additionally, Gomez et al. (2009) found that repeated abdominal muscle
activation — e.g. sit-ups — can increase the intra-abdominal pressure, potentially leading to
structural overload and fatigue of the diaphragm. Regarding our study, it might be possible
that the core strength exercises of the HIT protocol, which are progressed in a higher %MVC
of the core muscles, can give a rise in intra-abdominal pressure regulations with more

diaphragm adaptations as a result.
Inspiratory muscle fatigue

The present analysis revealed that neither the HIT nor the MIT intervention led to significant
improvements in the IMF. Several explanations may account for this finding. First, the CPET
protocol used in this study was incremental, which may not have induced sufficient or
sustained respiratory muscle loading to elicit IMF. Archiza et al. (2018) suggest that
constant-load protocols are more effective and reliable for provoking diaphragm fatigue, as
they allow exercise to be maintained at intensities of 80-85% of VO,max for extended
periods. In this study, thresholds were reached to induce IMF, but the duration of exercising
above this intensity may be too short as suggested by Klaps et al. (2025). Similarly, Hardy et
al. (2024) emphasize that the duration of high-intensity bouts must be sufficiently long to
provoke diaphragm fatigue. During their study, they compared a HIT-interval protocol with
high-intensity bouts of five minutes on average with a prolonged HIT-interval protocol with
high-intensity bouts of ten minutes on average. This prolonged protocol did significantly
produce more diaphragmatic fatigue. The 1 to 1.4-minute intervals used in the HIT exercise
protocol may therefore have been too brief to induce meaningful physiological adaptations

related to IMF.

Additionally, findings by Klaps et al. (2025) provide further context, showing no significant

differences in IMF between individuals with CNSLBP and healthy controls. This suggests that
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diaphragm fatigability may not be a prominent characteristic in this patient population,
which could partially explain the absence of detectable improvements following the
intervention. Interestingly, Klaps et al. (2025) also reported that individuals with a higher
VO2max, longer time to exhaustion and maximal workload during the CPET exhibited lesser
IMF, suggesting that the combination of exercise duration and the exercise intensity could
play an important role. Another consideration for future research is to conduct subgroup
analyses stratified by baseline disability or pain severity to examine whether individuals with

higher symptom severity experience differential improvements in IM function.

Exercise capacity

This thesis highlights the clear advantages of training at higher intensities. Exercise capacity,
as measured by VO,max, improved significantly in the HIT group, whereas no such
improvement was observed in the MIT group. These findings align with prior research.
Although both endurance training and high-intensity training result in VO,max
improvements, the gains are consistently greater with HIT (Milanovi¢ et al.,, 2015;
Verbrugghe et al., 2019). Additional studies further support these observations. Despite
lower total training volumes, HIT has been shown to yield equal or even superior results
compared to moderate-intensity protocols, regardless of participants' baseline fitness levels
(Atakan et al., 2021). Verbrugghe et al. (2019), using an identical HIT protocol in a similar
population, likewise confirmed the superior efficacy of HIT in enhancing exercise capacity.
These improvements in VO,max are thought to result from a range of physiological
adaptations, including increased mitochondrial density, improved cardiac output, and

enhanced oxygen utilization.

While these findings are encouraging, future research is needed to further optimize HIT
protocols—specifically with regard to optimal training intensity, session duration, and the
duration of an active bout—to maximize both safety and effectiveness in clinical populations
such as individuals with CNSLBP. Adjusting the intensity — for instance, targeting 85-90% of
VO,max instead of maximal efforts — may allow participants to sustain high-intensity efforts
for longer periods. Moreover, extending session duration to maintain exercise above a critical

intensity threshold, alongside optimising the work-to-rest ratio, could further maximize the
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effectiveness of HIT interventions. Helgerud et al. (2007) suggested that 4 bouts of
respectively at 4 minutes at 90-95% of the maximal heart rate, separated by 3 minutes at
70% of the maximal heart rate, can improve VO2max more efficiently compared to

lactate-threshold training intensities.

Psychosocial outcomes and disability

When examining psychosocial outcomes and disability, both the HIT and MIT interventions
led to improvements on the MODI and BPI, while only the HIT group showed additional
positive changes on the BDI scale. Despite these findings, only the improvements on the
MODI reached clinical significance, defined as a minimum difference of 6 points according to
Fritz et al. (2001). This suggests that both interventions had a meaningful impact on disability
perception. While the HIT group appeared to show more consistent improvement across all
psychosocial measures—except for the MODI—there was no statistically significant
difference between the two groups, preventing firm conclusions regarding the superiority of
HIT. Whole-body training — particularly at higher intensities — appears to offer broader
benefits beyond respiratory function alone. In the present study, the HIT intervention also
led to significant improvements in pain intensity (BPI), depressive symptoms (BDI), and
disability (MODI). Interestingly, although HIT was associated with these improvements,
disability also improved significantly following the MIT intervention. This contrasts with
findings by Verbrugghe et al. (2019), who reported significant improvements in disability only
after HIT. Additionally, the relative improvements in disability were less pronounced in our

study than those observed by Verbrugghe et al. (2019).

A possible explanation for the better improvement in the HIT protocol is given by Thum et al.
(2017). This study concluded that, despite the higher physical efforts, high intensity training
gave more enjoyment to participants when compared to moderate intensity training. This
might explain why participants in the HIT group showed slightly better improvements in the
BDI, BPI, STATE and TRATE questionnaires. These questionnaires are used to measure
psychosocial outcomes as pain at the moment, anxiety, depressive mood, etc. The possibly
more enjoyment experienced during the HIT protocol might elevate their positive mental

status. This might also explain why the MODI did not improve more in the HIT group, as this
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questionnaire does look more into activities of daily living. However, in a trial by Paolucci et
al. (2018), low-, moderate-, and high-intensity training (LIT, MIT, and HIT) protocols were
compared to evaluate their effects on psychosocial outcomes. Both the MIT and HIT
protocols led to improvements, with greater benefits observed in the MIT group. The authors
suggested that the high physical stress of the HIT protocol might explain why MIT yielded
better outcomes. Consequently, HIT might still offer psychosocial benefits, provided that

participants find the exercise enjoyable.

Further research is needed to determine which training intensity offers the greatest benefits
for patients with different personality traits. Pain experiences are, as is shown by Larsen et al.
(2013), greatly modulated by psychosocial factors. Integrating a biopsychosocial approach is

recommended for managing CNSLBP in clinical practice (Hartvigsen et al., 2018).
Strengths and limitations

One of the main strengths of this study is the use of a highly standardized and structured
training protocol, supported by a detailed fidelity checklist. This enhanced the internal
validity and reproducibility of the study. Medical confirmation by a general practitioner or
specialist enhances the reliability of the study population. Additionally, the topic is both
clinically and socially relevant, given the global burden of CNSLBP and the need for more
effective rehabilitation strategies. Although based on preliminary results, this randomized
controlled trial indicates that the reliability and generalizability of the findings could be
enhanced by increasing the sample size. Randomization of participants helped to reduce
allocation bias. While participants were aware of their group allocation, they were informed
that equal improvements were expected across both groups, which may have reduced
performance-related bias. The multimodal nature of the intervention, combining
cardiorespiratory, strength, and core stability components, allowed for a comprehensive
approach to functional rehabilitation, which increases its applicability in real-world settings.
Furthermore, the use of validated outcome measures and a combination of physiological,
functional, and psychosocial assessments provided a broad and reliable evaluation of
intervention effects. Lastly, the results of these interventions might be applicable to other
musculoskeletal pathologies, such as those with chronic neck pain. In a similar study by Colak

et al. (2024) MIP was measured in patients with chronic neck pain and asymptomatic
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controls. As there was a significant decrease in MIP in the participants with chronic neck
pain, they suggested that there is a need for future research to determine the effectiveness

of IMT for the treatment of chronic neck pain.

Despite its strengths, the study also has some limitations that should be acknowledged.
There is a potential for selection bias, as participants who volunteered were likely more
motivated and inclined toward exercise, possibly affecting the generalizability of the results
to the broader population of individuals with CNSLBP. The exclusion of participants with
other conditions, such as neurological or respiratory disorders, leads to an initially lower
proportion of participants with IM dysfunctions, as this is a confounding factor which could
influence the effect of the interventions. Although the International Physical Activity
Questionnaire was used at baseline to estimate activity levels across different settings (e.g.,
work, domestic), physical activity during the intervention was monitored but not analyzed,
which may have confounded the results. Variations in activity levels could have influenced
inspiratory muscle outcomes, potentially leading to an overestimation of the intervention’s
effectiveness. Lastly, future research could include an additional inclusion criterion based on
the percentage of MIPpred, enabling a more detailed investigation within a specific

prevalence category.
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CONCLUSION

Both HIT and MIT improved IM function and some psychosocial outcomes, with HIT showing
significantly greater improvements in VO,max and endurance. These findings suggest that
improvements in IM function may be one of the underlying mechanisms driving the effects
of both HIT and MIT. Future research should investigate the role of IMT within multimodal
HIT programs, particularly in individuals with different psychosocial characteristics, to better

understand its potential benefits in more severe profiles.
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APPENDIX

Table 1
Eligibility Criteria (Breathe-(H)IT Trial)

Eligibility criteria

Inclusion criteria

18 to 65 year old

Low back pain for at least 12 weeks

Nonspecific origin

Pain score > 3/10 (NRPS)

Exclusion criteria

Invasive surgery (i.e. spinal fusion)

A musculoskeletal disorder apart from CNSLBP that
can affect the correct execution of the therapy
program
Comorbidities

Ongoing compensation claims

Negative advice regarding sports medical screening

Pregnancy

Not able to attend regular therapy appointments

Rationale

Study aimed at the adult working population

Only the management of chronic low back pain is
studied

Specific pathological causes of low back pain can
require specific care

Ensures clinical relevance, reduces floor effects, and
allows detection of meaningful treatment-related
changes.

Rationale

Specific invasive procedures of the lower back can
require specific caretable 1

Limiting the amount of factors acting on low back
pain, not due to intervention

Limiting the amount of factors acting on low back
pain, not due to intervention

Excluding motivation to contribute other than
improvement of the pathology itself

A negative advice from the GP does not allow the
performance of a maximal cardiopulmonary exercise
test

Pregnancy-related low back pain is treated as a
pathology with a specific cause and is thus not
eligible for this study

Limiting nonattendance to therapy due to reasons
not linked to chronic low back pain
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Table 2
Fidelity Checklist in the Multimodal HIT Group

ADHERENCE

Cardiorespiratory training in general

YES

NO

1: A file with the bicycle ergometer resistance values, saddle height and
maximum wattage of the CPET is kept

2: The participant is positioned correctly on the bicycle ergometer

3: The therapist adjusts the resistance of the bicycle ergometer
himself/herself

4: The participant completes 5 minutes warm up

5: The participant completes 5 minutes cooling down

Remarks ‘NO’:

Cardiorespiratory training HIT

6: The participant completes 5 bouts of ... minute at 100% VO2,,,,
workload and 110 rates per minute

7: The participant completes 5 bouts of one minute active rest at 50%
V02, .. workload and 75 rates per minute

8: Exercise intensity is monitored at 9 timepoints in terms of heart rate
and wattage

Remarks ‘NO’:

Resistance training

9: A file with the results of the 1IRM-testing is kept

10: The therapist selects the correct weight/resistance for each exercise
based on the 1RM-testing

11: Actual intensity of each exercise is the same compared with its
intended intensity (i.e. correct percentage 1RM)

12: Actual repetitions of each exercise is the same compared with its
intended repetitions

13: Actual sets of each exercise is the same compared with its intended
sets

Remarks ‘NO’:

Lumbar stabilization training

14: Actual repetitions of each exercise is the same compared with its
intended repetitions

15: Actual sets of each exercise is the same compared with its intended
sets

Remarks ‘NO’:

DOSAGE

16: Session last at least 60 minutes

QUALITY OF INTERVENTION DELIVERY

In general

17: An exercise manual with standardized instructions is provided for all
therapists

18: Intervention is provided by a trained therapist

19: Therapist avoids distractions such as walking away, talking to other
therapists, etc.

Encouragement
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20: Therapist uses verbal encouragement at least 3 times during each
exercise component

21: Therapist acknowledges success after each successful training
component

22: Therapist uses verbal cues for changing intensity during HIT
cardiorespiratory training

PARTICIPANT RESPONSIVENESS

23: Effort level is monitored after each exercise component in terms of
rate of perceived exertion (BORG-scale)

24: Motivation level is monitored at the start of the training session

Fidelity Checklist in the Multimodal MIT Group

ADHERENCE

Cardiorespiratory training in general

YES

NO

1: A file with the bicycle ergometer resistance values, saddle height and
maximum wattage of the CPET is kept

2: The participant is positioned correctly on the bicycle ergometer

3: The therapist adjusts the resistance of the bicycle ergometer
himself/herself

4: The participant completes 5 minutes warm up

5: The participant completes 5 minutes cooling down

Remarks ‘NO’:

Cardiorespiratory training MIT

9: The participant completes ... minutes at 60% VO2,,., workload and 90
rates per minute

10: Exercise intensity is monitored at 6 timepoints in terms of heart rate
and wattage

Remarks ‘NO’:

Resistance training

11: A file with the results of the 1RM-testing is kept

12: The therapist selects the correct weight/resistance for each exercise
based on the 1RM-testing

13: Actual intensity of each exercise is the same compared with its
intended intensity (i.e. correct percentage 1RM)

14: Actual repetitions of each exercise is the same compared with its
intended repetitions

15: Actual sets of each exercise is the same compared with its intended
sets

Remarks ‘NO’:

Lumbar stabilization training

16: Actual repetitions of each exercise is the same compared with its
intended repetitions

17: Actual sets of each exercise is the same compared with its intended
sets

Remarks ‘NO’:

DOSAGE
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18: Session last at least 60 minutes

Remarks ‘NO’:

QUALITY OF INTERVENTION DELIVERY

In general

19: An exercise manual with standardized instructions is provided for all
therapists

20: Intervention is provided by a trained therapist

21: Therapist avoids distractions such as walking away, talking to other
therapists, etc.

Remarks ‘NO’:

Encouragement

22: Therapist uses verbal encouragement at least 3 times during each
exercise component

23: Therapist acknowledges success after each successful training
component

Remarks ‘NO’:

PARTICIPANT RESPONSIVENESS

24: Effort level is monitored after each exercise component in terms of
rate of perceived exertion (BORG-scale)

26: Motivation level is monitored after the training session

Remarks ‘NO’:

D

Figure 1
Graphical Representation of Subanalysis of Participants with MIP Decline
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