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Abstract
Background: Ultrasonography can detect different changes in anterior chest wall (ACW) joints in patients with rheu‑
matoid arthritis (RA) even before being clinically manifested. Airways, pleura, lung parenchyma, and vascular compart‑
ment all may be attacked by RA. This study was aiming at detecting the relation between ultrasonographic changes
of asymptomatic ACW joints and pulmonary function tests (PFTs) in patients with RA.
Results: US detected subclinical changes of ACW joints in (74.2%) of RA patients with significant difference between
total US changes in RA (74.2%) and control (21.2%) (p < 0.001). MSJ ankylosing and erosions were highly associated
with limited chest expansion in RA group (P <0.001). Restrictive PFTs were associated with SCJ synovitis (p < 0.05), SCJ
PD activity (p < 0.05), SCJ erosions (0.02), and highly associated with MSJ ankylosing and erosions (p < 0.001).
Conclusions: This study demonstrated that ultrasonographic subclinical changes in ACW joints are associated with
restrictive pattern by spirometry and limited chest expansion in RA patients.
Trial registration: ClinicalTrials.gov Identifier: NCT05119491. Registered 15 November 2021—retrospectively
registered.
Keywords: Anterior chest wall joints, Rheumatoid arthritis, Pulmonary function tests, Spirometry
Background
Many studies had identified the extra-articular pulmonary manifestation of RA by ranges from 20 to 67% [1,
2]. Airways ,pleura, lung parenchyma, and vascular compartments all may be affected by this disease [3].
Different types of interstitial lung disease (ILD) occur
in RA patients, and the most commonly observed ILD
are usual interstitial pneumonia, non-specific interstitial pneumonia, and inflammatory airway disease with
organizing pneumonia pattern [4]. It has been estimated that pulmonary complications are responsible for
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10–20% mortality in RA patients which is mostly caused
by ILD [5].
Cross-sectional studies among patients with RA with
interstitial lung problems or chest wall affection reported
a high incidence of abnormal pulmonary function tests
[6].
Different changes in anterior chest wall (ACW)
joints in patients with rheumatoid arthritis (RA) can be
detected by ultrasonography even before being clinically
manifested [7].
Up to the best of our knowledge, there are no previous studies about the relationship between ultrasound
detected subclinical changes in ACW and the pulmonary
functions in RA patients.
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Objectives

To detect the relation between ultrasonographic
changes of asymptomatic ACW joints and spirometry
in patients with RA.
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functional status assessment by health assessment
questionnaire (HAQ) [10].
Chest expansion was measured with a tape measure
placed circumferentially around the chest wall at the
fourth intercostal space [11].

Hypothesis

Arthritis of ACW joints may have a role in some pulmonary functions defects in RA patients.
Patients

The study included 44 subjects (22 RA and 22 controls) that were selected from outpatient clinics and
inpatient wards of chest department and rheumatology
department of Faculty of Medicine, Zagazig University
Hospitals during the period from 1st January 2019 to
30th December 2020. To be eligible for this study, RA
patients had to meet the following criteria: (1) age >20
years; (2) fulfilled the 2010 American College of Rheumatology/European League Against Rheumatism [8].
Patients were excluded if they were smokers or had a
history of interstitial lung disease or current respiratory complaints such as dyspnea, chronic cough, chest
trauma, or chest pain.
The study was approved by the Institutional Review
Board at the Faculty of Medicine, Zagazig University
Hospitals. It has been carried out in accordance with the
code of ethics of the world medical association (Declaration of Helsinki 1964) for studies involving humans.
A written informed consent was obtained from each
participant.

Methods
Aim

To detect the relation between ultrasonographic changes
of asymptomatic ACW joints and some pulmonary function tests (PFTs), i.e., spirometry in patients with RA.
Study design and setting

An observational case control study.
Clinical assessment

Patients and controls were examined in supine position
with elbows placed in contact with the body. The anterior
chest wall joints (CWJ) which include the right and left
sternoclavicular (SCJ) and manubriosternal (MSJ) joints
were evaluated for presence/absence of spontaneous
pain, pain evoked by digital pressure, swelling, and redness of skin.
Rheumatoid disease activity was assessed clinically using disease activity score (DAS28 ESR) [9] and

US assessment

Ultrasonographic B examination (mode and Doppler power mode) of the 3 joints was performed by an
experienced rheumatologist. All patients were examined using B-mode (gray scale) real-time MSUS (F37;
Hitachi-Aloka, Japan) interfaced with a 10–18–MHz
linear array transducer. For each patient and control
subject, US examination included a longitudinal section of the left and right SCJ and the MSJ, followed
by a cross-section in case erosion was detected. During the examination, synovitis (hypo echoic intracapsular incompressible area with or without Doppler
flow), joint effusion (compressible anechoic intracapsular area, absence of Doppler flow), erosion (disruption
of the cortical bone line displayed in 2 perpendicular axes), joint space narrowing (reduction of the joint
space), ankylosis (complete loss of joint space), or Doppler signal (power Doppler signal) were investigated.
PD parameters were as follows: pulse repetition frequency (PRF) was adjusted at the lowest permissible
value to maximize sensitivity. This setting resulted in
PRF from 500 to 750 Hz. Flow was additionally demonstrated in 2 planes and confirmed by pulsed wave Doppler spectrum to exclude artifacts.
Computed tomography (HRCT) was done on the
chest to exclude any interstitial lung disease that may
affect chest expansion and restrictive spirometry
pattern.
Spirometry

Spirometry was done with a Sensormedics Vmax229
system (Sensormedics, Yorba Linda, CA, USA) and
included measurement of the forced expiratory volume
in 1 s ( FEV1), forced vital capacity (FVC), and the ratio of
forced expiratory volume in 1 s to the forced vital capacity (FEV1/FVC).
Statistical analysis

Data are presented as mean, standard deviation, percentages, or number of cases. Continuous data were compared by independent Student’s t tests and categorical
data were compared with Pearson chi square tests. Significance was defined by P values less than 0.05 using a
two-tailed test.
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Table 1 The clinical characteristics of the rheumatoid arthritis
and control groups
RA

Control

Age (years) mean ± SD

45.5 ± 9.8

43.4 ± 7.7 0.7

0.5

9 (40.9)

2.2

0.6

Age of onset (years) (mean
± SD)

25.5 ± 4.6

NA

NA

NA

Duration (years) (mean ± SD)

8.2±2.7

NA

NA

NA

Chest expansion (mean ±
SD)

2 ± 1.6

3 ± 0.6

0.7

0.8

Seropositive RF

15 (68.2%) 0 (0%)

3

0.007*

Anti-ccp2

17(68.2%)

0(0%)

2.2

0.02*

DAS28-ESR (mean ± SD)

4.9 ± 0.7

NA

NA

NA

5 ± 1.09

NA

NA

NA

Biological DMARDs

11 (50)

NA

NA

NA

Conventional DMARDs

5 (22.7)

Sex (male) n (%)

8 (36)

mHAQ (mean ± SD)
Medications n(%

T test P

RA rheumatoid arthritis, SD standard deviation, n number
RF rheumatoid factor, Anti-ccp2 anti-cyclic citrullinated peptide, mHAQ modified
health assessment questionnaire, DAS disease activity score, ESR erythrocyte
sedimentation rate, DMARDs disease modifying agents for rheumatic diseases,
NSAIDs non-steroidal anti-inflammatory drugs, NA not applicable

Table 2 Association between the ultrasonographic changes in
SCJ and MSJ in control group and rheumatoid patients
RA
n(%)

Control
n (%)

(χ2)

P value

SCJ synovitis

15(68.2)

2(9.1)

21

0.000*

SCJ PD activity

9(40.9)

1 (4.5)

13.9

0.001*

SCJ erosion

13(59.1)

1(4.5)

34.2

0.000**

SCJ osteophyte

4 (18.2)

3 (13.6)

0.3

0.6

MSJ ankylosing

8 (36.4)

0(00)

20.5

0.000**

MSJ erosion

4 (18.2)

0(00)

4.4

0.03*

MSJ osteophyte

1 (4.5)

1 (4.5)

0.4

0.5

RA rheumatoid arthritis, n number, SCJ sternoclavicular joint, MSJ manibrusternal
joint, χ2 chi-square test, PD power Doppler signals
*P value < 0.05 is significant
*P value < 0.001 is highly significant

Results
The present study recruited 44 individuals (22 RA
patients and 22 controls) with both groups had comparable age (45.5 ± 9.8 and 43.4 ± 7.7 in RA and control
group respectively) and sex distribution (8 and 9 were
male in RA and control group respectively). Table 1
shows and clinical parameters in both groups.
US detected subclinical changes of ACW joints in 16
(72.7%) of RA patient with significant difference between
total US changes in RA (72.7%) and control (27.3%)
(p < 0.001). MSJ ankylosing and erosions were highly
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associated with limited chest expansion in RA group (P <
0.001) (Tables 2, 3, 4 and 5).
A restrictive ventilatory pattern by spirometry was
found in 14 RA patients (63.6%) with mean of FVC% of
predicted (65.5 ± 5), FEV1% of predicted (70.4 ± 9.1)%,
FEV1/FVC (107.9 ± 3.23) with significant difference (p <
0.05) to control with mean of FVC % of predicted (99.53
± 12.12), F
 EV1 % of predicted (98.3 ± 13.09), F
 EV1/ FVC
(95.1 ± 2.4). This restrictive spirometry pattern was associated with SCJ synovitis (p < 0.05), SCJ PD activity (p <
0.05), SCJ erosions (0.02), and highly associated with MSJ
ankylosing and erosions (p < 0.001).
All RA patients (100%) with MS (ankylosing and erosions) and SCJ PD activity by US had limited chest
expansion and restrictive pattern by spirometry, which
were associated also with limited chest expansion with
mean of (2.3 ± 0.5) with significant difference (p < 0.001)
to non-restrictive spirometry pattern in RA with mean of
(5.2 ± 1.4).
In RA group, ultrasonographic changes and restrictive pattern by spirometry were found to be higher with
smoking, longer disease duration and high DAS28.

Discussion
The use of some pulmonary function tests (PFTs) especially spirometry findings are widely known to provide
objective measures of ventilatory functions in a trial to
detect and quantify pulmonary impairment in many
cardio-pulmonary diseases; moreover, low FVC in the
presence of a normal or elevated F
 EV1/FVC ratio has traditionally been classified as a restrictive pattern [12].
Impairment of some ventilatory functions which is
usually evaluated by PFT as a part of the respiratory
assessment of RA patients can be limited to individuals
suffering from high disease activity, respiratory symptoms, and positive findings in the clinical respiratory
examination [7].
Up to our knowledge, arthritis of ACW joints had not
been well investigated as a cause of impairment of some
PFTs in RA patients.
In the present study, we recruited well defined RA
patients who had no history or current complaints of
chest problems to correlate features of ACW joints as
detected by ultrasonography with some spirometry
parameters.
Also we recruited a comparable group who were apparently healthy for both joints and chest to serve as a control group.
Ultrasonography detected subclinical changes in ACW
joints in 16 (72.7%) of RA patient with significant difference between total US changes in RA than control
(27.3%). Furthermore, these US detected changes were
correlated with clinical and laboratory parameters of
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Table 3 Association of the clinical characteristics with ultrasonographic changes in the ACW joints in rheumatoid arthritis patients
RA with US changes
(16)

RA without US changes
(6)

T test

P

35.2 ± 7.3

37.9 ± 6.7

0.7

0.5

17.5 ± 5.9

5.1 ± 1.6

2.2

0.02*

5.9 ± 0.6

2.9 ± 0.2

3

0.007*

Biological DMARDS

4 (25)

2 (40)

Conventional DMARDS

12 (75)

4 (20)

0.5

0.8

NSAIDS

4 (23.5)

2 (40)

Steroid

12 (5.9)

4 (20)

0.9

0.3

Age of onset (years)
mean ± SD

Duration
mean ± SD

Disease activity
DAS28 ESR
Medications:

RA rheumatoid arthritis, US ultrasonography, SD standard deviation, n number, DAS28 Disease Activity Score-28, DMARDs disease modifying agents for rheumatic
diseases, NSAIDs non-steroidal anti-inflammatory drugs
*P value < 0.05 is significant

Table 4 Association of the ultrasonographic changes with restrictive spirometry parameters in rheumatoid arthritis patients
RA with restrictive spirometry
parameters (14)
n (%)

RA with normal spirometry
parameters (8)
n (%)

Test
( χ2)

P

SCJ synovitis

12 (85.7)

3 (37.5)

4.4

0.03*

SCJ PD activity

9(64.3)

0(00)

4.7

0.03*

SCJ erosion

10(71.4)

3 (37.5)

7.8

0.005*

SCJ osteophyte

1 (7.1)

3 (37.5)

3.1

0.08

MSJ ankylosing

8 (57.1)

0 (00)

22

0.000*

MSJ erosion

1 (7.1)

3 (37.5)

0.4

0.5

MSJ osteophyte

0 (00)

1 (12.5)

1.8

0.2

*P value < 0.05 is significant
*P value < 0.001 is highly significant
This table shows a highly statistically significant difference between the restrictive pulmonary functions in AS patients and MSJ ankylosing and SCJ synovitis, power
Dopppler activities, and erosions

Table 5 Results of spirometry parameters in rheumatoid arthritis patients and control group
RA (n = 22)

Control (n = 22)

P

Restrictive
(n = 14) (63.6%)

Non-restrictive
(n = 8) (36.4%)

Range

Mean ± SD

Range

Mean ± SD

Range

Mean ± SD

FEV1% of predicted

71–73

94.9 ± 25.1

96.1–99.2

1.69–1.83

70.4 ± 9.1

91.4–95.9

FEV1/L

98.3 ± 13.09

FEV1/FVC

106–113

FVC % of predicted

63–68

FVC/L

1.66–1.75

1.75 ± 0.41

1.91–2.31

65.5 ± 5

85.1–88.3

107.9 ± 3.23

1.69 ± 0.37

84.65–92.11
2.29–2.31

2.06 ± 0.55

2.15–2.68

92.27 ± 22.69

98.56–99.96

85.18 ± 7.46

2.21 ± 0.63

94.1–98.3
2.61–2.89

< 0.05

2.45 ± 0.64
95.1 ± 2.4

99.53 ± 12.12

2.72 ± 0.66

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, SD standard deviation

rheumatoid disease activity. Moreover, MSJ ankylosing
and erosions were highly associated with limited chest
expansion in RA group.

This may be in concordance with Rodríguez–Henríquez et al. [7] who found abnormalities by ultrasonography in 43% of examined sternoclavicular joints in 206
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RA patients. Also, they found a correlation between the
presences of US synovitis with a higher Disease Activity
Score in 28 joints (DAS28) was found.
Complementary to this, MSJ ankylosing and erosions
were highly associated with limited chest expansion in
RA group. Taking in account that limited chest expansion
was associated with restrictive PFTs, this may shed light
on possible role of MSJ affection in limited PFTs in RA
patients.
Another essential point, PFTs were found to be restrictive in more than half of recruited RA patients. This again
may be in accordance with many previous studies that
reported restrictive pattern of PFTs to be the most common among RA patients [2–5].
The current study finds a restrictive spirometry pattern
which was associated with SCJ synovitis, SCJ erosions
and highly associated with MSJ ankylosing and erosions.
Up to be the best of our knowledge, this is maybe the
first study to demonstrate such correlation between subclinical changes of ACW joints and restrictive spirometry
pattern in rheumatoid arthritis patients. In turn, this may
raise the need to pay more attention to assess the ACW
joints in the routine assessment of RA activity and more
specific measures to confirm the restrictive ventilatory
defect.
The main limitation of this is the small number of cases
enrolled. We may recommend further large study to validate our pilot results.

Conclusions
To conclude these data, we found a direct correlation
between US detected abnormalities in ACW joints and
the restrictive pattern of spirometry parameters in RA
patients who are asymptomatic as regards both chest
complains and arthritis of ACW joints.
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