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Objective: Spondyloarthritis (SpA) is a chronic inflammatory rheumatic disease that can lead to spinal ankylosis and consequently, 
restrictive pulmonary dysfunction. Thus, the present study aimed to assess the accuracy of diaphragm ultrasound compared to 
spirometry in the screening of restrictive pulmonary disorders in radiographic SpA patients.
Methods: We conducted a cross-sectional study of 50 patients with radiographic SpA, over six months. Sociodemographic data, 
clinical characteristics of the disease, as well as biological, radiological, and therapeutic data, were collected. Spirometry and 
diaphragm ultrasound were performed.
Results: The mean age of the study participants (N= 50) was 42.7±11 years [range: 25–66] with male predominance (N= 41). 
Spirometry showed a restrictive disorder in 32% of cases. The mean chest expansion (CE) value was 3.9±1.81cm [range: 1–9] with 
a median of 4 cm. A pathological value (<5cm) was observed in 72% of cases. A significant positive correlation was found between 
the right inspiratory diaphragmatic thickness and forced vital capacity (FVC) (r= 0.36; p = 0.02) and the supine FVC (r=0.29; p = 
0.04). The left inspiratory diaphragmatic thickness was correlated with the percentage of the FVC decrease (r= 0.35; p = 0.01) defined 
as the percentage of difference between FVC and supine FVC. The right expiratory diaphragmatic thickness was associated with the 
FVC (r=0.32; p = 0.02). A significant positive correlation was found between the CE and the presence of B lines (r=0.32; p = 0.02), 
but not between the CE and the FVC.
Conclusion: The present study showed that diaphragm ultrasonography is correlated with spirometric findings in radiographic SpA 
patients. Further studies are required to assess its reliability, specificity, and sensitivity in this pathology.
Keywords: spondyloarthritis, ultrasonography, diaphragm, restrictive pulmonary disorder, spirometry

Introduction
Spondyloarthritis (SpA) is a heterogeneous group of chronic rheumatic diseases characterized by inflammation of the 
spine and sacroiliac joints.1 Radiographic SpA is one common form of SpA, affecting mainly the axial skeleton, causing 
inflammatory back pain and resulting in varying degrees of structural and functional impairment. Spinal ankylosis can 
lead to respiratory complications including restrictive pulmonary disease induced by chest wall excursion limitations and/ 
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or interstitial lung disease, both of which can cause serious impairment.2,3 Inflammation in the thoracic vertebrae and 
costovertebral joints leads to gradual fusion and ossification of the joints, resulting in increased dorsal kyphosis and 
rigidity of the thorax.1,4 Furthermore, the expansion of the rib cage gradually decreases, leading to an atrophy of the 
intercostal muscles.5 Thus, breathing becomes mainly diaphragmatic, resulting in mechanical limitations and reduced 
lung volumes.

In fact, the most prevalent pattern of pulmonary dysfunction is restrictive ventilatory impairment.6 The gold-standard 
definition of restrictive pulmonary disease requires measurement of total lung capacity (TLC). Since measurement of 
TLC may not be available for all clinicians, spirometry as an effective test to exclude a restrictive pattern, can be 
performed.7

Indeed, the pulmonary involvement in radiographic SpA patients can be evaluated by spirometry to measure lung 
volumes,5 with a sensitivity of 60%. Despite its importance, spirometry detects restrictive involvement but cannot 
determine whether the restriction is due to chest wall limitations or interstitial lung disease.7,8 Because chest expansion is 
limited in patients with SpA, ventilation becomes more dependent on the diaphragm, and respiration becomes compen-
sated by the diaphragm, especially during hyperventilation.9 Hence, better be to assess the diaphragmatic involvement 
separately. In this context, Ultrasonography (US) is consistent. In fact, US has been increasingly used in respiratory 
medicine. US offers many advantages: it is easy to be performed, usable at the bedside of the patient, and without 
irradiation. It also allows studying the morphological and dynamic aspects of each hemidiaphragm and the thoracic and 
sub-diaphragmatic environment. Its field of exploration is extremely wide and the results of the examination are 
immediately available.10 Recent studies have evaluated the reliability of US in assessing sagittal spine mobility, chest 
expansion,11 and diaphragmatic motion9 in radiographic SpA patients compared with controls. To the best of our 
knowledge, no study has evaluated the reliability of US in assessing the diaphragm involvement in ventilatory mechanics 
impairment in radiographic SpA patients and its correlation with the disease’s activity, yet. Therefore, we aimed to 
determine the accuracy of diaphragm US compared to spirometry in screening pulmonary disorders in patients with 
radiographic SpA and to assess the correlation between activity of radiographic SpA, spirometric and US findings.

Methods
Study Design and Patient Selection
We conducted a simple blind cross-sectional study from August 2020 to January 2021 in the department of rheumatology 
of the military hospital of Tunis. A sample size of 48 patients was required to achieve statistical significance (power: 0.8; 
alpha: 0.05), calculated using a predictive formula. We included 50 patients aged over 18, with a diagnosis of radio-
graphic SpA according to Assessment of Spondyloarthritis International Society (ASAS) criteria12 with no history of 
a known chronic pulmonary disease. All participants were informed about the purpose of the study. The non-inclusion 
criteria were an anterior respiratory disease such as interstitial lung disease or chronic obstructive pulmonary disease. We 
excluded non-consenting patients and those with an incomplete assessment (spirometry and diaphragmatic ultrasound). 
All patients gave their written consent before recruitment. The study procedure was in accordance with the Declaration of 
Helsinki and was approved by the Military Hospital Research Ethics Committee with the number: (ID 11/21/CLPP).

Clinical Assessment
Patients’ demographic, clinical, and therapeutic features (age, medical history, smoking status, disease duration) were 
collected. Anthropometric measures were evaluated by the body mass index (BMI) in addition to chest expansion (CE) 
metering and Bath Ankylosing Spondylitis Metrology Index (BASMI).13

The CE was measured with a tape measure placed around the chest at the xiphoid process level. The difference (cm) 
in the chest circumference between maximum inspiration and expiration was noted (best of two attempts).14 The lower 
normal limit of CE was set to 5 cm.15

Disease activity was assessed by inflammatory markers, including the C-reactive protein (CRP) (mg/l) and erythro-
cyte sedimentation rate (ESR) (mm/h)), the Ankylosing spondylitis Disease Activity Score (ASDAS)-(CRP),16 and Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI).17 Patient-reported physical function was measured with the 
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Bath Ankylosing Spondylitis Functional Index (BASFI).18 Radiological scoring was assessed by the Bath Ankylosing 
Spondylitis Radiology Index (BASRI).19

Data Related to Pulmonary Involvement
Respiratory symptoms (chronic cough, dyspnea) were noted. Chest X-ray was performed on all included patients.

Pulmonary Function Tests (PFT)
All participants underwent a PFT, evaluated by a spirometer (Spida 5) as follows:

- FVC (Forced Vital Capacity): is the maximal volume of air delivered during an expiration made as forcefully and 
completely as possible starting from full inspiration; expressed in liters.

- FEV1 (Forced Expiratory Volume in one second): is the volume, expressed in liters, delivered in the first second of 
the FVC maneuver.

- FEV1/FVC%: is the absolute ratio; derived from observed values (not percent predicted) (liters/liters×100). 
Primarily used in the diagnostics of obstructive ventilator disease.

- The FVC in the supine position was also performed. Indeed, the supine position has an impact on diaphragmatic 
function because of the increase in intra-abdominal pressure limiting the movement of the diaphragm, which leads to 
a decrease in lung volumes and FVC. This decrease is also due to the compression of the ribs by the bodyweight 
preventing full thoracic expansion.20

Patients were categorized as having a restrictive ventilatory pattern if FVC<80% with FEV1/FVC≥70%.21,22 The 
restriction is mild (FEV1>70%), moderate (FEV1 between 50 and 69%), or severe (FEV1 ≤ 49%).23 The percentage of 
decrease in FVC in supine (Δ FVC) was calculated using the formula: [(FVC- FVC supine)/FVC] *100. Δ FVC was 
considered significant under physiological conditions if it was greater than 7%.24

US Measurements
An experienced investigator carried out US examinations using a Doppler echocardiography (SONON) equipped with 
two probes connected to a tablet via Wi-Fi.

Search for B Lines 
A low-frequency convex probe (3.5 MHz): for the search for B-lines and measurement of diaphragmatic excursion (DE) with 
the patient in a sitting position. These lines correspond to a hydroaeric comet-tail artifact, hyperechoic, arising from the pleural 
line. Their presence is a sign of interstitial disorder.25,26 However, B-lines <3/field of view were considered normal.25,26

Diaphragmatic Measurements 
They were performed on the patients in a sitting position with the probe facing the thoraco-abdominal transition zone.27 

This zone corresponds to a linear image created by the sudden rupture of echogenicity between the lung and the 
underlying organs.10

A High-Frequency Linear Probe (7.5 MHz) 
For the measurement of the diaphragmatic thickening (DT) between inspiration and expiration with the patient in the 
supine position.

Measurement of the Diaphragmatic Excursion 
The diaphragmatic excursion was measured for both hemidiaphragm (right diaphragmatic excursion (RDE) and left 
diaphragmatic excursion (LDE)) in B mode using a low-frequency probe (3.5 MHz). It corresponds to the maximum 
distance traveled by the diaphragm between forced inspiration and forced expiration, expressed in millimeters (mm). It 
was considered abnormal if the DE was <47mm in men and <36mm in women.28

Measurement of the Diaphragmatic Thickness (Tdi) 
The patient was in a supine position with flexed legs and hands under the head. In intercostal incidence, the probe was 
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placed at the level of the 7th, 8th, or 9th intercostal space, on the anterior axillary line. Inspiratory and expiratory 
diaphragmatic thickness were measured for both hemidiaphragm: diaphragmatic thickness at end inspiration (tdi-insp) 
and end-expiration (tdi-ex) (Figures 1 and 2).

To assess atrophy and contraction of the diaphragm, it is necessary to evaluate the thickness and thickening fraction 
(TF)27 at the end of forced inspiration (tdi-insp) and the end of forced expiration (tdi-exp). That was made for both 

Figure 1 Intercostal cross section showing the diaphragmatic thickness at the end of forced expiration measured using a high-frequency linear probe at the 7th intercostal 
space: Diaphragmatic thickness at the end of forced expiration (Tdi-exp) = 1.5 mm.

Figure 2 Intercostal cross section showing the diaphragmatic thickness at the end of forced inspiration measured using a high-frequency linear probe at the 7th intercostal 
space. Diaphragmatic thickness at the end of forced inspiration (Tdi-insp) = 2.4 mm.
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hemi-diaphragms: Right diaphragmatic thickness at the end of forced inspiration (Right tdi-insp), Left diaphragmatic 
thickness at the end of forced inspiration (Left tdi-insp), Right diaphragmatic thickness at the end of forced expiration 
(Right tdi-exp), and Left diaphragmatic thickness at the end of forced expiration (Left tdi-exp). We used a high- 
frequency probe (7.5 MHZ) in B mode.

The tdi-exp provides information on diaphragm trophicity. Its value could be:29 Greater than 2.5mm (Normal), 
between 2.5 and 1.5mm (Hypotrophy of the diaphragm), and less than 1.5mm (Atrophy of the diaphragm).

The thickening Fraction (TF) was calculated by the formula:

The pathological value of TF was defined as below: if the TF < 36%: diaphragm hypotrophy and if the TF < 20%: 
diaphragm atrophy.27

Statistical Analysis
Statistical analyses were performed using IBM SPSS statistics 25 (Armonk, NY: IBM Corp). Descriptive statistics were 
indicated as ‘means and standard deviations for variables with normal distribution, ‘median, minimum-maximum for 
non-normal distributed variables, and “frequency and percentage [n (%)]” for categorical variables.

The independent-sample t-test was used to compare two groups with continuous normally distributed variables. 
Nonparametric tests were used for variables that did not have a normal distribution. The significance level was set as 
p < 0.05. Pearson’s correlation coefficient (r) was used to determine associations and correlations between US findings, 
PFT findings, and the continuous variables. The correlation strength scale was set as follow: r: +0.6 to 1.0: strong 
positive; r: +0.3 to 0.6: moderate positive; r: 0.0 to +0.3: weak positive; r: 0 to −0.3: weak negative; r: −0.3 to −0.6: 
moderate negative; and r:-0.6 to −1.0: strong negative.

Results
Patients’ Clinical Characteristics (Table 1)
Fifty patients were enrolled (41 men, and 9 women). Their mean age was 42.7 ± 11 years [range: 25–66] with a median of 42 
years. Fifty-four percent of the patients were smokers (19 packs/year on average). The mean disease duration was 10 ± 8.4 years 

Table 1 Baseline Clinical and Demographic Characteristics of 
Spondyloarthritis Patients

Parameters Means ± Standard Deviation

Clinical data
Age (years) 42.7±11 [25–66]

Age at diagnosis (years) 36.0±9.8 [20–59]
Disease duration (years) 10.0±8.4 [1–33]

CE (mm) 3.9±1.81[1–9]

BASMI 2.7±1.97 [0–7]
BASDAI 2.8±1.61 [0–6.5]

ASDAS 2.4 ± 1.01 [0.1–4.9]

BASFI 3.0± 2.31[2.1–5.2]
Spirometry data

FEV1 (liters) 3.19±0.68 [0.99–4.72]

FVC (liters) 3.64±0.76 [1.18–5.04]
FVC (%) 85.62±14.28 [47–112]

FVC supine position (liters) 3.47±0.75 [1.05–4.89]

Significant decrease of FVC (%) 6.0±4.13 [0–16]

(Continued)
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[range: 1–33] with a median of 8 years. The mean BASDAI and ASDAS scores were 2.8 ± 1.61 [range: 0–6.5] and 2.4 ± 1.01 
[range: 0.1–4.9], respectively. Twelve percent of patients had very active disease, 50% had active disease, 24% a moderate 
activity, and 12% had inactive disease. Eighty percent of the patients were on non-steroidal anti-inflammatory drugs. 
Thirty percent of them were on biological drugs. Table 1 shows the main characteristics of our patients. Respiratory symptoms 
such as shortness of breath after exercise were reported by 20% of patients. Three patients reported a chronic dry cough. 
Pulmonary auscultation was normal in all patients. The chest X-ray showed chest enlargement in 12% of cases and an elevated 
diaphragmatic hemi-cupola in 4% of cases.

The mean CE value was 3.9±1.81 cm [range: 1–9] with a median of 4 cm. A pathological value (<5 cm) was observed 
in 72% of cases, of which 24% had a significant decrease of CE (<3 cm).

The spirometry showed a restrictive disorder in 32% of cases. The restriction was mild in 75%, moderate in 12.5%, 
and severe in 12.5% of cases. In the supine position, the decrease in FVC was significant in 32% of cases. No obstructive 
or mixed disorders were noticed.

Pulmonary US showed B lines (more than three) in five patients aged between 26 and 56 years. Only two of them had 
low FVC (Table 1).

The diaphragmatic US showed an elevated hemi-cupola in four patients (Table 1). Only one patient had a low RDE. 
Tdi-exp was reduced in 54% of cases on the right side and 48% of cases on the left side. The TF was reduced in 56% of 
cases on the right side and 60% of cases on the left side (Table 1).

Correlation Between US and PFT Findings (Table 2)
A significant positive moderate correlation was found between the right tdi-insp and the FVC (r = 0.36; p = 0.02) and the 
FVC in the supine position (r = 0.29; p = 0.04). A significant positive moderate correlation was found between the left 
tdi-insp and the percentage of decrease in FVC in supine (Δ FVC) (r = 0.35; p = 0.01). A significant positive moderate 
correlation was found between the right tdi-exp and the FVC (r = 0.32; p = 0.02). There was no correlation between the 
DE nor the TF measures and the spirometry findings.

Correlation Between the CE and the US and the PFT Findings (Table 3)
A significant positive moderate correlation was found between the CE and the presence of B lines (r = 0.32; p = 0.02). 
There was no significant correlation between CE, FVC and Δ FVC (Table 3).

Table 1 (Continued). 

Parameters Means ± Standard Deviation

Ultrasonography data
B Lines 3±1 [0–3]
RDE (mm) 65.28±11.56 [4.3–10]

LDE (mm) 65.68±4.70 [5–9.1]

Right tdi-insp (mm) 3.29±0.56 [2.1–4.7]
Left tdi-insp (mm) 3.22±0.56 [2.2–4.7]

Right tdi-exp (mm) 2.45±0.48 [1.4–3.6]

Left tdi-exp (mm) 2.49±0.54 [1.5–4.7]
Right TF (%) 36.47±26.89 [0–142]

Left TF (%) 34.66±22.34 [3–86]

Notes: Data were means ± standard deviation [min-max]; Number (percentages). 
Abbreviations: AS, Ankylosing Spondylitis; CE, chest expansion; BASMI, Bath Ankylosing 
Spondylitis Metrology Index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; 
BASRI, Bath Ankylosing Spondylitis Radiology Index;ASDAS:Ankylosing Spondylitis Disease 
Activity Score;BASFI, Bath Ankylosing Spondylitis Functional Index; FEV1, Forced Expiratory 
Volume in one second; FVC, Forced Vital Capacity; LDE, left diaphragmatic excursion; RDE, 
Right diaphragmatic excursion; TF, Thickening fraction; Tdi-insp, Diaphragmatic thickness at 
end inspiration; Tdi-exp, Diaphragmatic thickness at end-expiration.
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Discussion
The present study showed a significant positive moderate correlation between the right tdi-insp, tdi-exp, and FVC. This 
correlation was confirmed in the supine position for the right tdi-insp. Furthermore, a significant positive moderate 
correlation was found between the left tdi-insp and the percentage of decrease in FVC (Δ FVC). There was a tendency 
for the correlation significance between the presence of B lines and FVC. A significant positive moderate correlation was 
found between the CE and the presence of B lines. No significant correlation was found between diaphragm TF and 
spirometry findings.

To the best of the author’s knowledge, this is the first study assessing the contribution of diaphragmatic US in the 
screening of restrictive respiratory disorder in radiographic SpA patients. Only one previous study used the US to 
evaluate diaphragmatic excursion in radiographic SpA patients [9]. However, this is the first study to examine 
diaphragmatic thickening in radiographic SpA patients and compare US findings to spirometric ones.

Table 2 Pearson Correlation Analysis Between US and PFT Findings

US Measurements FVC FVC in Supine Position Δ FVC

r p r p r p

RDE (mm) −0.03 0.82 −0.09 0.52 0.04 0.77

LDE (mm) 0.14 0.3 0.07 0.59 0.04 0.76
Right tdi-insp (mm) 0.36a 0.02* 0.29b 0.04* 0.01 0.90

Left tdi-insp (mm) −0.12 0.4 −0.23 0.1 0.35a 0.01*
Right tdi-exp (mm) 0.32a 0.02* 0.23 0.1 0.11 0.44
Left tdi-exp (mm) 0.04 0.76 −0.03 0.79 0.25 0.08

Right TF (%) 0.1 0.47 0.12 0.37 −0.08 0.57

Left TF (%) −0.07 0.62 −0.08 0.54 0.04 0.75

Notes: Δ FVC: [(FVC- FVC supine)/FVC] *100. Pearson correlation (r): a: positive moderate correlation, b: positive weak correlation;* 
p <0.05 (student test). 
Abbreviations: FVC, Forced vital capacity; FEV1, Forced Expiratory Volume in one second; LDE, Left diaphragmatic excursion; RDE, 
Right diaphragmatic excursion; TF, Thickening fraction; Tdi-insp, Diaphragmatic thickness at end inspiration; Tdi-exp, Diaphragmatic 
thickness at end expiration; US, ultrasonography.

Table 3 Pearson Correlation Analysis Between Chest 
Expansion, Ultrasound and Spirometry Data

Parameters Chest Expansion

r p-values

B Lines 0.32a 0.02*

RDE (mm) 0.016 0.914

LDE (mm) 0.340 0.813
Right tdi-insp (mm) 0.370 0.801

Left tdi-insp (mm) −0.02 0.989

Right tdi-exp (mm) 0.530 0.715
Left tdi-exp (mm) −0.016 0.910

FVC 0.377 0.16

Δ FVC 0.015 0.912

Notes: Δ FVC: [(FVC- FVC supine)/FVC] *100. Pearson correlation (r): 
a: positive moderate correlation, b: positive weak correlation; * p <0.05 
(student test). 
Abbreviations: FVC, Forced Vital Capacity; LDE, left diaphragmatic 
excursion; RDE, Right diaphragmatic excursion; Tdi-insp, Diaphragmatic 
thickness at end inspiration; Tdi-exp, Diaphragmatic thickness at end- 
expiration.
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In this study, a restrictive pulmonary disorder was found in 32% of cases, with mild restrictions in 75% of cases. No 
obstructive or mixed disorders were noted. Our results were similar to those of previous studies.1,30,31 Restrictive respiratory 
involvement is often asymptomatic in radiographic SpA patients.32 It is mainly related to the rigidity of the thoracic wall.3 

During inspiration, the diaphragmatic cupola lowers, resulting in a shortening and thickening of the diaphragm.33 However, in 
radiographic SpA patients, chest wall compliance decreases, and the normal configuration of the chest wall becomes 
distorted.34 The chest wall rigidity is the consequence of the costovertebral, manubriosternal, and sternoclavicular joint 
ankylosis. That could be exacerbated later by an exaggeration of the dorsal kyphosis.1,4 Therefore, the expansion of the rib 
cage gradually decreases and the chest remains in an inspiratory position, leading to an atrophy of the intercostal muscles and, 
specifically, the diaphragm.5,34 The implication of these pathways lead to a myogenic remodeling of the diaphragm, which 
consists in a hypotrophy of fibers. This hypotrophy can evolve to an atrophy without any neurogenic involvement.34 Unlu et al 
evaluated the diaphragmatic motion in 33 radiographic SpA patients compared to 14 healthy controls.9 The diaphragmatic 
motion was lower in radiographic SpA patients (68.9 ±17mm versus 77.8 ±22.4mm), without a significant difference (p=0.14). 
In the present study, the DE was lower (65.28±11.56 for the RDE and 65.68±4.7 for the LDE), without a significant correlation 
to the spirometry findings. This difference between the two studies could be explained by the fact that our radiographic SpA 
patients had more active disease (50% versus 27%). It is even paramount to be vigilant in interpreting these results, given the 
small sample size of the two studies.

A pathological value of CE was observed in 72% of our study patients, 24% of whom had a significant decrease in 
CE (<3 cm). In a study by Yurdakul et al, assessing the sagittal spine mobility and chest expansion in 50 radiographic 
SpA patients and 50 controls, the CE was decreased in radiographic SpA patients, but the difference was not significant 
compared to controls.11

The US was proven as a good tool for the diagnosis and monitoring of pulmonary disorders.35,36 However, no studies 
have reported the usefulness of the US in the diagnosis and follow-up of interstitial lung disease in radiographic SpA 
patients. Indeed, it is a rare involvement in this pathology. In our study, B lines were found in 5 patients and were not 
correlated to the presence of pulmonary restrictive disorder. Nevertheless, there was a tendency to the correlation 
significance between the presence of B lines and the FVC (p = 0.06). In our study, a significant correlation between 
the CE and the US findings (B line) was observed (p = 0.02), but not with FVC. These results should be taken with 
caution due to the small sample size of the study. Given the lack of data in the literature, broader-spectrum studies are 
needed to confirm or refute our results.

US is currently an indispensable tool in assessing diaphragmatic dysfunction.37,38 US measurement of diaphragmatic 
thickness was validated by comparing cadaveric US diaphragmatic thickness with the same segment of resected 
diaphragm measured with a ruler.33 In the same study, diaphragmatic thickening was calculated in healthy volunteers 
and found to be correlated with tidal volume.

Half of our patients had a decreased inspiratory or expiratory diaphragmatic thickness indicating diaphragmatic 
dysfunction. A significant positive correlation was found between right diaphragmatic thickness and FVC (Table 2). Our 
results suggest that right hemidiaphragm dysfunction could be a predictive factor for decreased FVC, and thus possible 
restrictive ventilatory disorder. This could be explained by the hypothesis that the right hemidiaphragm is limited by the 
liver;10,39 thus, if a right diaphragmatic dysfunction is detected on the US, then the restrictive ventilatory disorder is 
significant enough to be detected by spirometry.

No previous studies have examined diaphragmatic thickness in radiographic SpA subjects and its association with 
restrictive disorder evaluated by PFT. However, diaphragmatic thickness and TF were studied in other pathologies.40,41 

Abd El Aziz AA et al evaluated diaphragmatic thickness in 40 patients with chronic obstructive pulmonary disease, it 
was decreased with a significant positive correlation with FVC and FEV1.40 Likewise, Hiwatani et al41 evaluated 
diaphragmatic thickening in 36 patients with amyotrophic lateral sclerosis, and there was a correlation between end- 
inspiratory and end-expiratory forced diaphragmatic thickening and spirometry data if FVC < 80%. These studies, like 
ours, confirm that the US can be helpful in the screening of restrictive pulmonary disorders and can be used in AS 
patients.

To the best of the authors’ knowledge, the strong point of the present study was the first Tunisian monocenter study 
conducted to assess the diaphragm involvement in ventilatory mechanics impairment in radiographic SpA patients and its 
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correlation with the disease’s activity. However, our study has some limitations which should be considered. First, the 
sample size was small because COVID-19 pandemic prevented us from completing the respiratory function tests to 
deduce the sensitivity, specificity, and positive and negative predictive values of US compared to spirometry, allowing 
generalization of our results. Second, the identification of restrictive impairment was limited to spirometry, suggesting 
a restrictive respiratory disorder on the harmonious decrease of the FVC and FEV1 without being highly sensitive or 
specific. Third, the present monocenter study was a limit to generalize our findings, because few physicians master the 
diaphragmatic US in Tunisia. Finally, future study should exclude smoking patients because it smoking affects negatively 
respiratory function, independently of the etiology.30 Our study included 54% smokers. Thus, it is considered as 
a confounding factor.

Conclusion
Our study demonstrates that diaphragm ultrasonography is an inexpensive and easily accessible tool to screen for 
restrictive lung disease in radiographic SpA patients. The present study showed that diaphragmatic dysfunction is 
correlated with FVC abnormalities. To date, the use of US in radiographic SpA patients is not codified. Further studies 
with larger sample sizes are required to assess the reliability, specificity, and sensitivity of diaphragm US to screen 
respiratory restriction.
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