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Abstract

Aim: To evaluate the effectiveness of device-based inspiratory muscle training (IMT) compared with conventional exercises (CE) on pulmonary function, disease
activity, functional status, mood, and quality of life in patients with ankylosing spondylitis (AS).

Materials and Methods: This randomized controlled trial included 40 patients with AS who were allocated to receive standard physical therapy supplemented
by either CE (n = 20) or IMT using the Respifit-S® device (n = 20). The interventions were performed for 30 minutes daily over 20 days. Outcomes, assessed
pre- and post-intervention, included pulmonary function tests (PFTs), chest expansion, the Bath Ankylosing Spondylitis Disease Activity (BASDAI) and Functional
(BASFI) Indices, a Visual Analog Scale (VAS) for pain, the Beck Depression Inventory (BDI), and the SF-36 questionnaire.

Results: Baseline characteristics were comparable between the groups. Both groups showed significant post-intervention improvements in VAS pain, BASDAI,
BASFI, chest expansion, BDI, Peak Expiratory Flow (PEF), and the SF-36 domains of General Health, Pain, and Physical Function (all p < 0.05). Compared to the
CE group, the IMT group showed significantly greater improvements in chest expansion (p < 0.001), BDI scores (p = 0.012), and the SF-36 domains of Vitality
(p = 0.049) and Physical Function (p = 0.008). No significant between-group differences were observed for changes in the VAS, BASDAI, BASFI, PEF, or other
SF-36 domains. No adverse events occurred.

Discussion: While both conventional exercises and IMT improve clinical outcomes in AS, incorporating device-based IMT provides superior benefits in
enhancing chest expansion, alleviating depressive symptoms, and improving specific quality of life domains. IMT represents a valuable adjunctive therapy in
the comprehensive management of ankylosing spondylitis.
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Introduction

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic
disease [1,2]. This condition primarily targets the axial skeleton
and affects the spine and sacroiliac joints [1]. Peripheral joints
may also become involved during the disease course [2]. Chronic
inflammation associated with AS can lead to ossification and
progressive fusion of the spinal and thoracic joints [3]. This
pathogenic process restricts mobility. Consequently, pulmonary
dysfunction can develop over time [3].

The disease often results in thoracic hyperkyphosis and
limited motion of the thoracic cage [2,4]. These structural
changes decrease chest wall compliance. Reduced chest wall
compliance negatively affects the lung mechanics. Patients
with AS frequently exhibit restrictive pulmonary patterns.
These patients may experience diminished vital capacity [5].
Restrictive pulmonary function is more common in individuals
with AS than in matched control populations [5].

This restrictive pulmonary pattern in AS is often compounded
by respiratory muscle weakness, which compromises both
inspiratory and expiratory strength and can further limit exercise
capacity [4,5]. As exercise is a cornerstone of AS management,
targeted interventions like Inspiratory Muscle Training (IMT)
have emerged as a promising approach [6]. IMT is a technique
designed to improve the strength and endurance of inspiratory
muscles, with demonstrated efficacy in other chronic conditions
such as chronic obstructive pulmonary disease and heart failure
[7]. This training method has demonstrated efficacy in boosting
the respiratory muscle strength in other patient groups. IMT
has shown benefits in chronic conditions such as chronic
obstructive pulmonary disease and heart failure. It can improve
maximum inspiratory pressure and diaphragmatic function
[7]. Biologically, strengthening these muscles may not only
improve direct measures like maximum inspiratory pressure
but could also enhance overall thoracic mobility and chest wall
expansion against the progressive stiffness of the disease. The
use of specialized devices for IMT offers distinct advantages
by standardizing the training load, permitting objective
progress monitoring, and supporting patient adherence to the
therapeutic regimen [7,8].

Despite these recognized respiratory impairments and the clear
rationale for IMT, research evaluating its specific efficacy in the
AS population remains notably limited, with a scarcity of high-
quality studies assessing its precise effects [5,7]. Therefore,
we aimed to evaluate the effectiveness of device-based IMT
on pulmonary function, disease activity, functional status, and
quality of life in patients with ankylosing spondylitis [5,7,9].,

Materials and Methods

Study Design

This investigation was designed as a randomized, controlled,
prospective clinical study.

Participants

Forty patients aged 18-70 years diagnosed with AS according
to the modified New York criteria were recruited. Recruitment
occurred between October 2012 and June 2013 at the
Necmettin Erbakan University, Meram Faculty of Medicine
Physical Medicine and Rehabilitation Outpatient Clinic.

Inclusion Criteria

Patients who fulfilled the modified New York criteria for AS
aged 18-70 years were included.

Exclusion Criteria

Individuals with malignancy, pregnancy, severe systemic illness,
recent surgical operations, or cooperation disorders were
excluded.

Participants underwent comprehensive history-taking and
examinations before study entry. Examinations
assessed neck, back, lumbar, shoulder, elbow, hand, finger, hip,
knee, ankle, and foot joint range of motion. Chest expansion
measurements were also recorded. Neurological assessment
included motor and sensory evaluations, deep tendon reflexes,
and pathological reflexes. Demographic data, such as age, sex,
height, weight, comorbidities, smoking status, medication use,
and symptom duration, were documented.

physical

Randomization and Interventions

Eligible patients were randomly assigned to two equal groups
(Conventional Exercise or Inspiratory Muscle Training; n =
20 each) using a simple coin-toss method. Randomization
was performed by an independent individual not involved in
enrollment, with allocations placed in sequentially numbered,
sealed opaque envelopes to maintain allocation concealment.
To ensure comparability, both groups received an identical
standard physical therapy regimen in addition to their assigned
intervention. Both groups received standard physical therapy
daily sessions for 20 days, including 30 minutes of hot packs
to the dorsal-lumbar region, 6 minutes of ultrasound (2 W/
cm?) to the thoracic and lumbar areas, and 30 minutes of
TENS to paravertebral muscles. Additionally, hydrotherapy
was administered five times per week over two weeks. Each
intervention group also underwent supervised 30-minute daily
sessions for 20 consecutive days, following their respective
protocols.

Group 1 (Conventional Exercise [CE] Group)

Sessions consisted of conventional respiratory exercises,
including pectoral stretching, back extensor strengthening,
abdominal breathing, pursed-lip breathing, and deep inspiration
techniques.

Group 2 (IMT Group)

Sessions involved inspiratory muscle training using the
Respifit-S® device (Biegler GmbH, Mauerbach, Austria),
a portable inspiratory muscle training tool that enhances
respiratory muscle strength and endurance through adjustable
resistance. Its handheld module offers selectable aperture
settings (A, B, C) to modulate inspiratory resistance, enabling
tailored training intensity. Patient-specific settings were stored
on a data key, and resistance was progressively increased when
patients performed exercises with ease, ensuring individualized
strength and endurance protocols under physician supervision.
Each 30-minute intervention session was supervised by a
physician.

The Measurement of Outcomes

The assessor responsible for evaluating all outcome measures
was blinded to the group assignments of the participants.
Assessments were performed by the same physician before
and after the treatment period. The following parameters were
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evaluated: Pain and Functional Assessment: Pain intensity was
measured using a 10-cm Visual Analog Scale (VAS) for resting
pain, where 0 indicated no pain and 10 indicated severe pain.
Functional status was assessed using the Bath Ankylosing
Spondylitis Functional Index (BASFI). This index comprises 10
questions regarding daily activities and coping ability over the
preceding week, scored on a 10 cm VAS. The total score is the
average of the 10 questions [10].

Disease Activity: The Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) was used to evaluate disease activity
over the last week. It consists of 6 questions covering 5 major
symptoms: fatigue, spinal pain, joint pain/swelling, localized
tenderness, and morning stiffness (duration and severity).
Responses used a 10 cm horizontal VAS. The final BASDAI score
is scaled from 0-10. Its validity and reliability have also been
established [11].

Pulmonary Function Tests (PFTs): PFTs were conducted using
a Sensorimedics VMax22™ spirometer to quantitatively assess
respiratory function. Measurements included Forced Vital
Capacity (FVC), Forced Expiratory Volume in 1 s (FEV1), Peak
Expiratory Flow (PEF), and Forced Expiratory Flow between
25-75% of FVC (FEF25-75). The optimal values from repeated
maneuvers were recorded.

Chest Expansion: Measured circumferentially using a tape
measure at the level of the nipples (4th rib) in males or just
below the breasts in females. To minimize inter-rater variability,
all chest expansion measurements for all participants at both
baseline and follow-up were performed by the same single
assessor. The difference between maximum inspiration and
maximum expiration was recorded after at least two attempts,
noting the largest value.

Mood: The Beck Depression Inventory (BDI), a 21-item scale
emotional,
of depression, was used. A score of 17 or higher indicates
depression. The Turkish validity and reliability study was
performed by Hisli [12].

Quality of Life: Assessed using the Short Form 36 (SF-
36) questionnaire. The 36-item tool measures eight health
dimensions: physical functioning, role limitations due to physical
problems, bodily pain, general health perception, vitality, social
functioning, role limitations due to emotional problems, and
mental health. Scores range from O (poor health) to 100 (good
health) for each subscale; there is no total score. Its Turkish
translation and validation have been documented [13].
Statistical Analysis

A sample size of 20 patients per group was determined to
provide approximately 70% power to detect a large effect size
(Cohen’s d = 0.8) between the groups for the primary outcome
measures, using a two-sided independent samples t-test with
a significance level (a) of 0.05. The assumption of a large
effect size was deemed appropriate for several reasons. At
the time of the study design, while specific data on IMT in AS
were scarce, this estimate was informed by studies in other
chronic conditions with respiratory compromise where targeted
training demonstrated substantial improvements. Furthermore,
it was hypothesized that a device-based, resistance-loaded
intervention like IMT would yield a clinically meaningful and
large effect on key respiratory parameters (such as chest

measuring somatic, and cognitive symptoms

expansion) compared to conventional, non-resisted exercises.
Data analysis utilized SPSS version 16.0 (SPSS Inc., Released
2008. SPSS Statistics for Windows, Version 16.0. Chicago:
SPSS Inc). Continuous data were presented as mean =
standard deviation, while frequency data were shown as
percentages. The Kolmogorov-Smirnov test assessed the
normality of the data distribution. For comparing continuous
variables between groups, the Independent-samples t-test
(for normal distribution) or the Mann-Whitney U test (for non-
normal distribution) was employed. Categorical variables were
compared using the Chi-square test or Fisher’s Exact test when
expected frequencies were below 5. Within-group comparisons
(pre- vs. post-treatment) utilized the Paired samples t-test
(normal distribution) or Wilcoxon Signed-Rank test (non-normal
distribution) for continuous variables, and the McNemar test for
categorical variables. Spearman Correlation Analysis examined
the relationships between the variables. A p-value less than
0.05 was considered statistically significant.

Informed Consent

All participants provided informed consent before enrollment
in the trial.

Ethical Approval

This study was approved by the Ethics Committee of Necmettin
Erbakan University, Meram Faculty of Medicine, Konya, Tirkiye
(Date: 2012-10-5, No: 2012/243). All participants provided
informed consent before enrollment in the trial.

Results

Participant Characteristics

Forty patients diagnosed with AS completed the study protocol.
Participants were randomly assigned to either the CE group (n
= 20) or the IMT group (n = 20). No adverse events related to
the interventions occurred; consequently, no patient withdrew
due to side effects. The participant flow through the study is
presented in Figure 2.

The baseline demographic and clinical features were comparable
between the two cohorts. The mean age, Body Mass Index
(BMI), smoking duration, symptom onset age, diagnosis age,
diagnostic delay, and disease duration showed no significant
intergroup differences (all p > 0.05), as detailed in Table 1.
Both groups were predominantly male (CE: 65%, n = 13; IMT:
80%, n = 16), with a similar distribution of smoking status,
comorbidities, and medication usage patterns. Furthermore,
baseline values for key clinical measures -including VAS for
pain, BASDAI, BASFI, chest expansion, and BDI scores- revealed
no statistically significant variations. Likewise, the baseline
scores across all eight domains of the Short Form 36 (SF-36)
quality of life questionnaire and all pulmonary function test
parameters did not differ significantly between the groups (all
p > 0.05).

Within-Group Changes (Pre vs. Post Treatment)

Following the 20-day
demonstrated statistically significant improvements in several
clinical measures. As shown in Table 2, both groups experienced
significant reductions in pain, disease activity (BASDAI),
functional limitation (BASFI), and depressive symptoms (BDI),
alongside significant increases in chest expansion.

Both groups also showed significant improvements in certain

intervention period, both groups
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SF-36 domains. The CE group improved significantly in General
Health Perception (p < 0.001), Pain (p = 0.003), and Physical
Function (p = 0.030). The IMT group showed significant gains in
General Health Perception (p < 0.001), Pain (p < 0.001), Vitality
(p = 0.005), Physical Function (p < 0.001), and Emotional Role
Limitation (p = 0.021).

Table 1. Baseline demographic characteristics of patients

Group

CE (n=20) IMT (n=20)

Mean + SD Mean + SD
Age (years) 46.60 £11.2 40.70 £10,6 17 .095
Body Mass Index (kg/m?) 29.50 6.8 27.02 +3.9 1.41 .166
Smoking Duration (pack/years) * 214114 20.0 £13.0 0.30 .766
Symptom Onset Age (years) 29.85 +11.0 27.10 £6.3 .96 339
Diagnosis Age (years) 38.8+12.4 32.95 +7.4 1.79 .080
Diagnostic Delay (years) 89 +7.4 5.85 +5.2 1.52 138
Disease Duration (years) 7.85 +7.6 7.75 8.7 .039 .969

CE: Conventional Exercise Group; IMT: Inspiratory Muscle Training Group; SD: Standard
Deviation. *Calculated among smokers only. t: t-test, x% Chi-square, p: Significance (a =
0.05). No significant differences between groups at baseline (p > 0.05).

Table 2. Pre- and post-treatment changes within groups

Post Treatment

Pre Treatment

Mean + SD Mean + SD

VAS pain CE 6.8+1.6 40+1.4 10.052  .000

IMT 6.3:1.8 3215 9519  .000
BASDAI CE 47 £1.4 3311 7.435 000

IMT 49+1.8 3.4 +1.41 7.580  .000
BASFI CE 42120 32+18 5.887  .000

IMT 41120 30+1.8 5697  .000
s @RS CE 36+1.0 38+1.1 -4205 000

IMT 33+1.0 40+1.1 -9.648 000
BDI CE 12.6 +8.0 93:7.0 3973 .001

IMT 14.8 +7.2 7.8 +4.8 6203  .000
BDI>17 ¥ CE 6 (%30) 4 (%20)

IMT 7 (%35) 1 (%5)

CE: Conventional Exercise Group; IMT: Inspiratory Muscle Training Group; SD: Standard
Deviation. t: t-test, x% Chi-square, p: Significance (a = 0.05). VAS: Visual Analog Scale
score, used for pain. BDI: Beck Depression Inventory Scores. * Chest expansion measure-
ment in centimeters. BASFI: Bath Ankylosing Spondylitis Functional Index score. BASDAI:
Bath Ankylosing Spondylitis Disease Activity Index score. ¥: Number of patients who have
BDI scores >17.

Table 3. Between-group comparison of changes in parameters

CE IMT
Mean + SD Mean + SD
VAS pain Change 29413 3115 -0,579 0,566
BDI Change 3,3 +3,7 7,0 5,0 -2,640 0,012
Chest Expansion Change* 0,3+0,3 0,7 +0,3 -4,413 0,000
BASFI Change 1,0 £0,7 1,1 +0,8 -0,243 0,809
BASDAI Change 1,4 0,8 1,5 0,9 -0,649 0,520
PEF Change 8,8 +15,8 9,5 17,1 0,134 0,894

CE: Conventional Exercise Group; IMT: Inspiratory Muscle Training Group; SD: Standard
Deviation. t: t-test, x*: Chi-square, p: Significance (a = 0.05). VAS: Visual Analog Scale
score, used for pain. BDI: Beck Depression Inventory Scores. *Change in chest expansion
measurement in centimeters. BASFI: Bath Ankylosing Spondylitis Functional Index score.
BASDAI: Bath Ankylosing Spondylitis Disease Activity Index score. PEF: Peak Expiratory
Flow.

BESFIRITIS

Figure 1. The Respifit-S® device Is used for inspiratory muscle
training
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Figure 2. CONSORT flow diagram of the inspiratory muscle
training study in ankylosing spondylitis patients

Regarding pulmonary function, only Peak Expiratory Flow (PEF)
showed a statistically significant improvement within both
groups (CE: p = 0.022; IMT: p = 0.023). Other pulmonary function
parameters did not change significantly within either group.
Between-Group Comparisons (Change Scores)

A comparison of the change scores (post-treatment minus pre-
treatment) revealed that the improvements in VAS pain, BASDAI,
BASFI, and PEF were not significantly different between
the groups (all p > 0.05). Similarly, there were no significant
between-group differences for most SF-36 subscales.
However, the IMT group exhibited significantly greater
improvements than the CE group in chest expansion (p <
0.001) and BDI scores (p = 0.012). Furthermore, the IMT group
demonstrated superior gains in the SF-36 domains of Vitality (p
= 0.049) and Physical Function (p = 0.008), highlighting specific
benefits of inspiratory muscle training (Table 3).

Discussion

This study assessed the potential advantages of IMT for
individuals with AS, a chronic inflammatory condition primarily
affecting the axial skeleton [4,5]. Our randomized controlled
trial involved 40 patients allocated to either CE alone or IMT
combined with CE. Baseline demographic and disease-specific
characteristics were comparable between the groups, mitigating
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potential confounding [14-16] and supporting the attribution of
outcomes to the interventions [7,17]. Both exercise regimens
demonstrated excellent tolerability; no adverse events led to
participant withdrawal, indicating a favorable safety profile for
these approaches in the AS population [18,19] and bolstering
the reliability of our follow-up assessments [17].

Following the 20-day intervention, participants in both the CE
and IMT groups exhibited significant clinical improvement. We
observed notable enhancements in disease activity (BASDAI),
functional status (BASFI), pain levels (VAS), and thoracic
mobility (chest expansion). Psychological well-being, measured
by the BDI, also improved significantly within both cohorts.
Both groups improved in SF-36 General Health, Pain, and
Physical Function domains, with IMT also enhancing Vitality and
Emotional Role. These positive responses align with extensive
evidence supporting structured exercise in AS management
[2,14,20-22]. Furthermore, Peak Expiratory Flow (PEF) showed
beneficial changes. The gains achieved over this relatively brief
period suggest that even focused, short-term rehabilitation
can yield meaningful results in patients with AS. While other
pulmonary function tests did not reach statistical significance
here, improvements have been noted in other programs, often
with longer durations [7,8,14].

The primary objective was to evaluate whether IMT provided
distinct benefits over CE alone. Comparison of change scores
revealed significant advantages for the IMT group in key
outcomes. The significant improvement in chest expansion
with IMT (p < 0.001) reflects its targeted effect on respiratory
mechanics, often impaired in AS [23]. Mechanistically, this
may be attributed to enhanced diaphragmatic function and
strengthening of intercostal muscles, which act directly against
the costovertebral joint rigidity characteristic of the disease.
Notably, the IMT group showed a greater reduction in depressive
symptoms (BDI scores, p = 0.012). This enhanced psychological
benefit may stem from several factors; beyond potentially
improved oxygenation, the reduced physiological work of
breathing can decrease exertional dyspnea and associated
anxiety, contributing to a better sense of well-being and vitality
[5,22]. Additionally, the IMT group demonstrated superior gains
in SF-36 Vitality (p = 0.049) and Physical Function (p = 0.008)
domains (Table 3).

These findings provide valuable clinical insights. The marked
improvement in chest expansion with IMT underscores its
efficacy in addressing thoracic mobility limitations, a hallmark
of AS, despite mixed results in prior studies on standard
pulmonary function tests [5,7,9]. The enhanced psychological
outcomes (BDI, SF-36 Vitality) align with evidence linking
exercise to improved mood in chronic diseases [23] and suggest
IMT may offer unique benefits, potentially through better
respiratory efficiency or reduced fatigue [17]. The improved SF-
36 Physical Function further indicates a link between enhanced
respiratory capacity and overall functional ability, a connection
not consistently observed in previous AS exercise research [8].
Conversely, within this study’s timeframe, adding IMT did not
lead to significantly better outcomes than CE alone for VAS
pain, BASDAI, BASFI, PEF, or the remaining SF-36 subscales.
While some investigations have reported superior BASDAI
improvements with IMT [5,7], our data did not replicate

this. This discrepancy could be attributable to differences
in study design; for instance, our 20-day intervention, while
intensive, may have been insufficient to impact the systemic
inflammatory processes reflected in the BASDAI, whereas
longer protocols in other studies might have allowed such
effects to emerge. Additionally, variations in baseline disease
activity or patient characteristics across cohorts could influence
the responsiveness of this outcome measure. The absence of a
between-group difference in PEF concurs with certain studies
[5] but differs from others [7,9], highlighting the existing
heterogeneity in the literature.

Limitations

This study has several limitations that warrant consideration.
This investigation utilized a relatively condensed 20-day
intervention period and included 40 participants from a single
center. Although this duration permitted the detection of
significant changes, and the sample size is comparable to other
initial AS exercise trials [3,5,20], longer programs and larger,
multi-center cohorts are needed to increase statistical power
and improve the generalizability of these findings [6,8,15].
Furthermore, the use of a novel device in the IMT group
introduces the potential for a placebo or attention effect, which
may have influenced subjective outcomes like the BDI and SF-
36 scores. Future trials should incorporate a sham-IMT group,
using a device with negligible resistance, to control for this
possibility and isolate the specific physiological effects of the
training. It is important to note, however, that the total number
of intervention sessions (n = 20) was substantial, and crucially,
each session was conducted under direct physician supervision,
ensuring high protocol fidelity. These initial results offer a
valuable foundation for planning subsequent, more extensive
investigations [17].

Conclusion

In conclusion, while both CE alone and IMT combined with CE
effectively improved multiple clinical outcomes in patients with
AS, our findings suggest that incorporating device-based IMT
provides specific, significant advantages. These were most
evident in enhancing chest expansion, alleviating depressive
symptoms, and improving the vitality and physical function
aspects of quality of life [24,25]. Consequently, IMT emerges
as a potentially valuable adjunctive therapy in AS management.
It may be particularly beneficial for patients with significant
respiratory involvement or psychological distress. From a
practical standpoint, the initial phase of IMT may benefit from
clinical supervision to ensure proper technique and resistance
progression, as was done in our trial. However, once proficiency
is achieved, IMT holds significant potential as a component of a
structured home-based exercise program, potentially increasing
long-term accessibility and adherence. Future research should
aim to confirm these effects in larger, more diverse populations
over extended follow-up periods.
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