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Thoracic manifestations and respiratory function alterations in
axial spondyloarthritis and newest possibilities of ultrasound to
detect changes in diaphragm—a narrative review
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Background and Objective: Axial spondyloarthritis (axSpA) includes thoracic manifestations and
changes in respiratory function that require a comprehensive understanding for effective treatment. This
review aims to investigate these manifestations and evaluate the role of ultrasound in detecting diaphragmatic
changes to provide insights for improved diagnosis and treatment strategies in axSpA patients.

Methods: A systematic search was conducted in Index Medicus and Scopus from 2003 to 2023.
Inclusion criteria included primary and secondary publications, with a focus on high-quality evidence
such as randomised controlled trials and systematic reviews with or without meta-analysis. Keywords
spondyloarthritis, respiratory, chest, thoracic, diaphragm and ultrasound were used in the search. A total of
22 articles were identified after duplicates, and inadequate papers were removed.

Key Content and Findings: The review included the prevalence, classification and extra-articular
manifestations of axSpA, highlighting the impact on respiratory function. Thoracic manifestations and the
potential impact of pharmacological interventions were detailed, and various conditions affecting respiratory
dynamics were discussed. In addition, the utility of ultrasonography in assessing diaphragmatic function
was explained and the techniques, parameters and measurements used to assess diaphragmatic movement,
muscle thickness and respiratory mobility were described. The results illustrate the changes in diaphragmatic
function in axSpA patients and their correlation with disease activity.

Conclusions: This narrative review highlights the intricate relationship between axSpA and respiratory
manifestations and emphasises the significant impact on thoracic function and diaphragmatic dynamics. The
utility of ultrasound in assessing diaphragmatic function offers a promising avenue for objective evaluation
that provides insight into disease activity and potential therapeutic responses. This review emphasises
the critical role of early diagnosis and vigilant monitoring, and advocates a multidisciplinary approach
that integrates non-pharmacological interventions, particularly tailored physical activity, to maintain and
improve respiratory function in axSpA patients. Increased research initiatives and awareness of pulmonary

complications in axSpA are essential to optimise medical care and improve treatment outcomes in this patient

group.
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Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory
rheumatic disease predominantly affecting the spine and
sacroiliac joints. The clinical picture is characterised
by pain, stiffness and limited mobility with a resulting
restriction of functional capacity. In 2009, the Assessment
of SpondyloArthritis International Society (ASAS)
proposed classification criteria for axSpA (1). Taking into
account the presence of changes on native radiograph or
magnetic resonance only, the nomenclature distinguishes
between radiographic axSpA (r-axSpA), including
ankylosing spondylitis (AS), and non-radiographic axSpA
(nr-axSpA) (2). The estimated prevalence of axSpA is 0.36%
t0 0.70% and AS between 0.20% and 0.25% (3,4).

In axSpA, there are often extra-articular manifestations
of the disease that are part of the SpA concept, but also
those that are not. Considering the organ system affected,
they can be divided into: ocular manifestations (uveitis—
mostly unilateral, acute, anterior uveitis) (5), gastrointestinal
(inflammatory bowel disease) (6,7), skin (psoriasis) (8),
bone (osteoporosis and associated low energy vertebral
fractures) (9), cardiovascular (conduction disorders, valvular
heart disease, cardiomyopathy, atherosclerosis, thrombosis,
aortitis, pericarditis, vasculitis) (10-13), renal disease (IgA
glomerulonephritis, amyloid deposition, microhaematuria,
microalbuminuria, impaired renal function) (14) and
pulmonary manifestations, described in detail later.

Disease assessment in people with axSpA is a
comprehensive and multi-layered process that includes
dimensions such as disease activity, functional status,
pain perception, stiffness, fatigue, mobility and quality
of life. The ASAS/OMERACT (Outcome Measures in
Rheumatology) consortium has provided recommendations
for assessing outcomes in this context (15).

Treatment modalities include both pharmacological
and non-pharmacological interventions. Despite the
remarkable progress made by the widespread use of
biologics, which have significantly improved outcomes
in this group, a subgroup of patients show suboptimal
response or intolerance to these therapies (16). For all
patients, especially this subgroup, it is of utmost importance
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to achieve positive treatment outcomes through lifestyle
modifications. The European Alliance of Associations
for Rheumatology (EULAR), along with most national
rheumatology societies, advocates the inclusion of regular
physical activity as it is associated with reduced disease
activity, slowing of disease progression, attenuation of
functional impairment, improved thoracic and spinal
mobility, improved cardiorespiratory function and overall
improvement in well-being (17,18).

Assessment of physical function is recognised as a critical
aspect within the ASAS/OMERACT core collection of
outcome measures. However, despite the need for a holistic
approach to the treatment of axSpA, involving a harmonious
integration of pharmacological and non-pharmacological
approaches, the latter interventions are often undervalued
and neglected. This dilemma presents a particular challenge,
as empirical clinical research undeniably highlights the
limited capacity for physical activity in individuals with
axSpA (19-21). We present this article in accordance with
the Narrative Review reporting checklist (available at
https://jtd.amegroups.com/article/view/10.21037/jtd-23-
1936/rc).

Methods

The aim of this paper is to review the thoracic manifestations
and changes in respiratory function in axSpA, and to gain
insight into the latest ultrasound capabilities to detect
changes in the diaphragm in these patients that may
potentially impact early diagnosis and treatment outcomes.
To this end, we conducted a review of the existing
literature in two major databases, Index Medicus and
Scopus, from 2003 to 2023. Our search included secondary
and tertiary publications, focusing on the highest ranked
articles according to the evidence-based medicine
hierarchy, randomised controlled trials and systematic
literature reviews with or without meta-analysis. Using the
keywords spondyloarthritis, respiratory, chest, thoracic,
diaphragm and ultrasound, we initially found 242 articles.
After subtracting duplicates and papers that do not match
thematically, there were 22 that are included in this
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Table 1 The search strategy summary
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ltems Specification

Date of search 8th June 2023

Databases searched  Scopus, Index Medicus
Search terms used
Timeframe 2003-2023

Inclusion and
exclusion criteria

spondyloarthritis, respiratory, chest, thoracic, diaphragm and ultrasound

Inclusion criteria: study type: cross-sectional studies, comparative studies, randomised controlled trials,
systematic literature reviews with or without meta-analysis; language: English, German

Exclusion criteria: case reports, case series, articles that do not match thematically despite the search parameters

Selection process
screening

The literature search was conducted independently by two researchers who also performed the initial literature

A third researcher independently conducted an additional screening of the literature

The final selection of literature was made by consensus of all researchers, which was thematically and qualitatively

consistent with the research

narrative review. An overview of the database research
strategy is presented in Table 1.

Thoracic manifestations and respiratory function
alterations in axSpA

The first descriptions of lung and pleural involvement
in individuals with spondyloarthritis date back to 1941
and 1949 (22). Although changes in lung function and
ventilatory disturbances are often due to changes in the
stiffness and elasticity of the thorax and thoracic spine, it
is important to highlight the conditions stemming from
pulmonary parenchymal changes, as well as those that occur
as potential consequences of pharmacological interventions
in axSpA. The predominant clinical conditions that lead
to impaired respiratory function in axSpA patients include
chest discomfort, restrictive chest disorders, interstitial
lung disease, apical fibrosis (apical fibrobulous disease),
pulmonary superinfection, spontaneous pneumothorax,
obstructive sleep apnoea, bronchiolitis obliterans,
bronchiocentric granulomatosis, cricoarytenoid arthritis
and iatrogenic reactivation of latent tuberculosis (23,24).

In addition to reactivation of latent tuberculosis [often
associated with anti-tumor necrosis factor (TNF)-a drugs],
pneumonitis (associated with methotrexate, leflunomide
and gold salts), DRESS (drug reaction with eosinophilia
and systemic symptoms) associated with sulfasalazine,
asthma, triggered by nonsteroidal anti-inflammatory drugs
(NSAIDs), and rare cases of new-onset, and progression of
interstitial lung disease (reported with anti-TNF-o drugs)
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are possible side effects of pharmacological interventions for
inflammatory rheumatological diseases (25). Pleuritis and
lupus-like syndrome (associated with anti-TNF-a drugs)
further expand the spectrum of lung involvement (25). In
addition, the prevalence of chronic obstructive pulmonary
disease (COPD) is significantly higher in people with
psoriatic arthritis and AS (26).

Inflammatory changes in the joints and entheses, coupled
with ossification and fusion of the thoracic spine, costovertebral
joints and occasionally costosternal joints, sternoclavicular
joints and manubriosternal synchondrosis contribute to a
reduction in chest mobility. These changes culminate in the
development of thoracic kyphosis, inflexibility of the thorax,
formation of syndesmophytes and further decrease in spinal
and thoracic mobility during the respiratory cycle (27). The
persistent stiffness of the rib cage exacerbates atrophy of
the intercostal muscles, which increases the workload on
the diaphragm as the main inspiratory muscle. All these
factors contribute to a reduction in lung volume and capacity
compared to the healthy population (28-30).

Fibrocystic changes in the upper lobe of the lung are
thought to result from thickening of the apical portion of
the pleura due to decreased ventilation of the upper lobes
of the lung as a result of chest stiffness (31). Although
these changes are predominantly asymptomatic, they
can lead to superinfections with mycobacteria or fungi,
especially Aspergillus fumigatus. Furthermore, they can
occasionally lead to unilateral or, rarely, bilateral spontaneous
pneumothorax (occurring in about 0.29% of patients),
which requires immediate medical attention (32).
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The gold standard for diagnosing restrictive lung
disease is measurement of total lung capacity (TLC) by
plethysmography. However, due to its limited availability
in certain healthcare settings, spirometry is recommended
as a reliable screening tool to identify a restrictive pattern
in respiratory dysfunction with a sensitivity of about
60% (29,33,34).

In individuals affected by AS, the decline in lung
function typically manifests as a restrictive pattern, with a
prevalence of 20-57% (35). This phenomenon is primarily
due to restricted chest mobility, which is present in almost
all individuals with advanced disease, and to a lesser extent,
interstitial lung disease (24,36-40).

Although restrictive pulmonary changes in axSpA are
often asymptomatic, their impact on functionality and
quality of life is undeniable (41). Studies have revealed a
negative correlation between chest mobility and forced
vital capacity (FVC) and forced expiratory volume in the
first second (FEV1) values (28,41-43). A characteristic
phenomenon is the maintenance or even enhancement of
gas exchange across the alveolar-capillary membrane, which
suggests extrapulmonary limitation rather than primary
pulmonary dysfunction (25).

Comparative study by Berdal ez 4/. found a relationship
between spinal and thoracic mobility and changes in the
percentage of expected FVC in individuals with AS. Of
note, the authors found no significant correlations between
lung function and measures of disease activity, physical
function, smoking and cardiorespiratory functional capacity
during physical activity (40). A study by Romagnoli ez al.
demonstrated an increased workload of the diaphragm
and abdominal muscles in AS patients that compensates
for limited chest mobility (44). In individuals with AS and
kyphotic deformities of the thoracic spine, changes in the
direction of movement of the diaphragm and a shortened
anterior abdominal wall adversely affect the respiratory
process. Liu et al. also confirmed that AS patients with
kyphotic deformities experience sagittal axial rotation of the
diaphragm, which can reduce both vital capacity and FVC (45).

This underlines the importance of preserving spinal
mobility in patients while emphasising that the prevention
of radiological progression, starting with the immediate
initiation of adequate treatment, must be a top priority.

Ultrasound assessment of diaphragm function

and its significance in people with axSpA

The diaphragm, a vital respiratory muscle, has a dome-
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shaped form and can be anatomically divided into two main
segments: the central portion, which consists of a tendon,
and the outer muscular portion. Functionally, this muscular
part is further divided into two components: the crural
segment, located medially and originating from the lumbar
vertebrae (.2-L4), and the larger costal segment, located
laterally and connected to the inner surfaces of the six lower
ribs, thus forming the zone of apposition (ZOA) (46,47).

During breathing, contraction of the muscle fibres in
the ZOA causes the diaphragm to move craniocaudally,
resulting in an increase in intrathoracic volume and
a subsequent decrease in intrathoracic pressure. This
mechanism facilitates the inflow of air into the lungs. At
the same time, the muscle fibres in the costal portion of
the diaphragm elevate the lower chest, contributing to its
expansion. In the exhalation phase, the diaphragm relaxes
and its upward displacement results from the elastic recoil
of the lungs. For sustained, rhythmic and uninterrupted
breathing, it is essential that the muscle fibres of the
diaphragm have some endurance against fatigue. In the
adult human diaphragm, the composition of muscle fibres
is 55% type I fibres (which are slow fatigue resistant),
21% type IIA fibres (fast oxidative fibres with intermediate
fatigue resistance) and 24% type IIB fibres (fast glycolytic
fibres with low fatigue resistance) (48). Ultrasound is used
as a means to assess diaphragmatic function by measuring
muscle thickening and respiratory mobility. Two acoustic
windows are used in this assessment: the subcostal area
(SCA) and the ZOA.

During a diaphragmatic contraction, ultrasound
examinations through the SCA window provide insights into
the cranio-caudal excursion of the diaphragm. To acquire
these images, a low frequency phased array or curved array
probe (2-5 MHz) is strategically placed just below the
costal arch along the midclavicular and anterior axillary line
(for anterior subcostal view) or along the mid and posterior
axillary line (for posterior subcostal view). The ultrasound
probe is tilted cranially and aligned perpendicular to the
diaphragmatic dome. The diaphragm is visualised as a
hyperechoic line extending over the liver and spleen, which
serve as acoustic windows. During the inspiration phase,
the diaphragm should move in the direction of the probe.
The examination is performed during different breathing
patterns, including quiet breathing, deep breathing and the
sniffing manoeuvre (49-52).

At the same time, ZOA window is used to observe
muscle thickness and thickening fraction (TF). In the
intercostal approach, a 10-15 MHz linear array transducer
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is placed in cranio-caudal alignment and perpendicular
to the skin, typically between the mid-axillary line or
the antero-axillary line within the 8th to 11th intercostal
spaces. The diaphragm appears as a three-layered structure
lying between the pleural and peritoneal membranes.
Measurements of the diaphragm are taken in either B or
M mode using callipers, with recordings at the end of
expiration (expressing functional residual capacity—FRC)
and at the end of inspiration (expressing TLC) during deep
breathing (49,53,54).
Boussuges ez al. have demonstrated, in their reproducibility
and a repeability study, a high degree of reproducibility
by the same examiner (96-94%) and between examiners
(95-91%) when measuring the movement of both
hemidiaphragms during quiet breathing (50). In addition,
measurement of diaphragm thickness fration in M-mode
and B-mode has been shown to be reproducible in a group
of 66 healthy subjects with a repeatability coefficient of
0.10-0.15 for M-mode and 0.16-0.26 for B-mode. A
repeatability coefficient <0.3 was considered acceptable.
For less experienced users, ultrasound examination with
M-mode is more accurate (55,56).
The respiratory mobility of the diaphragm is determined
by the maximum distance the diaphragm travels between
forced inspiration and expiration (in millimetres). Normal
values of diaphragmatic mobility depend on the patient’s
sex, position, positioning and orientation of the ultrasound
probe, the side of the hemidiaphragm and the type of
inspiration (quiet breathing or deep breathing).
During deep breathing in the supine position, the
measurements are as follows:
% Right hemidiaphragm: 4.7£1.0 cm (female) vs. 5.3+
1.1 cm (male);

% Left hemidiaphragm: 4.8+0.3 cm (female) vs. 5.4+
1.3 cm (male).

For comparison, in standing position, the values are:

% Right hemidiaphragm: 5.7+1.0 cm (female); 7.0+
1.1 cm (male);

% Left hemidiaphragm: 6.4+1.0 cm (female); 7.5+0.9 cm
(male).
During quiet breathing, the sex- and position-related
differences are significantly smaller, with the following
values:
% Right hemidiaphragm: 1.6+0.3 cm (female); 1.8=
0.3 cm (male);

% Left hemidiaphragm: 1.6+0.4 cm (female); 1.8+0.4 cm
(male) (50,56).

Diagnosis of diaphragmatic weakness is established
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by observing decreased mobility during deep breathing,
with or without paradoxical movement during the sniffing
manoeuvre (57).

Assessment of the trophicity and contractile efficiency
of the diaphragm involves evaluation of the thickness of
the diaphragm (Tdi), the ratio of thickening at the end
of inspiration and expiration (TdTLC/TdFRC), and
the fraction of diaphragmatic thickening (TF) at the end
of forced inspiration (Tdi-insp) and forced expiration
(Tdi-exp) [(Dtf) = (tdiTLC - tdiFRC)/tdiFRC] in both
hemidiaphragms (54,58).

Tdi-exp provides information about the trophicity of the
diaphragm. Reference values for healthy individuals, based
on a cross-sectional study of 109 healthy subjects with an
average age of 25.8+6.5 years, are 0.14+0.03 cm for women
and 0.19+0.04 cm for men (59).

The lower limit of acceptable diaphragmatic thickness
at FRC is 0.15 cm, and an increase in diaphragmatic
thickness from FRC to TLC of at least 20% is considered
physiological. A difference in thickness from sides at FRC
of >0.33 cm is abnormal (60).

The TF is calculated using the following formula: TF
= [(Tdi-insp - Tdi-exp)/Tdi-exp] x 100. Cardenas ez a/.
conducted a study on a sample of 64 healthy participants
and determined an average physiological TF of (169+43)%
in women and (204+61)% in men (52).

The diaphragm is expected to thicken by at least 20%
during maximal inspiration, with minimal side-to-side
variation (61). It has been found that the displacement of
the diaphragm is greater in supination than in standing or
sitting, considering the same volume of inspiration (62).
According to Boussuges er al. study on the 410 healthy
volunteers the mean value and lower limit of normal
diaphragmatic displacement during quiet breathing and the
sniffing manoeuvre are comparable to the values for people
in a standing position. However, the mean and lower limits
of diaphragmatic displacement during deep breathing in the
seated position were lower than in the standing position (50).
A technical report by Houston ez /. found that the normal
right-to-left ratio of maximum diaphragmatic displacements
during deep breathing was in the range of 0.5 to 1.6 (63).

Diagnosis of diaphragmatic dysfunction includes
ultrasound values of TF <20-29% and diaphragmatic
excursion of less than 1 ¢cm. Reduced, absent or
paradoxical diaphragmatic motility supports the diagnosis
of diaphragmatic palsy. Reduced Tdi-exp (<0.11 cm)
and reduced TF (<20%) support a diagnosis of chronic
diaphragmatic palsy, while reduced, absent or paradoxical
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mobility and reduced TF <20% support a diagnosis of acute
diaphragmatic palsy (56).

Studies have not demonstrated a relationship between
diaphragmatic thickness and body mass index (BMI),
respiratory index or chest circumference (59). In contrast
to these findings, research by Kantarci ez 4/. on 164 healthy
subjects indicates that BMI <18.5 kg/m’ and >40 kg/m’ is
associated with statistically lower diaphragmatic motility
in healthy subjects (64). Diaphragmatic thickness and
contractility are only slightly influenced by age, sex or
smoking status (60).

In people with axSpA, changes in the diaphragm may
be seen on ultrasound, indicating muscle dysfunction that
could be associated with respiratory symptoms. Unlii et 4.
conducted a comparative study with 33 subjects with axSpA
and observed a non-significant reduction in diaphragmatic
mobility compared to a control group using ultrasound. In
addition, their study found a positive correlation between
diaphragmatic mobility and the occiput to wall distance and
a negative correlation with cervical spine rotation and the
modified Schober test. These results suggest a correlation
between limited axial mobility and diaphragmatic
movement (65). A cross-sectional study by Dhahri et al.
studied diaphragm and respiratory function with ultrasound
in 50 people with axSpA. Their study showed a decrease in
diaphragm thickness and a correlation between diaphragm
thickness and lung function parameters. This was confirmed
by the results of spirometry from the same study, which
indicated restrictive disorders in 32% of the subjects and
pathological values of chest motility in 72%. Diaphragmatic
thickness was found to correlate with FVC and supine FVC,
further confirming the correlation between ultrasound
diaphragmatic assessment and spirometry results (66).

In a cross-sectional study of 50 patients diagnosed with
AS by Mejri Ep Ajili ez al., 54% of the subjects were found
to have decreased right hemidiaphragm motility and 48%
were found to have decreased left hemidiaphragm motility.
In addition, decreased diaphragmatic thickening was found
in the right hemidiaphragm in 56% of the subjects and in
the left hemidiaphragm in 60%. The study also showed
a correlation between right hemidiaphragm inspiratory
thickness and FVC and FVC in the supine position (67).

In a cross-sectional study by Giines et 4l. of 49 patients
diagnosed with axSpA, a negative correlation was found
between the erythrocyte sedimentation score and the
diaphragmatic thickness ratio during the respiratory
cycle (dtr), which assesses the thickness ratio at maximum
inspiration (TLC) and expiration (FRC). This suggests
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a possible relationship between disease activity and
changes in diaphragmatic function. The authors suggested
that assessment of dtr could complement pulmonary
function tests (PFTs) and emphasised the importance of
early interventions, such as specific exercises to improve
diaphragmatic function, in people with axial SpA (68).
Inspiratory muscle training leads to an improvement
in inspiratory muscle strength, targeting the diaphragm
muscles in particular, thereby increasing functional capacity.
This programme also serves to increase chest expansion,
which increases its benefit by exerting a positive influence
on mitigating disease activity in patients with axSpA (69).

Conclusions

A thorough understanding of the pulmonary manifestations
in people with axSpA is essential for accurate diagnosis and
targeted treatment strategies.

A comprehensive, multidisciplinary therapeutic approach
that includes careful monitoring of pulmonary changes
plays a fundamental role in improving patient outcomes and
quality of life.

The use of ultrasound measurements to quantify
diaphragm thickness, which, given its central role as the
main inspiratory muscle, combined with an assessment of
its respiratory mobility, provides objective insights into its
functional dynamics. Insufficient diaphragmatic mobility
can lead to a reduction in lung volume and capacity,
which in turn affects the patient. By detecting inadequate
diaphragmatic mobility, ultrasound can alert the physician
to a possible reduction in lung volume and capacity so that
appropriate measures can be taken to optimise respiratory
function. In contrast, the observation of increased
diaphragmatic mobility during follow-up examinations can
indicate improved disease control and a better response to
therapy, so that treatment strategies can be targeted towards
a better outcome for the patient. A nuanced understanding
of these adaptive changes is essential for ongoing
monitoring of the condition of axSpA patients to facilitate
therapeutic interventions to optimise respiratory function.

Promoting further research initiatives and raising
awareness of pulmonary complications has the potential
to improve the efficiency of medical care and treatment
outcomes for patients with axSpA.
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