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Abstract

Background: Systemic sclerosis is a connective tissue disease that affects multiple systems and causes fibrosis of
the skin and internal organs. There are two ways in which the lungs can be involved in patients with systemic
sclerosis, either isolated pulmonary hypertension or interstitial lung fibrosis. The purpose of this study is to correlate
the high resolution CT findings with pulmonary function tests in patients with systemic sclerosis to evaluate the
severity of lung changes.

Results: Significant inverse correlations were found between the maximal extent radiological score, maximal
severity radiological score as well as total (global) radiological score on one hand and the pulmonary function tests
on the other hand

Conclusion: The combination of high resolution CT and pulmonary function tests are recommended for better
assessment of the extent and severity of systemic sclerosis associated interstitial lung disease.

Keywords: Systemic sclerosis, High-resolution CT, Pulmonary function tests, Interstitial lung disease, Pulmonary
hypertension

Background
Systemic sclerosis (SSc) is a connective tissue disease
that affects multiple systems and causes fibrosis of the
skin and internal organs. Its etiology till now is un-
known. This disease causes widespread damage to small
and large blood vessels [1].
There are two ways in which the lungs can be involved

in patients with systemic sclerosis, either isolated pul-
monary hypertension or interstitial lung fibrosis. Lung
affection is common and is probably the main cause of
mortality in scleroderma patients [1].
Interstitial lung disease in systemic sclerosis (SSc) pa-

tients is common in both forms of the disease (diffuse

cutaneous and limited cutaneous). The disease is diag-
nosed at an advanced stage most of the time and this is
probably due to the insidious onset of the disease ac-
companied by subtle clinical symptoms; at that point,
the lung has become extensively fibrosed [2].
High-resolution computed tomography (HRCT) plays

a major part in diagnosing interstitial lung disease in SSc
patients. Its benefit lies more in assessing the extent of
the disease [3].
Generally non-specific interstitial pneumonia (NSIP) is

the commonest pattern detected in systemic sclerosis
patients with more ground glass opacities than coarse
reticulation detected. Usual interstitial pneumonia (UIP)
can also be present [4, 5].
In clinical practice, pulmonary function tests (PFTs)

are vital for assessing interstitial lung disease in
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scleroderma patients. Forced vital capacity is considered
a core outcome measure. However, they are not without
limitations [2].
Patients with abnormal pulmonary function tests (spir-

ometry) results may show normal high-resolution com-
puted tomography findings [5].
Over the span of the past two decades, various systems

for examining and quantifying interstitial lung disease in
systemic sclerosis have been developed. Scoring methods
utilize clinical information to characterize and quantify
the disease, determine the progression of the disease and
its response to therapy. (One of these methods uses
semi-quantitative scoring which is developed in order to
supply a more accurate assessment regarding interstitial
lung disease abnormalities [1, 6].

Aim of the work
The aim of this study is to correlate the HRCT findings
with pulmonary function tests in patients with systemic
sclerosis to evaluate the severity of lung changes.

Methods
Thirty patients diagnosed with progressive systemic
sclerosis were enrolled in this cross-sectional study dur-
ing the period from October 2017 to December 2018.

The diagnosis has been established according to the
2013 American College of Rheumatology (ACR) classifi-
cation criteria for SSC [7] (Table 1).
They were referred to the radiology department to do

HRCT from the rheumatology, chest, internal medicine,
and dermatology departments, as well as, the outpatient
clinic of rheumatology.
Patients were also sent to the pulmonary function

unit–chest department to do pulmonary function tests.

Table 1 The American College of Rheumatology/European League against Rheumatism criteria for the classification of systemic sclerosis

Table 2 Semi-quantitative scoring method: Warrick et al. [6]

Severity score Extent score

Abnormality Grading Bronchopulmonary segments for
each of the abnormality, score by
number of segments involved

Grading

Ground Glass
Opacities

1 1 to 3 segments involved 1

Irregular Pleural
Margins

2 4 to 9 segments involved 2

Septal or
Subpleural Lines

3 >9 segments involved 3

Honeycombing 4 N.B. extent of disease
measured for each of
the abnormalities.Subpleural Cyst 5

Maximal
severity score

15 Maximal extent score 15
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Inclusion criteria

� Patients diagnosed with SSc older than 18 years
regardless the gender presenting with chest
symptoms and/or previous radiological findings
suggestive of interstitial lung affection.

Exclusion criteria

� Smokers.
� Patients with mixed connective tissue diseases

(MCTD).
� Patients unable to hold full inspiration during the

exam.

Clinical assessment

� Full history taking
� General and chest clinical examination
� Routine laboratory investigations and sputum

analysis when needed.

HRCT
The scans were performed using a Somatom, Emotion
Siemens, 16-MDCT scanner.

Patients were scanned in supine position during full
inspiration. No intravenous contrast administered.
The scout was taken in supine position, 130 kV, 25

mA during holding breath in full inspiration.
Scans were obtained during full inspiration in supine

position using the following parameters; 130 kV, 78
mAs, 5 mm beam collimation, 1.25 pitch, 0 gantry tilt
and the FOV depending on patient’s size. Total exposure

Table 3 Different symptoms and signs in systemic sclerosis
cases in the study

Description Number (%) total = 30

Primary chest complaint

Dyspnea 29 (96.7)

Secondary Symptoms and Signs

Skin Tightness 29 (96.7)

Dysphagia 28 (93.4)

Dry Cough 17 (56.7)

Raynaud’s Phenomenon 17 (56.7)

Chest Pain 13 (43.4)

Weight Loss 13 (43.4)

Wheezes 9 (30)

Heart Burn 3 (10)

Fig. 1 A 43-year-old female patient presenting with progressive dyspnea. a–c Axial, coronal, and sagittal reformatted images of HRCT chest (lung
window) showing interstitial lung disease in the form of bilateral fairly symmetrical predominantly subpleural ground glass opacification,
thickening of interlobular and intralobular septae with traction bronchiectasis and bronchiolectasis and bilateral lower lobar reduced volume.
Patulous esophagus is also noted on axial and coronal HRCT scans. d Axial mediastinal window showing prominent main pulmonary artery
(about 3 cm) and enlarged prevascular lymph nodes
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Fig. 2 A 43-year-old female patient presenting with progressive dyspnea. a–c Axial, coronal and sagittal reformatted images of HRCT chest (lung window)
showing bilateral fairly symmetrical predominantly basal and subpleural ground glass opacification, thickening of interlobular, and intralobular septae with
traction bronchiectasis and bronchiolectasis mounting to honeycombing. d Axial mediastinal window showing prominent main pulmonary artery and
patulous esophagus showing air fluid level; findings impressive of interstitial lung disease (ILD) in the form of usual interstitial pneumonia (UIP)

Fig. 3 A 46-year-old female patient diagnosed with systemic sclerosis presenting with progressive dyspnea. a–c Axial, coronal and sagittal reformatted
images of HRCT chest (lung window) showing bilateral fairly symmetrical predominantly subpleural with relative sparing of direct subpleural region
ground glass opacification, thickening of interlobular and intralobular septae, traction bronchiectasis and bronchiolectasis, and bilateral lower lobar
reduced volume. d Axial mediastinal window showing dilated main pulmonary artery denoting pulmonary hypertension and patulous esophagus
showing air fluid level; findings impressive of interstitial lung disease (ILD) in the form of non-specific interstitial pneumonia (NSIP)
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time was 8–10 s. The scans covered the whole thorax
from root of the neck to below diaphragm.
Following acquisition, the acquired images were trans-

ferred to dedicated post-processing workstation and
volumetric measurements were obtained by applying the
multiplanar reformation function at slice thickness of 5
mm.
Complementary mediastinal images were taken.

Scoring parameters
The scans were examined by 3 radiologists of 20, 10,
and 3 years of experience. The reported parenchymal
findings were documented and coded. Each patient was
given a maximal extent, maximal severity and global
scores guided by Warrick’s semi-quantitative scoring
method used by Warrick et al. [6], Orlandi l et al. [8],
Afeltra et al. [9], Camiciottoli et al. [10], Yiannopoulos

et al .[11], Bellia et al. [12], Savarino et al. [13], and
Daoussis D et al. [14] (Table 2).
Warrick’s semi-quantitative scoring method depends

on 5 HRCT abnormalities; ground-glass opacities, ir-
regular pleural margin, septal or subpleural lines, honey-
combing, and subpleural cyst.
Concerning the severity, it depends on the mere pres-

ence of abnormalities regardless of how many broncho-
pulmonary segments. Each finding was assigned a grade
then they were added to get a maximal severity score.
The highest score that can be assigned to one case is 15
if all abnormalities are present.
While the extent score is calculated according to the

total number of bronchopulmonary segments involved
by each abnormality. The maximal extent score is calcu-
lated by adding the grade for each abnormality with
maximal score of 15 if every abnormality is present in
more than 9 bronchopulmonary segments.

Fig. 4 A 22-year-old female patient diagnosed with systemic sclerosis presenting with progressive dyspnea. a–c Axial, coronal and sagittal
reformatted images of HRCT chest (lung window) showing bilateral fairly symmetrical predominantly lower lobar and subpleural ground glass
opacities and subpleural reticulations with reduced volume of both lower lung lobes. Bilateral predominantly lower lobar variable sized cysts are
noted; findings impressive of interstitial lung disease (ILD) in the form of lymphocytic interstitial pneumonia (LIP)

Fig. 5 Chart demonstrating the percentage of the semi-quantitative scoring system related fibrotic abnormalities among the systemic sclerosis
cases in the study
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Both scores combined to obtain the global score.
The global score = maximal severity score + maximal

extent score. The maximum score for any case is 30.

Pulmonary function tests
All patients performed PFTs using Master Screen PFT
pro Care fusion Germany 234 GmbH in the pulmonary
function unit–Chest Department.
Each patient performed a standard forced vital cap-

acity maneuver (FVC), inspiring fully to total lung cap-
acity (TLC), then exhaling as rapidly and forcibly as
possible to residual volume (RV) and to complete the
loop. Then, he/she inspires as rapidly as possible from
the maximal expiratory level back to maximal
inspiration.
Volume is plotted on the horizontal X axis, and flow is

plotted on the vertical Y axis [15].

Statistical methods and data analysis
Data was entered on the computer using “Microsoft Of-
fice Excel Software” program (2010) for windows.
Data was then transferred to the Statistical Package of

Social Science Software program, version 23 (IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp.) to be statistically analyzed.
Data presented using range, mean, standard deviation,

median and interquartile range for quantitative variables
and frequency and percentage for qualitative ones.
Pearson correlation coefficients calculated to assess

the association between extent, severity and global
scores with different pulmonary functions. P values less
than 0.05 were considered statistically significant. Fig-
ures were used to illustrate some information.

Results
Thirty patients diagnosed with systemic sclerosis were
included in our study; 28 females and 2 males. Their age
range from 22 to 60 years old with mean age of 41.4 ±
11 SD.
All patients had clinical symptoms suggestive of inter-

stitial lung disease. Dyspnea was the primary chest com-
plaint seen in 96.7% of cases (Table 3).

HRCT findings
Warrick’s semi-quantitative scoring method depends on
5 HRCT abnormalities; ground-glass opacities, irregular
pleural margin, septal or subpleural lines, honeycombing
and subpleural cysts (Figs. 1, 2, 3, and 4).
Global score guided by Warrick scoring system: 28
Global score guided by Warrick scoring system: 27
Global score guided by Warrick scoring system: 26
Global score guided by Warrick scoring system: 25
HRCT fibrotic parenchymal abnormalities considered

in the semi-quantitative method of Warrick’s scoring
system are demonstrated in chart (Fig. 5). Ground-glass
opacification was the most common findings seen in
93.3% of the cases followed by septal/subpleural lines
seen in 60% of cases.
After analyzing the HRCT images guided by the semi-

quantitative method of Warrick’s scoring system, maximal
extent, maximal severity, and maximal global scores of fi-
brosis were calculated for each patient (Tables 4 and 5).
Results of the extent and severity of ILD showed that

ground glass opacification is the most common finding
in our patients with 56% of patients showing more than
9 bronchopulmonary segments involvement ( score 3),
followed by septal-subpleural lines with 30% of patients
showing (score 3).
The total Warrick score of the patients involved in our

study was 11.5 ± 8.1 [mean ± standard deviation (SD)].
SD standard deviation, IQR interquartile range (range

between 25th and 75th percentiles)

Table 4 Description of extent and severity score findings

HRCT findings Description Number (%) total = 30

Mere presence 1–3 segments
(score 1)

4–9 segments
(score 2)

> 9 segments
(score 3)

Ground glass (1) 28 3 (10) 8 (26.7) 17 (56.7)

Irregular Pleural Margins (2) 10 5 (16.7) 3 (10) 2 (6.7)

Septal / Subpleural Lines (3) 19 5 (16.7) 4 (13.3) 9 (30)

Honeycombing (4) 10 3 (10) 3 (10) 4 (13.3)

Subpleural Cyst (5) 9 8 (26.7) 1 (3.3) 0 (0)

Table 5 Description of Score findings (range, mean, and median)

HRCT findings Description (n = 30)

Range Mean ± SD Median (IQR)

Ground glass (1) 0–3 2.3 ± 0.9 3 (2–3)

Irregular Pleural Margins (2) 0 - 3 0.6 ± 0.9 0 (0 - 1)

Septal / Subpleural Lines (3) 0 - 3 1.3 ± 1.3 1 (0 - 3)

Honeycombing (4) 0 - 3 0.7 ± 1.1 0 (0 - 1.3)

Subpleural Cyst (5) 0 - 2 0.3 ± 0.5 0 (0 - 1)

Maximal Extent Score 0 - 13 5.3 ± 3.5 5 (3 - 7)

Maximal Severity Score 0 - 15 6.2 ± 4.9 6 (1 - 9)

Global Score 0 - 28 11.5 ± 8.1 10 (4 - 15)
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Different forms of interstitial lung disease (ILD) were
detected in twenty patients (66.6%). Numbers and per-
centages of different types of ILD are shown in Table 6.
Other findings in the HRCT scans are demonstrated

in chart (Fig. 6).
Dilated pulmonary artery (2.9 cm or more) was noted

in 40% of patients suggesting the possibility of pulmon-
ary arterial hypertension.

Pulmonary function tests (PFTs) findings
All patients underwent pulmonary function testing (spirom-
etry), with emphasis on forced vital capacity (FVC), forced
expiratory volume in 1 s (FEV1) and FEV1%FVC (Table 7).
According to PFT (spirometry) values, the majority of

the patients in the study showed mild restriction (36.7%)
and moderate restriction (36.7%) equally (Fig. 7), while
33.3% of patients showed airway obstruction (mild, mod-
erate or severe (Fig. 8).

Correlations between HRCT scores and PFTs
Maximum extent, severity, and global scores for all pa-
tients were correlated with spirometry results and dem-
onstrated in (Tables 8, 9, and 10) (Figs. 9, 10, and 11).
Significant inverse correlations were found between

the maximal extent radiological score and lung-function
(spirometry) parameters [predicted FVC: r = − 0.540, p =
0.002; predicted forced expiratory volume in 1 s (FEV1): r
= − 0.525, p = 0.003; best forced expiratory volume in 1 s
(FEV1): r = − 0.430, p = 0.018 (Table 8, Fig. 9).

There was no significant correlation between the max-
imal extent score and the rest of the PFT (spirometry)
parameters.
Significant inverse correlations were found between

the maximal severity radiological score and lung-
function (spirometry) parameters [predicted FVC: r = −
0.421, p = 0.020; predicted forced expiratory volume in 1
s (FEV1): r = − 0.398, p = 0.029; best FEV1 % FVC: r =
− 0.366, p = 0.046; percentage B/P of FEV1 % FVC: r =
− 0.373, p = 0.042 (Table 9, Fig. 10).
There was no significant correlation between the max-

imal severity score and the rest of the PFT (spirometry)
parameters.
Significant inverse correlations were found between

the total (global) radiological score and lung-function
(spirometry) parameters [predicted FVC: r = − 0.486, p
= 0.006; predicted forced expiratory volume in 1 s
(FEV1): r = − 0.466, p = 0.009; best of (FEV1 % FVC): r
= – 0.364, p = 0.048; percentage B/P of FEV1%FVC: r =
– 0.368, p=0.045 (Table 10, Fig. 11).
There was no significant correlation between the glo-

bal score and the rest of the PFT (spirometry)
parameters.

Table 6 Different patterns of ILD

Interstitial lung disease (ILD)

Non-specific interstitial
pneumonia (NSIP)

Usual interstitial
pneumonia (UIP)

Lymphoid interstitial
pneumonia (LIP)

13 (65%) 5 (25%) 2 (10%)

Table 7 Description of PFTs (spirometry)

Description (n = 30)

Range Median (IQR)

Pred (FVC) 2.2–5 3.2 (2.8–3.4)

% (B/P) (FVC) 28.8–101.8 63.7 (51–77.6)

Pred (FEV1) 1.8–4.2 2.8 (2.4–3)

Best (FEV1) 0.6–3.7 1.7 (1.3–2)

% (B/P) (FEV1) 30.1–94 65.4 (48.5–75.6)

Pred (FEV1 % FVC) 78.1–88.3 85.9 (84.7–87.2)

Best (FEV1 % FVC) 37.1–100 83.8 (79.6–91.3)

% (B/P) (FEV1 % FVC) 43–128 97.5 (93–105)

IQR interquartile range (range between 25th and 75th percentiles)

Fig. 6 Chart showing other finding in HRCT scans
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Discussion
Systemic sclerosis (SSc) is a connective tissue disease af-
fecting multiple organs within the human body, espe-
cially the lungs. It is defined by dysfunction of the
endothelium of blood vessels leading to vasculopathy of
small vessels and a disturbance in the fibroblastic func-
tion ending in exaggerated collagen formation and fibro-
sis of the skin and internal organs [16].
The commonest causes of morbidity and mortality in

patients suffering from SSc are interstitial lung disease
(ILD) and pulmonary hypertension [4, 17]. ILD is a fre-
quent pulmonary manifestation of SSc [18]. Roughly
forty percent of patients suffering from SSc have some
degree of ILD [19].
This study involved reviewing the HRCT scans of 30

patients which were referred to radiology department

kasr Al-Aini due to their chronic chest complaint. All
patients were known cases of SSc presenting with dys-
pnea and cough.
This study involved 30 patients; 28 females and 2 males

which were in agreement with the study done by Bellia
et al. [12] that involved 31 patients; 30 females and 1 male.
Twenty patients in our study (66.6%) manifest some

form of ILD which is consistent with Tardella et al. [20].
Different forms of ILD were detected in the form of ei-
ther NSIP in 13 (65%) of the patients, UIP 5 (25%) of pa-
tients, and 2 patients (10%) had ILD in the form of
lymphocytic interstitial pneumonitis (LIP) which were
very close to the results produced by Wells [21], stating
that NSIP was found in 78%, UIP was found in 8% of
the patients and also in agreement with the study done
by Zompatori et al. [22] where 14 out 16 cases with ILD

Fig. 7 Percentage of restriction in systemic sclerosis patients in the study according to spirometry values

Fig. 8 Percentage of airway obstruction in systemic sclerosis patients in the study according to spirometry values
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Table 8 Correlation of maximal extent score with pulmonary function (spirometry)

Maximal extent score

r P value

Pred (FVC) − 0.540 0.002

Best (FVC) -0.314 0.091

% (B/P) (FVC) 0.049 0.799

Pred (FEV1) -0.525 0.003

Best (FEV1) -0.430 0.018

% (B/P) (FEV1) -0.168 0.375

Pred (FEV1 % FVC) -0.120 0.529

Best (FEV1 % FVC) -0.332 0.073

% (B/P) (FEV1 % FVC) -0.331 0.074

r Pearson correlation coefficient

Table 9 Correlation of maximal severity score with pulmonary functions (spirometry)

Maximal severity score

r P value

Pred (FVC) − 0.421 0.020

Best (FVC) -0.154 0.417

% (B/P) (FVC) 0.168 0.375

Pred (FEV1) -0.398 0.029

Best (FEV1) -0.287 0.125

% (B/P) (FEV1) -0.059 0.758

Pred (FEV1 % FVC) 0.002 0.993

Best (FEV1 % FVC) -0.366 0.046

% (B/P) (FEV1 % FVC) -0.373 0.042

r Pearson correlation coefficient

Table 10 Correlation of global score with pulmonary functions (spirometry)

Global score

r P value

Pred (FVC) − 0.486 0.006

Best (FVC) -0.227 0.227

% (B/P) (FVC) 0.123 0.518

Pred (FEV1) -0.466 0.009

Best (FEV1) -0.357 0.052

% (B/P) (FEV1) -0.107 0.572

Pred (FEV1 % FVC) -0.050 0.793

Best (FEV1 % FVC) -0.364 0.048

% (B/P) (FEV1 % FVC) -0.368 0.045

r Pearson correlation coefficient
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exhibited an NSIP pattern, while only 2 showed a UIP
pattern; therefore, establishing NSIP as the commonest
ILD pattern in SSc.
The most common abnormalities indicative of fibrosis

reported on HRCT in this study were ground glass opa-
cification (93.3%) followed by septal/subpleural lines
(60%), honeycombing (33.3%), irregular pleural margins
(33.3%), and subpleural cysts (30%). These results are
close to the study done by Hafez et al. [23] which
showed ground glass opacification in (83.3%) followed
by septal/subpleural lines in (56.7%), honeycombing in
(43.3%) bronchiolectasis in (23.3%) of the patients. Our
results were also in agreement with the study done by
Shah et al. [24] which shows ground glass as the leading
abnormality in SSc present in 66% of their patients.
while a study done by De Oliveira Jezler et al. [25]
yielded different results showing bronchiolectasis as the
most common HRCT abnormality found in (83.3%) of
patients followed by honeycombing (80%), ground-glass
opacity (66.7%), and septal/subpleural lines (20%).
Bronchiolectasis was found in 11 (36.6%) of the pa-

tients in our study which was not in agreement with the

study done by Pontana et al. [26], as their study showed
bronchiolectasis in 27 (49%) of their patients. This could
be due to the fact that their study involved more patients
(55) than ours.
This study showed traction bronchiectasis in 6 (20%)

of the patients which was consistent with studies by
Tillie-Leblond et al. [27] and by Burt et al. [28] being
seen in 7 (22%) out of 32 patients and in 7 (10%) out of
90 patients, respectively. Although according to Fergu-
son et al. [29], traction bronchiectasis is considered to
be one of the predominant abnormalities found on
HRCT scans.
This study showed that 12 (40%) of the patients exhib-

ited a pulmonary artery diameter more than 2.9 cm on
HRCT suggestive of pulmonary arterial hypertension
which was in agreement with Capobianco et al. [30] who
stated that 10 (33%) of SSc patients had a dilated pul-
monary artery. However, our study was not consistent
with another study done by Zompatori et al. [22] which

Fig. 9 a Correlation between maximal extent score and predicted
(FVC). b Predicted (FEV1). c Best (FEV1%FVC)

Fig. 10 a Correlation between maximal severity score and
predicted (FVC). b Predicted (FEV1). c Best (FEV1%FVC)
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showed that 41 (95%) of the studied patients exhibited a
pulmonary artery diameter > 2.9 cm. This dilatation
could be considered primary as a result of pulmonary
vascular abnormalities unrelated to SSc or it could be a
secondary cause due to SSc-ILD.
Mediastinal lymph nodes were found in 23 (76.7%) pa-

tients which was not consistent with the study done by
Tumsatan et al. [31] that showed mediastinal lymph-
adenopathy in 56.7% of the patients and this could be
due to the discrepancy in the number of patients.
This study showed 2 (6.6%) patients with pleural effu-

sion which agreed with the study done by Tillie-Leblond
et al. [27] which showed that 3 (9.3%) of patients showed
pleural effusion. Also, 7 (23.3%) of our patients showed
pericardial effusion and this was close to the study done
by Meune et al. [32] which showed pericardial effusion
in 16 (30%) of their patients.

Esophageal dilatation is commonly detected in individ-
uals with SSc on HRCT scans. It was stated by Leipsic
et al. [33] that a patulous esophagus is often observed in
58 to 80% of individuals suffering from SSc and that this
finding suggests a diagnosis of SSc. This was consistent
with our study which revealed dilated esophagus in
76.7% of patients.
This study was done to determine the importance of

HRCT in diagnosing and defining the type and degree of
anatomical destruction brought on by systemic sclerosis.
To determine the degree of lung fibrosis caused by SSc,
the Warrick semi-quantitative scoring system was
utilized.
A significant inverse correlation of moderate strength

between the Warrick score and predicted FEV1 (r = −
0.466, p = 0.009) was shown being consistent with the
study done by Bellia et al. [12] which showed (r = −
0.36, p = 0.05) and Ooi et al. [34] which showed (r = −
0.43, p = 0.008), also with the study done by Zompatori
et al. [22] which showed p = 0.01.
This study showed also a significant inverse correl-

ation of moderate strength between the Warrick score
and FVC (r = − 0.486, p = 0.006) which was similar to
the study done by Ooi et al. [34] which yielded results in
the form of (r = − 0.43, p = 0.008). Our results were also
similar to the study done by Yilmaz et al. [17] which
showed significant correlations between the Warrick
score and FVC.
This study also showed a significant inverse correl-

ation between the Warrick score and FEV1%FVC (r = −
0.36, p = 0.048); however, there are no available studies
to corroborate these findings.
In this study, there was no significant correlation be-

tween the Warrick score (global score) and FVC%; how-
ever, a study done by Cakmak et al. [1] yielded different
results, as they managed to establish a negative correl-
ation between the Warrick score and FVC% (r = − 0.28,
p = 0.026). This could be due to the smaller number of
patients in our study in comparison to theirs.
We were not able to correlate the rest of the pulmon-

ary function components with the Warrick HRCT scor-
ing system which includes TLC and DLCO in addition
to the spirometry values present in our study due to lim-
ited availability regarding these particular tests at our
institute.

Conclusion
This study showed a significant inverse correlation be-
tween the HRCT Warrick scoring system and spiromet-
ric indices (FVC, FEV1, and FEV1%FVC).
The combination of HRCT and PFTs (spirometry)

testing are recommended for better assessment of the
extent and severity of SSc-ILD.

Fig. 11 a Correlation between global score and predicted (FVC). b
Predicted (FEV1). c Best (FEV1%FVC)
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