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Objectives: Cigarette smoking-induced airway disease commonly results in an overall
increase of non-specific lung markings on chest radiography. This has been described as
‘‘dirty chest’’. As the morphological substrate of this condition is similar to the
anthracosilicosis of coal workers, we hypothesised that it is possible to quantify the
radiological changes using the International Labour Organization (ILO) classification of
pneumoconiosis. The aims of this study were to evaluate whether there is a correlation
between the extent of cigarette smoking and increased lung markings on chest
radiography and to correlate the chest radiographic scores with findings on CT studies.
Methods: In a prospective analysis a cohort of 85 smokers was examined. The cigarette
consumption was evaluated in pack years (defined as 20 cigarettes per day over 1 year).
Film reading was performed by two board-certified radiologists. Chest radiographs were
evaluated for the presence of thickening of bronchial walls, the presence of linear or
nodular opacities, and emphysema. To correlate the smoking habits with the increase of
overall lung markings in chest radiography, the ILO profusion score was converted to
numbers ranging from zero to nine. Chest radiographs were rated according to the
complete set of standard films of the revised ILO classification.
Results: 63/85 (74%) of the smokers showed an increase in overall lung markings on
chest radiography; 32 (37%) had an ILO profusion score of ,1/1, 29 (34%) had an ILO
profusion score of ,2/2 and 2 (2%) had an ILO score of $2/2. There was a significant
positive linear correlation between the increase of overall lung markings on chest
radiography and the cigarette consumption quantified as pack years (r50.68). The
majority of the heavy smokers (.40 pack years) showed emphysema; there was no
significant difference between the prevalence of emphysema as diagnosed by CT (62%)
or chest radiography (71%) (p,0.05).The most common findings in CT were thickening
of bronchial walls (64%) and the presence of emphysema (62%) and of intralobular
opacities (61%). Ground-glass opacities were seen in only 7% of our patients.
Conclusion: Bronchial wall thickening and intralobular opacities as seen in CT showed a
positive linear correlation with the increase of overall lung markings on chest radiography.
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Tobacco smoke is the most important and well-known
causative factor for the development of chronic bronchitis,
bronchial cancer and emphysema [1]. Cigarette smoking
also results in a focal accumulation of macrophages within
the walls of the respiratory bronchioles and adjacent
alveoli described as respiratory bronchiolitis-associated
interstitial lung disease (RB-ILD) [2–6]. The common
finding of ‘‘dirty chest’’, an overall increase in non-specific
lung markings on chest radiography in such patients, is
frequently identified in daily routine [7–10]. Remy-Jardin
et al [11] found that the morphological substrate of
cigarette smoking-induced changes in chest radiography
were parenchymal micronodules and intralobular opa-
cities comparable to the findings in anthracosilicosis of

coal workers. Therefore, we hypothesised that it might be
possible to quantify the smoking-induced changes of the
lung using the International Labour Organization (ILO)
classification [12].

The aims of this study were to evaluate whether there
was a correlation between the extent of cigarette smoking
and increased lung markings in chest radiography and to
correlate chest radiographic scores with findings on CT
studies. To the best of our knowledge, an evaluation like
this has not been described in the clinical literature so far.

Methods and material

We performed a prospective analysis on a consecutive
cohort of smokers who were admitted to the Depart-
ment of Radiology at Allgemeines Krankenhaus, Hagen,
Germany, within a 3-month period. Thoracic CT and chest
radiography were simultaneously performed for
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diagnostic purposes within 1 week. All patients were
clinically stable at the time of the study. To avoid
misinterpretation of parenchymal changes due to acute
infectious processes, patients were excluded from this
evaluation if they had any evidence of pneumonia. Other
exclusion criteria were knowledge of interstitial lung
disease such as sarcoidosis, extrinsic allergic alveolitis,
lymphangiosis carcinomatosa or silicosis. The study was
approved by the local ethics committee and all patients
gave informed consent.

During the observation period a total of 85 patients
were enrolled. The demographic data and clinical
features are shown in Table 1.

Data acquisition

Postero-anterior chest radiographs were obtained in full
inspiration on a standard system (Multix R; Siemens, Er-
langen, Germany) with the following parameters: 120 kV,
2.5 mAs and antiscatter grid with a 180-cm focus–detector
distance. Storage-phosphor images were obtained (Agfa
CR 85 X; Agfa, Mortsel, Belgium) using 35643 cm
imaging plates (model CR MD4.0; Agfa). The post-
processing algorithms provided by the manufacturer
permitted images closely resembling film–screen images.
Hard copies were printed via a laser printer (LR 3300;
Agfa) on laser film.

Multidetector CT was carried out using a Toshiba
Aquilion 64 machine (Toshiba Medical Systems, Tokyo,
Japan). Images were obtained in full inspiration using a
6460.75 mm slice collimation with a tube voltage of
120 kV. The tube current (milliampere) was adjusted
relative to patient attenuation by means of the Sure
ExposureH modus (Toshiba Medical Systems). The recon-
struction slice thickness was 3–5 mm and three reconstruc-
tion planes (axial, frontal and sagittal) were automatically
obtained. The images were reconstructed in a high spatial
resolution algorithm and displayed with a wide window
setting at a width of 2000 HU and a level of 2500 HU.
During CT, 100–120 ml of a 300/400 mg l21 I contrast
medium (ImeronH; Altana, Koblenz, Germany) was
administered intravenously at a rate of 2–3 ml s21 with a
power injector followed by a 30 ml normal saline ‘‘chaser’’.

Assessment of chest radiograph and CT

Film reading was performed by two board-certified
radiologists. Thickening of the bronchial walls (visible
as tram tracks or ring shadows) and the presence of
linear or nodular opacities were noted. The presence of

emphysema was classified semiquantitatively as moder-
ate or severe. In order to quantify the overall increase of
lung markings, we rated the chest radiographs according
to the complete set of standard films of the revised ILO
classification [12]. The profusion score was converted
to numerical numbers from zero to nine according to
increasing density of small opacities as follows: 0/050, 0/
151, 1/052, 1/153 etc.

The CT scans were reviewed by two chest radiologists.
CT scans were analysed for the presence of bronchial
abnormalities, decreased lung attenuation, increased lung
opacification and nodules. The presence of directly visible
small airways with an internal diameter of ,2 mm or a
distance of ,1 cm to the pleura was noted as a sign of
thickening of small airways. The thickening of bronchial
walls as a sign of chronic bronchitis was classified by the
two readers as moderate or severe compared with the
representative high resolution CT (HRCT) images of
airway wall thickness as published by Awadh et al [13].
Vascular attenuation (thinning of pulmonary vessels and
reduction in their number) and distortion (increased bran-
ching angle or straightening) were considered as signs
of emphysema. Centrilobular emphysema was defined
as round areas of low attenuation # 1 cm in diameter
within a homogeneous background of normal lung paren-
chyma. Panlobular emphysema was characterised as large
and extensive areas of uniform low attenuation.

Increased lung opacification was described as ground-
glass attenuation, consolidation or reticular opacities.
Ground-glass opacification was defined by areas of hazy
parenchymal opacities that did not obscure the under-
lying vasculature, whereas an opacity obscuring the
pulmonary vessels was defined as a region of consolida-
tion. Reticular opacities were divided into inter- or intra-
lobular septal thickening. Thickened interlobular septa
were defined as linear opacities in the lung periphery
measuring 1–2 cm in length and extending to the pleu-
ral surface. The interlobular septal thickening outlined
lobules 1–2.5 cm in diameter and appeared polygonal in
shape. Reticular patterns which did not fit the character-
istics of interlobular septal thickening were defined as
intralobular septal thickening. Abnormalities considered
under this heading were pathologically heterogeneous
and included thickening of the alveolar wall and abnorm-
alities of the respiratory bronchus. These intralobular lines
may be fine and difficult to see or coarse and irregular [14].

Micronodules were defined as rounded opacities with
a diameter of ,5 mm and were classified as sharp or ill
defined, centrilobular or subpleural. Ill-defined centri-
lobular opacities as well as intralobular lines were added
to the term ‘‘intralobular opacities’’.

Table 1. Demographic data, indication and smoking habit of the 85 enrolled patients

Age (years), mean 65.5
Age (years), range 42–82
Gender

Male, n (%) 56 (66)
Female, n (%) 29 (34)

Indication, n (%) Suspected malignancy: 18 (21) Pulmonary embolism: 9 (11) Staging: 40 (47) Others: 18 (21)
Cigarette consumption, n ,20 py: 33 20–,40 py: 30 40–,60 py: 13 $60 py: 9

py, pack years.
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Clinical features

We evaluated the patients’ medical reports with regard
to the indication for chest radiograph, CT and underlying
illnesses. The patients were interviewed regarding their
cigarette consumption evaluated in pack years (defined
as 20 cigarettes per day over 1 year), occupational dust
exposure or knowledge of chronic lung disease.

Statistic evaluation

We correlated the smoking habits with the increase of
overall lung markings in chest radiographs, classified
according to the ILO profusion score, by means of a linear
regression model (Excel 2007; Microsoft Corp., Redmond,
WA). Pearson’s x2 tests were performed to test significant
correlations between the extent of cigarette consumption
and different findings (e.g. bronchial wall thickening,

increase of linear pattern, emphysema) in both chest
radiography and CT. Statistical significance was set at
p,0.05. Post-hoc sample size analysis was performed
using the G*Power3.1 Program (Faul, Erdfelder, Lang and
Buchner, Düsseldorf, Germany [15]). 88 patients were
needed to reach an acceptable confidence level of 95% and
statistical power of at least 80%.

Results

Chest radiography

Thickening of bronchial walls was seen in 63 out of 85
(74%) patients without any significant differences regard-
ing the extent of cigarette consumption (p,0.05). An in-
crease of linear structures was found in 22/85 (26%)
patients. Here we found a significant difference between
smokers with $20 pack years and smokers with ,20 pack
years (x255.4, p,0.01). In total, 60/85 (71%) of the
included patients showed emphysema, which was classi-
fied as moderate in 39 of 60 (65%) patients and severe in 21
of 60 (35%) patients. Severe emphysema was more often
observed in heavy smokers with $60 pack years (6 of 9
patients, 67%); there was a significant difference between
this group and moderate smokers with ,20 pack years
(x259.7, p,0.05) as well as moderate smokers with 20–
,40 pack years (x257.0, p,0.05).

63 of 85 (74%) patients showed an increase in overall
lung markings in chest radiography. Only 22 (26%) of our
patients demonstrated a normal appearance of lung
parenchyma. An increase of overall lung markings
according to the ILO profusion score ,1/1 was diagnosed
in 32 (37%) patients; the majority of these patients were
smokers with ,20 pack years (n516), but smokers with
,40 pack years (n512) also showed this finding. Only 4 of
22 smokers with $40 pack years showed an ILO score of
,1/1. 31 of 85 (36%) patients showed findings indicating
an ILO score of $1/1 (Figure 1). In this group, we
found only 3 patients with ,20 pack years (4%) but
28 patients with $20 pack years (33%). The highest
profusion score seen in our evaluation was ILO 2/2
(n52). 8 (89%) of the heavy smokers with $60 pack years
showed ILO profusion scores of $2/1. Details pertaining
to findings in chest radiography are presented in Table 2.
There was a significant positive linear correlation between

Figure 1. Chest radiograph of a heavy smoker (38 pack
years) showing an increase in overall lung markings with
numerous small nodules, singular linear opacities and diffuse
bronchial wall thickening; the normal lung markings are
partially obscured. The finding is comparable to the profu-
sion score of 2/1 according to the International Labour
Organization classification.

Table 2. Findings in chest radiography correlated with the cigarette consumption

Findings in chest radiography

Cigarette consumption (pack years)

Total (n585),20 (n533) 20–,40 (n530) 40–,60 (n513) $60 (n59)

Bronchial wall thickening 28 (85%) 19 (64%) 10 (77%) 6 (67%) 63 (74%)
Linear pattern 4 (12%) 11 (37%) 4 (31%) 3 (33%) 22 (26%)
Overall marking score 0 0/0 14 (42%) 5 (17%) 3 (23%) 0 22 (26%)

1 0/1 8 (24%) 5 (17%) 0 1 (11%) 14 (16%)
2 1/0 8 (24%) 7 (23%) 3 (23%) 0 18 (21%)
3 1/1 1 (3%) 5 (17%) 5 (38%) 2 (22%) 13 (15%)
4 1/2 2 (6%) 4 (13%) 2 (15%) 2 (22%) 10 (12%)
5 2/1 0 3 (10%) 0 3 (33%) 6 (7%)
6 2/2 0 1 (3%) 0 1 (11%) 2 (2%)

Emphysema Moderate 13 (40%) 16 (53%) 8 (61%) 2 (22%) 39 (46%)
Severe 5 (15%) 6 (20%) 4 (13%) 6 (67%) 21 (25%)
Total 18 (55%) 22 (73%) 12 (92%) 8 (89%) 60 (71%)
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the reticulonodular opacity classified according to the ILO
profusion score and the tobacco exposition quantified as
pack years (r50.68, p,0.0001; Figure 2).

CT findings

The most common findings in CT were bronchial wall
thickening (64%), emphysema (62%) and the presence of
intralobular opacities (61%). Intralobular smooth nodular
opacities (Figure 3) were seen in 39% of patients and
intralobular septal thickening was seen in 58%. The latter
was often accompanied by more prominent interlobular
septal lines. Thickening of interlobular septa without
intralobular septal lines was only seen in 6%. There was
no significant difference between moderate smokers
(,20 pack years) and heavy smokers ($20 pack years)
with regard to the findings of bronchial wall thickening.
Intralobular opacities were seen in up to 77% (cigarette
consumption 40–,60 pack years). Patients with a cigar-
ette consumption of ,20 pack years showed intralobular
opacities in 45% of the CT scans. This finding showed a
statistically significant difference between the groups with
,20 pack years and $20 pack years (x255.6, p,0.01).
Ground-glass opacities and subpleural micronodules
were seen in only 6 patients (7%) and 8 patients (9%),
respectively, without any significant differences regard-
ing the tobacco consumption.

The vast majority (20 of 22, 91%) of patients with a
cigarette consumption of .40 pack years showed emphy-
sema; there was no difference between the percentage

(91%) of emphysema diagnosed by CT or chest radio-
graphy in this group. The presence of emphysema differed
significantly between the group of smokers with ,20 pack
years and $20 pack years (x2512, p,0.005). Details
concerning the CT findings are presented in Table 3.

Discussion

Since the decline of the coal mining and steel
industries, cigarette smoke remains the most serious
environmental hazard for the lung in western countries
[5]. It has been demonstrated that respiratory illness is
associated with the degree of tobacco smoke exposure in
particular [5, 11]. The pathological entity of smoke-
induced RB-ILD is also called ‘‘smokers’ bronchiolitis’’
as it is seen almost exclusively in current or former
smokers. While numerous publications have investi-
gated the CT appearance of emphysematous changes of
the lung parenchyma [16, 17] or alterations of the
bronchial walls [18–21], less attention has been directed
to the abnormalities of chest radiographs caused by
chronic bronchitis or RB-ILD.

Our study demonstrates that cigarette smoking gen-
erally results in an increase of overall lung markings on
chest radiography. This fact is perhaps not surprising
and was assumed in the literature many years ago [7, 8,
10]. In accordance with other investigators, we verified
that only a small number of smokers show normal lung
parenchyma. Abnormal chest radiographs have been
reported in up to three-quarters of all patients suffering

Figure 2. Graphic analysis of regression showing a significant positive linear correlation between the reticulonodular opacity
and tobacco exposition (r50.68). ILO, International labour Organizition.
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from RB-ILD [3, 5, 22, 23]. Heyneman et al [3] reported
that the most common finding of RB-ILD on chest
radiography is the thickening of the walls of the central
or peripheral bronchi, which is seen in about 75% of the
patients. Moon et al [22] found a reticulonodular pattern
in the chest radiographs of 5 out of 10 patients and
ground-glass opacities in 2 out of 10 patients with
histologically proven RB-ILD. In our study, only 8 (15%)
of the 52 smokers with a cigarette consumption of .20
pack years showed a lower profusion score of reticular
pattern—ILO ,0/1. It should also be noted that this
might disprove the existence of a considerable natural
resistance to tobacco smoke.

In addition to this result, a crucial finding of our study
is the affirmation of a linear correlation between the
extent of cigarette consumption and an increase of
overall lung markings on chest radiography, a fact
which, as far as we know, until now was not proven.

While previous literature argues that neither chest
radiographs nor HRCT have much to offer in the

diagnosis and management of patients suffering
from chronic obstructive pulmonary disease (COPD)
[8, 13, 16], more recent work on CT demonstrated that it
can help differentiate the COPD phenotype (emphy-
sema-predominant, airway-predominant) which is cru-
cial for determining the appropriate management
strategy [20]. Remy-Jardin et al [24] demonstrated in a
group of 98 asymptomatic smokers with normal
findings at pulmonary function tests that parenchymal
abnormalities such as subpleural and parenchymal
micronodules, mild emphysema and ground-glass
attenuation can be detected by means of HRCT. A
follow-up study of 57 smokers [25] provided morpho-
logical information on longitudinal changes in CT
findings caused by smoking. Emphysematous changes
were seen in 40% and ground-glass attenuation was
seen in 42%; this finding showed significant higher
frequency after an average follow-up of 5.5 years. Ill-
defined micronodules were observed in 35%. Holt et al
[26] found that the CT findings of RB-ILD are variable

(a) (b)

Figure 3. Correlation of chest radiography and CT appearances in a 69-year-old female smoker (22 pack years). The chest
radiograph shows (a) a considerable increase of overall lung markings with small nodular opacities; normal lung markings are
still visible. The finding is comparable to the profusion score of small opacities 1/0 according to the International Labour
Organization. (b) Transverse CT scan targeted to the right lung shows intralobular thickening and numerous intralobular
smooth opacities in the periphery of the upper lobe.

Table 3. Findings in CT correlated with the cigarette consumption

CT findings

Smoke burden (pack years)

Total (n585),20 (n533) 20–,40 (n530) 40–,60 (n513) $60 (n59)

Interlobular 16 (48%)a 22 (73%) 11 (84%) 5 (56%) 54 (64%)
Intralobular 15 (45%)a 21 (70%) 10 (77%) 6 (67%) 52 (61%)
Micronodules 2 (6%) 2 (7%) 1 (8%) 2 (22%) 8 (9%)
Ground glass 1 (3%) 3 (10%) 1 (8%) 1 (11%) 6 (7%)
Bronchial wall thickening 20 (61%) 16 (53%) 11 (84%) 7 (78%) 54 (64%)
Emphysema 13 (40%)a 20 (67%) 12 (92%) 8 (89%) 53 (62%)

aSignificant difference compared with the other groups.
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(atelectasis, ground-glass opacity, emphysema, and
linear and reticular abnormalities).

More recently, Park et al [27] analysed chest radio-
graphs and CT scans of 21 smokers and ex-smokers and
noted major radiographic findings of bronchial wall
thickening (76%) and ground-glass opacity (57%). Major
CT findings were central (90%) and peripheral (86%)
bronchial wall thickening, centrilobular nodules (71%)
and ground-glass opacities (67%). Our sample showed a
comparable frequency of centrilobular opacities (61%)
but a much lower frequency of ground-glass opacifica-
tion (7%). This might be explained by the fact that our
images were displayed at a rather high window level
(2500 HU) and a wide window width (2000 HU).

The CT measurement of airway wall dimensions was
estimated to play a front-line role in the study of COPD
because airway remodelling represents the major reason
for airflow limitation [17–19, 21]. In our study, bronchial
wall thickening was diagnosed approximately as often in
chest radiography (58%) as in CT (64%) and—similar to
other investigations [27]—as a major finding. With
special regard to this finding, we substantially agree
with Müller-Leise et al [28], who evaluated parenchymal
lung changes in a group of 82 smokers and found that
subpleural dystelectasis and centrilobular and panlobu-
lar emphysema are dependent on cigarette consumption,
but that ground-glass pattern, centrilobular microno-
dules and bronchial wall thickening are independent of
tobacco burden. This finding is somewhat different to the
observation that the extent of centrilobular nodules
found on CT correlates with the degree of macrophage
accumulation and chronic inflammation in respiratory
bronchioles [3, 29]. In addition, we did not find any
correlation between bronchial wall thickening and the
extent of cigarette consumption in our study.

Considering our results, it seems to be somewhat
surprising that the overall prevalence of emphysema was
high and that the vast majority of the heavy smokers
(cigarette consumption of $40 pack years) showed
emphysema on both chest radiography and CT (20/22,
90%). Recent studies have already demonstrated the
diagnostic impact of both modalities in the early
diagnosis of emphysema [30, 31]. In this context,
Spaggiari et al [31] demonstrated that HRCT was more
sensitive and specific than functional tests for the
evaluation of initial emphysema. Our results show that
chest radiography is comparable to CT in predicting
emphysema. This observation is in agreement with
Miniati et al [32, 33] and might be caused by a relatively
small number of early emphysema in our sample.

Finally, the question of which morphological sub-
strates result in the proven increase of overall lung
markings remains. The CT findings of intralobular
opacities and emphysema showed significant differences
regarding tobacco consumption. As no other parameter
showed a comparable high correlation, we infer that
intralobular opacities—perhaps caused by small airway
disease—are the major factor for an increase of overall
lung markings in chest radiography.

There were several limitations to our study. First, the
sample size was small, preventing a generalisation of our
results. Second, the study design did not compare the
findings of smokers with an age-matched non-smoking
cohort; this would have been suitable because increased

lung markings on chest radiography are a non-specific
finding and are also seen in other conditions.

Another limitation to our study is that the findings
were not proven by a gold standard such as histological
examination. However, owing to the study design there
was no indication for performing invasive investigations.
Above this, one may believe there was an interpretation
bias in our study because the CT protocol cannot be
regarded as a standard for the examination of interstitial
lung diseases. Some subtle abnormalities, as described in
the literature, may be visualised only by thin section high
resolution slices in defined inspiration conditions. There-
fore, we regard our findings as preliminary.
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