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Abstract 

Purpose: The complexity of chest radiography (CXR) is a source of variability in its interpretation. 
We assessed the effect of an interpretation grid on the detection of CXR anomalies and radio- 
graphic diagnosis of tuberculosis in an endemic area for tuberculosis. Methods: The study was 
conducted in Yaounde (Cameroon). Six observers (2 pulmonologists, 2 radiologists and 2 senior 
residents in medical imaging) interpreted 47 frontal CXR twice two months apart without (R1) 
and with (R2) the aid of an interpretation grid. We focused on the detection of micro nodules (n = 
16), cavitations (n = 12), pleural effusion (n = 6), adenomegaly (n = 6), and diagnosis of tuberculo- 
sis (n = 23) and cancer (n = 7). Results: The average score for accurate detection of elementary le- 
sions was 40.4% [95%CI: 25% - 58.3%] in R1 and 52.1% [36.9% - 65.3%] in R2. The highest im- 
provement was observed for micro nodules (19.8%). Cavitations had the highest proportions of 
accurate detections (58.3% in R1 and 65.3% in R2). The average score of accurate diagnosis was 
46.1% in R1 and 57.4% in R2. Accurate diagnosis improved by 3.6% for tuberculosis and 19% for 
cancer between R1 and R2. Intra-observer agreement was higher for the diagnosis of cancers 
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(0.22 ≤ κ ≤ 1) than for diagnosing tuberculosis (0.21 ≤ κ ≤ 0.68). Inter-observer agreement was 
highly variable with a modest improvement for the diagnosis of tuberculosis in R2. Conclusion: 
Standardized interpretation scheme improved the detection of CXR anomalies and diagnosis of 
tuberculosis. It significantly improved inter-observer’s agreement in diagnosing tuberculosis but 
not in detecting most lesions. 
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1. Introduction 

In spite of numerous advances in cross-sectional thoracic imaging, chest radiography (CXR) remains the leading 
imaging modality for the exploration, diagnosis and monitoring of many chest diseases [1] [2]. In most circums- 
tances, it is the first-line imaging modality and frequently the only diagnostic imaging test used in patients with 
confirmed or suspected chest disease [1]-[4]. 

The role of CXR in the screening and diagnosis of pulmonary tuberculosis (TB) is well established [5]-[8]. 
But the complexity of CXR image is a source of variability in the diagnosis of TB and lung diseases in general 
[5] [6] [9] [10]. In most sub-Saharan Africa countries where TB is endemic, CXR is very often the only availa-
ble or accessible chest imaging test [11] [12]. Many CXR interpretation schemes have been developed in some 
countries in order to reduce interpretation discrepancies [5] [13]-[15]. However, we are not aware of studies on 
the benefit of a CXR standardized interpretations grid in sub-Saharan African countries. 

Inspired by the Chest Radiography Reading and Recording System (CRRS) and Japan-Vietnam Chest x-ray 
Coding System (JVCS) reading systems [6] [9], we developed a new CXR interpretation scheme and assessed 
its effect on the detection of CXR anomalies and radiographic diagnosis of pulmonary tuberculosis in adults Ca- 
meroonians. 

2. Materials and Methods 

This was an intervention study, carried out in Yaoundé (the Capital city of Cameroon) between December 2012 
and February 2013. The study was approved by the Ethics Committee of the Faculty of Medicine and Biomedi- 
cal Sciences and the administrative authorities of the Yaounde Jamot Hospital. 

2.1. Development of the Interpretation Grid 

A group comprising one experienced radiologist, one experienced pulmonologist, one final year specialist radi- 
ologist in training and one final year medical student developed the CXR interpretation grid based on an adapta- 
tion of the “Chest radiograph reading and recording system” CRRS [9] and “Japan-Vietnam CXR coding system” 
JVCs [6] (see appendix). The new grid was pre-tested before application for this study. The new grid included: 
one section for parenchymal lesions, one for pleural lesions, one for mediastinal lesions, one for other damages 
and a last section for radiographic diagnosis. 

2.2. Selection of Radiographs 

CXR were selected from the department of pulmonology of the Yaounde Jamot Hospital (YJH), which is the 
largest referral and treatment center for chest diseases in Yaounde and its neighborhoods [16]. Selected CXR 
were all posterior-anterior incidences of good photographic and technical quality, in digital format, performed in 
patients of more than 15 years of age. A total of 47 CXR were selected for this study: 23 of pulmonary tuberculosis, 
seven of lung cancers, seven of bacterial pneumonia, six normal CXR and four with diffuse infiltrative lung dis- 
ease. All abnormal CXR had a confirmed diagnosis of the disease via appropriate investigations. 

2.3. Selection of Observers 

Six readers chosen by convenience, participated in this study: two pulmonologists totalizing five and 13 years of 
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experience, two radiologists with one and five years of experience, and two final year residents in medical im- 
aging. These readers are identified as “radiologist 1 and 2”, “pulmonologist 1 and 2” and “resident 1 and 2”. 

2.4. Interpretation Procedure 

Interpretation consensus for each CXR was obtained by the review of all the CXR images by a group consisting 
of one radiologist and one pulmonologist (8 years of experience each) and one final year resident in medical 
imaging. For each CXR, the consensual interpretation determined the elementary radiographic lesions and the 
radiological diagnosis. The first session of interpretation (R1) by the six observers was in the usual reading con- 
ditions using a report form with one part focusing on detection of elementary lesions and the other focusing on 
radiologic diagnosis. During the second reading session (R2) two months later, interpretation was made on an 
interpretation grid (see appendix). Each participant was instructed on the use of that grid before the reading ses- 
sion but was not aware that it was the same CXR from the first reading session. Images were arranged in a dif- 
ferent order compared to the first reading session order. Interpretations were performed under the same condi- 
tions for observers without limitation of reading time. The day and reading time were chosen at the convenience 
of the observer. 

2.5. Data Collection and Analysis 

The sample size was calculated using the “Kappa Size” package of the R statistic software, version 2.13.0 
[17]-[20]. Based on an expected Kappa of 0.47 ± 0.13 [9] and a type I error of 0.05, the minimum sample size 
was 46 radiographs for six observers. A total of 47 radiographs were selected for this study. The elementary le-
sions and the following diagnosis were retained for analysis: pulmonary tuberculosis (n = 23), micro nodules (n 
= 16), caverns (n = 12), lung cancer (n = 7), pleural effusion (n = 6) and hilar or mediastinal adenomegaly (n = 
6). The analysis focused on the accuracy of the detection of elementary lesions, diagnosis of pulmonary tuber-
culosis and lung cancer, the intra-observer and inter-observers agreement between the first and second reading. 
The data were entered and analyzed using SPSS 17 software (SPSS Inc., Chicago, USA). Kappa coefficient (k) 
was used to assess the agreement between the reading without grid and the reading with standardized grid. The 
following Kappa intervals and thresholds [18] were used to characterize the level of agreement: discordance 
(<0.0), low (0.0 - 0.20), poor (0.21 - 0.40), moderate (0.41 - 0.60), good (0.61 - 0.80), excellent (>0.81). 

3. Results 

The performance of our observers at detecting elementary lesions and making CRX diagnosis during the first 
reading session without standardized scheme (R1) and during the second session with standardized grid (R2) are 
shown in Table 1 for elementary lesions and in Table 2 for radiological diagnostics. Figure 1 shows four ex- 
amples of CRX of this study. The average score of accurate detection of elementary lesions for all observers  

 
Table 1. Proportion of anomalies accurately detected by each observer at each reading session and intra-observer agreement 
between the two sessions. 

 Adenomegaly (n = 6) Cavitations (n = 12) Pleural effusion (n = 6) Micronodules (n = 16) Mean score 

 R1  
(%) 

R2  
(%) κ (95%CI) R1  

(%) 
R2  
(%) κ (95%CI) R1  

(%) 
R2  
(%) κ (95%CI) R1  

(%) 
R2  
(%) κ (95%CI) R1 and R2 

(%) 

Resident 1 16.7 0 0.81  
(0.57 - 1.04) 58.3 58.3 0.73  

(0.38 - 1.08) 50.0 50.0 0.23  
(−0.22 - 0.68) 12.5 31.5 0.55  

(0.29 - 0.80) 34.7 

Resident 2 16.7 33.3 0.89  
(0.69 - 1.08) 58.3 58.3 −0.02  

(−0.28 - 0.24) 33.3 50.0 0.29  
(−0.20 - 0.78) 6.3 18.7 0.62  

(0.36 - 0.87) 34.4 

Radiologist 1 50.0 33.3 0.43  
(0.05 - 0.80) 50.0 75.0 0.06  

(−0.24 - 0.36) 100 83.3 0.54  
(0.08 - 1.00) 43.7 68.7 0.33  

(0.02 - 0.63) 63.0 

Radiologist 2 16.7 50.0 0.26  
(−0.15 - 0.67) 66.7 75.0 0.20  

(−0.15 - 0.55) 16.7 33.3 0.85  
(0.55 - 1.14) 62.5 81.2 0.32  

(0.01 - 0.63) 50.3 

Pulmonologist 1 33.3 88.3 0.39  
(−0.02 - 0.80) 41.7 75.0 0.30  

(−0.06 - 0.66) 50.0 33.3 0.79  
(0.39 - 1.18) 56.2 81.2 0.70  

(0.42 - 0.97) 57.4 

Pulmonologist 2 16.7 16.7 1 75.0 50.0 0.45  
(0.10 - 0.79) 0 50.0 0.69  

(0.37 - 1.00) 37.5 56.2 0.55  
(0.27 - 0.82) 37.8 

Mean Score 25.0 36.9 NA 58.3 65.3 NA 41.7 50.0 NA 36.5 56.3 NA 46.2 

R1: first reading session without scheme, R2: second session with scheme, NA: not applicable. 
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Table 2. Proportion of accurate diagnosis given by each observer at each reading session and intra-observer agreement be- 
tween the two readings. 

 Pulmonary tuberculosis (n = 23) Broncho-pulmonary cancer (n = 7) Mean score 

 R1 (%) R2 (%) κ (95%CI) R1% R2% κ (95%CI) R1 and R2 

Resident 1 39.1 56.5 0.21 (0.03 - 0.38) 57.1 71.4 1 56.0 

Resident 2 34.8 30.4 0.68 (0.51 - 0.84) 57.1 42.8 1 41.3 

Radiologist 1 34.8 43.5 0.47 (0.28 - 0.65) 42.8 71.4 0.22 (−0.19 - 0.63) 48.1 

Radiologist 2 43.5 43.5 0.33 (0.13 - 0.52) 14.3 57.1 0.69 (0.16 - 1.20) 39.6 

Pulmonologist 1 73.9 78.3 0.39 (0.18 - 0.59) 57.1 71.4 0.69 (0.16 - 1.20) 70.2 

Pulmonologist 2 69.6 65.2 0.40 (0.21 - 0.58) 28.6 57.1 0.36 (−0.24 - 0.93) 55.1 

Mean Score 49.3 52.9 NA 42.8 61.9 NA 51.7 

R1: first reading session without scheme, R2: second session with scheme, NA: not applicable. 
 

 
Figure 1. Examples of CXR included in this study. A: pulmonary TB with left apical cavity (cavern), mild consolidation of 
the lingula and ill-defined micronodules on the right upper lobe. B: bacterial pneumonia with middle lobe consolidation. C: 
excavated pulmonary carcinoma on the right lower lobe associated with mild pleural effusion. D: miliary tuberculosis with 
diffused micronodules on both lung fields. 

 
was 40.4% (95% CI: 25% - 58.3%) in R1 and 52.1% (95% CI: 36.9% - 65.3%) in R2, indicating an improve- 
ment of 11.7% (95% CI: 7% - 11.9%). The average score of improvement in the detection of elementary lesions 
between R1 and R2 was 6.9% for cavitations, 8.3% for pleural effusions, 11.9% for adenomegaly and 19.8% for 
micronodules. Radiologist 1 had the highest overall score of accurate detection (63%). Cavitations had the high- 
est proportion of accurate detection (58.3% in R1 and 65.3% in R2). 

Based on the kappa statistics for the intra-observer’s agreement, the detection of micronodules significantly 
improved for all observers, with kappa statistics always lower than 1. Values ranged from 0.32 (95% confidence 
interval: 0.01 to 0.63) for radiologist 2 to 0.70 (0.42 to 0.97) for pulmonologist 1 (Table 1). With the exception 
of the two residents, the kappa statistics were also in favor of significant improvement in the detection of cavita- 
tions at R2, with values ranging from 0.06 (−0.24 to 0.36) for radiologist 1 to 0.45 (0.10 to 0.79) for pulmonolo- 
gist 2. For adenomegaly and pleural effusion, significant improvement occurred for half and 2/3rd of observed 
respectively (Table 1). 

The average score of accurate diagnosis for all observers was 46.1% in R1 and 57.4% in R2, indicating an 
improvement of 11.3% when using standardized grid. The overall improvement in the score of accurate diagno- 
sis between R1 and R2 was 3.6% for tuberculosis and 19% for lung cancers. The pulmonologist 1 had the best 
overall score of accurate diagnosis (70.2%). With the exception of resident 2, significant improvement in the 
diagnosis of tuberculosis occurred in R2 with kappa statistics ranging from 0.21 (0.03 to 0.38) for resident 1 to 
0.47 (0.28 to 0.65) for radiologist 1 (Table 2). Improved diagnosis of cancer based on the kappa statistic was 
significant only for radiologist 1 [kappa 0.22 (−0.22 to 0.63)], Table 2. 

Variable inter-observers’ agreement in the detection of lesions and diagnosis of tuberculosis and cancer was 
observed at both reading time-points. Inter-observer’ agreement was poor-to-good for the detection of adeno- 
megaly and micronodules, low-to-moderate for cavitations and diagnosis of tuberculosis, discordant-to-poor for 
pleural effusion, and poor-to-excellent for the diagnosis of lung cancer, with the exception of one pair for which 
discordance was noted (Table 3). 

The direction of changes in the inter-observers’ agreement between R1 and R2 was also variable, favoring  
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Table 3. Kappa coefficient (95% confidence interval) for the inter-observer agreement in the detection lesions and diagnosis 
of tuberculosis and cancer at the first and second readings. 

 Adenomegaly Cavitations Pleural effusion Micronodules Pulmonary 
tuberculosis Lung cancer 

Resident 1 vs.  
radiologist 1 

R1 0.43  
(0.05 to 0.80) 

0.09  
(−0.22 to 0.40) 

−0.08  
(−0.14 to −0.02) 

0.64  
(0.40 to 0.87) 

0.25  
(−0.15 to 0.65) 

0.72  
(0.23 to 1.2) 

R2 0.43  
(0.05 to 0.80) 

0.14  
(−0.24 to 0.52) 

0.23  
(−0.22 to 0.68) 

0.46  
(0.18 to 0.75) 

0.03  
(−0.348 to 0.40) 

0.36  
(−0.21 to 0.93) 

Resident 1 vs.  
pulmonologist 1 

R1 0.69  
(0.36 to 1.01) 

0.50  
(0.14 to 0.85) 

0.23  
(−0.22 to 0.68) 

0.47  
(0.14 to 0.68) 

0.34  
(0.08 to 0.59) 1 

R2 0.34  
(−0.05 to 0.73) 

0.46  
(0.01 to 0.90) 

0.37  
(−0.08 to 0.68) 

0.50  
(0.22 to 0.78) 

0.37  
(0.00 to 0.74) 

0.69  
(0.16 to 1.20) 

Radiologist 1 vs  
pulmonologist 1 

R1 0.55  
(0.20 to 0.89) 

0.25  
(−0.09 to 0.59) 

−0.07  
(−0.12 to −0.01) 

0.74  
(0.41 to 0.98) 

0.19  
(−0.08 to 0.46) 

0.72  
(0.23 to 1.20) 

R2 0.57  
(0.126 to 1.01) 

0.23  
(−0.22 to 0.68) 

−0.06  
(−0.11 to −0.00) 

0.38  
(0.08 to 0.67) 

0.29  
(−0.01 to 0.59) 

−0.24  
(−0.58 to 0.10) 

R1: first reading without scheme, R2: second reading with scheme. 
 

both improvement, deterioration and no change. No consistent pattern of change was apparent across pairs of 
observers for any particular lesions, nor across all lesions and diagnosis within a given pair of observers (Table 
3). 

4. Discussion 

An interpretation grid developed and used in our study had a broad positive impact on the detection of common 
lesions and the accuracy of diagnoses on chest X-rays in this setting. The observed improvement appeared to be 
more consistent across observers for micronodules, cavitations, diagnosis of tuberculosis and to a lesser extent 
the detection of adenomegaly.  

The spectrum of the inter-observers’ agreement both before and after implementation of the interpretation 
grid was very broad, with inconsistent effects of the grid on the agreement both within pairs of observers for all 
possible lesions and diagnosis, and across pairs of observers for any specific lesion or diagnosis. Other studies 
that have used a standardized interpretation scheme have shown a significant improvement in the interpretation 
of CXR [5] [9] [10] [21] [22]. Indeed, the different sections of the grid are expected to impose to observers a 
more systematic approach to the analysis of each anomaly, thereby improving its detection. It’s the same when a 
list of diagnosis is suggested at the conclusion of an interpretation. The intra-observer’s agreement was excellent 
in over half of four observers for the detection of adenomegaly and diagnosis of cancers. This is consistent with 
poor-to-no impact of the grid on the performance of the observers. The kappa statistics for the inter-observer’s 
agreement in detection of elementary lesions was highly variable across observers, lesions/diagnosis and reading 
sessions. For accurate detection of pleural effusion and accurate diagnosis of TB, the kappa statistics for the in- 
ter-observer’s agreement were higher in R2 than in R1, indicating the positive impact of the grid in our study. 
This is in line to many studies where the standardized interpretation form significantly improved the concor- 
dance of reading; for example in South Africa with the CRRS [9], the five categories reading system in Canada 
[10], the three categories reading system in Switzerland [21] and the Russian classification [5] had. The lack of 
initial training prior the use of our interpretation grid could explain its limited impact on the interobserver’s 
agreement in accurate detection of some anomalies during R2 session. Den Boon and al submitted readers to 
three-days training on the use of CRRS with pre-tests prior to its application to the study [9]. The absence of 
clinical information would also have been a handicap for our observers. In fact, Schreiber et al. [23] have dem- 
onstrated that the clinical history improve interpretations of radiographs. Our readers were blinded to the clinical 
information to limit the influence on detection of radiographic lesions diagnosis. Understanding of clinical sce- 
narios could take primacy over the ability of the observer to detect elementary lesions and set radiological diag- 
nosis [24]. 

The intra-reader’s agreement for accurate detection of cavitations ranged from poor to moderate for the pul- 
monologist, and from poor to mediocre for the radiologist. But cavitations had the best accurate detection in R1 
and R2, a significant impact of the grid on intra-reader’s agreement and no significant impact of grid on in- 
ter-reader’s agreement. It is therefore possible that observers did not detect between the two reading sessions, 
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the same caverns on the same picture. While the grid has improved the overall accuracy of detection, it did not 
significantly improve the concordance of the detection. Balabanova et al. [5] had found a moderate intra-read- 
er’s agreement for both the pulmonologist and the radiologist. The intra-reader agreement for accurate detection 
of adenomegaly was poor to moderate for the radiologist and poor to excellent for the pulmonologist. Other au-
thors such as Shinsaku et al. [6] and Graham et al. [10] obtained best matches in the same reader for the detec-
tion of adenomegaly. 

Our study has some limitations such as the small number of some lesions, which precluded our ability to ap- 
ply more advanced statistical method for assessing the improvement in diagnostic capability such as the net rec- 
lassification improvement. However, the distribution of anomalies and diagnosis, as well as readers, reflect the 
routine practice scenario in this setting. Unlike other studies where only a sample of readers and radiographs 
were selected to study the intra-reader’s variability, in our study all the six observers participated in two reading 
sessions and interpreted the same number of radiographs for each session. The interval between two reading 
sessions was long enough (2 months) to avoid image-memory effect on the second interpretation. After the text 
edit has been completed, the paper is ready for the template. Duplicate the template file by using the Save As 
command, and use the naming convention prescribed by your journal for the name of your paper. In this newly 
created file, highlight all of the contents and import your prepared text file. You are now ready to style your pa- 
per. 

5. Conclusion 

Standardized interpretation grid has a potential for improving the detection of common lesions and diagnosis of 
the most prevalent pulmonary diseases on chest X-ray in this setting. However, further validation by indepen-
dent investigators is needed to confirm our finding. Furthermore, implementation studies are needed to confirm 
the acceptability of interpretation grids by healthcare practitioner in routine setting, and to identify the best 
strate- gies for promoting the uptake of the grids. 
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Appendix 

Interpretation grid for CXR in adults 
Reader’ code: ….……… Qualification of reader………………Radiograph’ code: …………. 
Interpretation 
1) Is this radiograph normal?    yes            No   
2) If yes, go to item number 4 to conclude; If no continue? 
a) Parenchymal lesions 
 

Alveolar consolidation Parenchymal mass Fibrous lesion Atelectasis/Collaps Lung volume reduction 

No R L 

   
 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

Lung cavity Reticular image Micronodules/Miliary Macronodules Complete destruction of 
lung parenchyma 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

Honeycomb image Mycetoma/aspergilloma Emphysema Bronchiectasis Bronchial wall thickening 
No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

 

b) mediastinal lesions Cardiomegaly  

Yes  No 

  
 

 
Mediastinal mass Pleural effusion Attraction of mediastinum Mediastnum pushed away Hilar ADP 

No  Ant  Mid  Post 
    

 

Yes  No 
  

 

No R  L  

   
 

No R  L  

   
 

No R  L  

   
 

 
c) pleural Lesions 
 

Thickening small fissure Blunting costo-phrenic angle Pleural effusion 
Y
es 

N
o 

  
 

No R L 

   
 

No R L 

   
 

No R L 

   
 

Pleural thickening Pneumoperitoneum Pleural calcification 

 No R L 

   
 

No R L 

   
 

No R L 

   
 

 
3) Other lesion: 
 

4) Diagnosis: 
Another diagnosis /comment (specify): 

Normal PID Tuberculosis Cancer Other Don’t 
know 

      
 

 

N.B. No lesion Right lung left lung 
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