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Summary 
Objectives: Radiology reports are typically 
made in narrative form; this is a barrier to the 
implementation of advanced applications for 
data analysis or a decision support. We devel-
oped a system that generates structured re-
ports for chest x-ray radiography. 
Methods: Based on analyzing existing re-
ports, we determined the fundamental sen-
tence structure of findings as compositions of 
procedure, region, finding, and diagnosis. We 
categorized the observation objects into lung, 
mediastinum, bone, soft tissue, and pleura 
and chest wall. The terms of region, finding, 
and diagnosis were associated with each 
other. We expressed the terms and the re-
lations between the terms using a resource 
description framework (RDF) and developed a 
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reporting system based on it. The system 
shows a list of terms in each category, and 
modifiers can be entered using templates that 
are linked to each term. This system guides 
users to select terms by highlighting associ-
ated terms. Fifty chest x-rays with abnormal 
findings were interpreted by five radiologists 
and reports were made either by the system or 
by the free-text method. 
Results: The system decreased the time 
needed to make a report by 12.5% compared 
with the free-text method, and the sentences 
generated by the system were well concord-
ant with those made by free-text method 
(F-measure = 90%). The results of the ques-
tionnaire showed that our system is appli-
cable to radiology reports of chest x-rays in 
daily clinical practice.  
Conclusions: The method of generating 
structured reports for chest x-rays was feas-
ible, because it generated almost concordant 
reports in shorter time compared with the 
free-text method. 

1. Introduction 
In recent years, electronic medical record 
systems and PACS (picture archiving and 
communication system) have been imple-
mented in many hospitals. In such a com-

puterized hospital, a physician requests a 
radiology examination for the patient by a 
computerized order entry system. The pa-
tient information is transferred to a radiol-
ogy information system. A radiological 
technologist then takes some images ac-

cording to the order and sends the image 
data to a PACS server. A radiologist re -
trieves the images from the PACS server by 
a viewer system and makes radiology re-
ports by using a reporting system, which 
can be seen by the physician who placed the 
order (�Fig. 1). 

X-ray findings and diagnoses are so di-
verse that radiologists usually enter their 
reports in free-text with or without speech 
recognition technology [1]. However, re-
ports in free-text cannot be processed by 
machine, and secondary uses of the entered 
data are therefore difficult [2]. Recent 
studies have shown that structured reports 
have potential benefits for research, edu-
cation, and diagnosis [3–7] by improving 
searching, storage, and semantic interoper-
ability. In the field of radiology reporting, 
the importance of structured reporting has 
also been acknowledged. The Digital Im-
aging and Communications in Medicine 
(DICOM) Structured reporting (SR) was 
presented in Supplement 23 of the 2000 
edition of the DICOM standard. Several 
studies have suggested that the DICOM SR 
might be feasible and useful [8–13]. Also, 
the Radiological Society of North America 
(RSNA) is building a radiological lexicon 
(RadLex), a controlled terminology of 
standardized terms used in radiology 
[14–16]. RadLex can be the foundation of 
such a system generating structured report. 

To generate a structured report, struc-
tured data entry is one of the methods 
where predefined structure and vocabulary 
are used at the time of data entry [17]. 
However, structured data entry is not yet 
commonly used. Because efficiency in daily 
clinical practice has priority over the 
requirements for research and decision 
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support, medical staff rejects structured 
data entry if it takes more time than con-
ventional free-text entry [18, 19].  

Natural language processing (NLP) is 
another solution [20, 21] for extraction of 
structured data from radiology free-text re-
ports. In the field of radiology reports, the 
success of automatic structuring of English 
texts by NLP in thoracic CT and x-ray re-
ports has been reported with accuracy rates 
over 70% [22, 23]. Also, Dang showed sub-
stantial differences between the extraction 
rates of positive findings for different im-
aging modalities ranging from 23.1% 
(mammography) to 85.1% (nuclear medi-
cine) [24]. NLP in Japanese is exceedingly 
difficult because terms have to be extracted 
from continuing letter strings [25]. 

Recent work has focused on extracting 
medical knowledge using ontology [26, 
27]. Baneyx has generated various types of 
medical ontologies based on terminology 
extraction from texts using NLP [28]. 
However, the systems described in these 
papers which use extracted knowledge by 
NLP are not widely used at present. 

For structured reports in Japanese, 
structured data entry is thought to be more 
practical than NLP. However, in order to 
succeed in structured data entry, it should 
take equal or shorter time to make a suffi-
cient report compared with free-text typ-
ing. In this study, we propose a method of 
generating structured reports for chest 
radiography in which the sentences are 
generated by selecting candidate terms. We 
initially constructed an information model 
in the domain of radiology reports for chest 
x-rays [29], which was described in the 
 Resource Description Framework (RDF) 
[30–32]. RDF is recommended for pre -
senting metadata in World Wide Web Con-
sortium (W3C). RDF Object-Attribute-
Value triples form the basis of RDF, which 
can be serialized as the eXtensible Markup 
Language (XML) and represent relation-
ships [33, 34].  

We developed a reporting system for 
chest radiography based on the informa-
tion model. This system was intended to be 
used in Japan, so the terms in the system 
were presented in Japanese. Selection from 
a list of candidate terms is not easy because 
a user has to select from a list of many terms 
in radiology reports. To overcome this 

problem, we narrowed the candidate terms 
in the list according to the terms already se-
lected by a user. After selecting terms, the 
system uses them to generate a narrative 
sentence. At the same time, the system also 
outputs a structured report in RDF. In this 
paper, we describe the details of the system 
and the information model constructed for 
it, and also the results of an evaluation of 
the system. 

2. Methods 

2.1 Construction of Information 
Model for Chest Reports 

We created an information model by man-
ually extracting terms and sentences from 
1200 de-identified chest x-ray reports 
made in Osaka University Hospital. These 
reports had been typed into a free-text-
based reporting system, without gener-
ated-dictation/transcription and speech 
recognition. 

Radiology reports of x-rays typically 
consisted of lists of descriptions about ob-
servation objects and a summary. The ob-
servation objects in chest x-rays could be 

categorized into lung, mediastinum, bone, 
soft tissue, and pleura and chest wall. Sen-
tences regarding an object in a report 
 typically consisted of the concepts of pro-
cedure, region, finding, and diagnosis. 
Among these, region and finding were es-
sential. The description of region was typi-
cally composed of basic region, side, and 
other modifiers. The description of finding 
was typically composed of characters and 
modifiers. The terms of diagnosis were 
often followed by a modification of uncer-
tainty, such as “is suspected” or a negation 
such as “is denied”.  

There were associations among the 
terms for region, finding, and diagnosis. 
Some combinations of terms were com-
mon, while others were impossible. We 
asked a chest x-ray radiography specialist 
about the probability of each combination 
of a term for region and a term for finding, 
as well as a term for finding and a term for 
diagnosis. For each possible combination 
of terms for region, finding, and diagnosis, 
the specialist provided the probability. The 
probabilities were categorized into “fre-
quent”, “possible”, and “impossible”. 

The terms for procedure, region, find-
ing, and diagnosis were extracted from re-

Fig. 1 The operation of x-ray radiology reports in a radiology department. A radiologist retrieves im-
ages from PACS server by an image viewer. After reading the images, radiology reports are input by 
using a reporting system, which are sent to the report server then seen by the physician.  
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ports made at Osaka University Hospital as 
well as from textbooks of chest x-ray inter-
pretation. After the process of eliminating 
synonyms, we made a controlled vocabu-
lary for chest x-ray radiology reports.  

We first constructed an information 
model which had two hub nodes – the 
 inspection node and the report findings 
node, as shown in the schema in �Figure 2. 
The inspection node is linked by properties 
such as “dc:creator”, “inspection:id”, and 
 “inspection:modality”. The report findings 
node is linked by the property “rdf:type” 
to the nodes “reporting:sentence” and 
“reporting:basic” and by the property 
“reporting:category” to the node “category 
of observation objects”. The report finding 
node is also linked to the nodes for pro-
cedure, region, finding, and diagnosis. These 
links  compose  the  backbone  of  a  sentence  
in the report. The nodes for procedure, 
 region, and finding are linked to the nodes 
    of their modifiers by the properties of 
“reporting:prefix” and “reporting: suffix”. 

The information model was expressed 
using RDF. The representative portion of 
the description regarding “region”, “find-
ing”, and “diagnosis” is shown in �Figure 3. 
It presents the term “upper lung field” in 
the region node which is linked by the 
properties of prefix and suffix to its modi-
fiers such as “right”, “left”, and “peripheral 
zone”. The term “linear opacity” in the find-
ing node is similarly linked to its modifiers, 
such as “fine”, “slight”, and “many”. 

The “frequent” and “possible” com-
binations of terms for region, finding, and 
diagnosis are also expressed by the RDF. 
For example, the combinations of a) “linear 
opacity” for finding, b) “upper lung field” 
for region, and c) “discoid atelectasis” for 
diagnosis is “frequent”. The combinations 
of “a” and “b” with “sequestration”, “lung 
edema”, “inflammatory change”, “lym -
phangitis carcinomatosis”, or “cardiac 
 insufficiency” for diagnosis are all “pos -
sible”. 

Sentences in reports are composed of 
procedure prefix (modifier before pro-
cedure), procedure, region prefix (modifier 
before region), region, region suffix (modi-
fier after region), finding prefix (modifier 
before finding), finding, and diagnosis. 
There are a number of predefined terms in 
procedure, region, finding, and diagnosis 
in lung, mediastinum, bone, soft tissue, and 
pleura and chest wall categories in chest 
x-rays. There are more such terms for the 
lung and mediastinum categories than for 
the bone, soft tissue, and pleura and chest 
wall categories.  

2.2 Development of a Prototype 
Reporting System 

We developed a prototype reporting system 
based on the constructed information 
model (�Fig. 4). The program was devel-
oped using Java 2 Standard edition 
(J2SE1.4.2) with Eclipse RCP 3.2 [35], 

Fig. 2 The information model in the domain of chest x-ray radiology reports. An oval represents a resource, a rectangle represents a literal, and an arrow 
represents a property. The upper left hub node is “inspection”, and is linked by the properties of essential information. The center hub node is “report find-
ings”, and is linked by the properties of report information. 
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using Eclipse Graph Editing Framework 
(GEF) [36]. We used Jena to handle the 
RDF, which was linked with PostgreSQL 
[37] as a database management system. 

The information model described by 
the RDF was parsed by Jena [38] and the 
terms and the relationships among them 
were stored into the database. The interface 
for selecting terms to generate reports was 
linked to the database via Jena. The system 
showed a window that presented candidate 
terms retrieved from the database by Jena. 
Users could add a term to the correspond-
ing class, which was expressed by the RDF 

and stored in the database via Jena. Reports 
made by selecting terms were also ex -
pressed by the RDF and stored in the data-
base by the same method. When a term was 
selected by a user, “frequent” or “possible” 
subsequent terms were highlighted accord-
ing to the probability of the combinations 
of the selected term and candidate terms. 
The probability data were drawn directly 
from the database. 

The OS of the client PC was Windows 
XP. That of the server was Fedora core 6. 

2.3 System Operation 

When a patient is selected from the patient 
list, the initial window opens and displays 
the category list (lung, mediastinum, bone, 
soft tissue, pleura and chest wall), the list of 
frequent phrases, and the list of summary 
phrases. To enter detailed findings, one of 
the categories is selected. The term selec-
tion window for the selected category is 
opened, and displays the list of terms for 
procedure, region, finding, and diagnosis 
(�Fig. 5). The user selects terms in these 
nodes to generate a sentence in a report. 
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Fig. 3 An example of RDF expression regarding configurational structure. The example shows “upper lung field” in region, and its prefixes and suffixes; 
“linear opacity” in finding, and its prefixes; and “interstitial pneumonia” and “discoid atelectasis” in diagnosis in the category of “lung”. 
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The term for procedure was sometimes 
omitted. If modifiers need to be added to a 
term, an input template for modifiers is 
opened. After selecting terms, the system 
creates a narrative sentence by composing 
the terms as an interpretation result. 
Examples of composed narrative sentences 
in Japanese are shown in �Figure 6. Users 
can select a sentence from the list of fre-
quent and summary phrases. If plural find-
ings are observed, users repeat this pro-
cedure. After completing the report, nar-
rative data is sent to the report system, and 
at the same time the structured data pre -
sented in RDF is stored. 

To aid users in selecting a term from 
many candidates, the system guides users 
by highlighting the possible terms. For 

Fig. 4  
System architecture. 
The information 
model described by 
the RDF was parsed 
by Jena and the 
terms and the rela-
tionships among 
them were stored 
into PostgreSQL. The 
system showed the 
graphical user inter-
face and graph 
 editing using each 
Eclipse RCP and 
Eclipse Graph Editing 
Framework (GEF). 

Fig. 5 Example of the reporting system screen. This term selection window 
opens after selecting a category in main screen. In actual system, the terms 
are written in Japanese, which are translated into English for this paper. After 
selection of lung in category, this window presents the lists of procedure, re-
gion, finding, and diagnosis. When “upper lung field” is selected in region 

and “linear opacity” is selected in finding, “discoid atelectasis” is distinctly 
highlighted in diagnosis. When “upper lung field” is selected, the input tem-
plate for its modifiers appears to prompt the user to enter detailed region in-
formation. After selecting these terms, a narrative radiology report is gener-
ated in the interpretation results field (lower fields).  
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example, when a user selects “upper lung 
field” for region and “linear opacity” for 
finding, the system highlights “discoid 
atelectasis”, “sequestration”, “lung edema”, 
“inflammatory change”, “lymphangitis car-
cinomatosis”, and “cardiac insufficiency” as 
possible diagnosis terms. Among these 
 possible terms, “discoid atelectasis” is pre -
sented in a different color, indicating that it 
is more likely than the others. When a user 
first selects “discoid atelectasis” as the diag-
nosis, “linear opacity”, “funicular opacity”, 
and “consolidation opacity” are high -
lighted for “finding”. The highlighting is 

 according to the data of probability of com-
bination of terms drawn directly from the 
database. If a term that a user wants to enter 
is not included in the list, the user can enter 
the term in the textbox. The terms added by 
a user can be available for making reports 
from then. 

2.4 System Evaluation 

To evaluate the feasibility of this term selec-
tion method, five radiologists made radiol-
ogy reports of chest x-rays using both the 

system and the free-text typing. The radiol-
ogists had the following experience: “A” was 
a first year radiologist; “B” was a fifth year 
abdominal radiologist with little experi-
ence in chest x-ray interpretation; “C” was a 
fifth year chest radiologist; “D” was a 
seventh year nuclear medicine specialist 
with little experience in chest x-ray inter-
pretation; and “E” was a seventh year chest 
radiologist. Each of them interpreted 50 
chest x-rays with abnormal findings and 
made radiology reports by using our sys-
tem. After a 10-day interval, the radi -
ologists interpreted the same chest x-rays 
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Fig. 6 Example of composing a narrative sentence in Japanese by term se-
lection method. After a user selects terms, the system composes sentences by 
filling the elements in the prepared sentence templates. The elements consist 
of procedure prefix, procedure, region prefix, region, region suffix, finding 
prefix, finding, and diagnosis. All elements are optional. If an element is not 
filled, the postpositional particle is also not shown. A prefix or a suffix is en-

closed within parenthesis { }, and a skeletal element (procedure, region, find-
ing and diagnosis) is enclosed within parenthesis [ ]. The first line shows nar-
rative sentences in Japanese composed by the system. The second line shows 
the sentence template. Selected terms are underlined with arrows pointing 
to the corresponding elements in the template. The fourth and the third lines 
are the English translation of the first and the second lines, respectively.  
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and reported by free-text typing. The same 
50 x-rays in the same assignment of im -
 age were used in both experiments. We 
measured the time to generate a report 
from opening the input window to com-
pleting it.  

We compared the sentences in the re-
ports made by the two methods. We 
measured the concordance of sentences by 
using F-measure method [39, 40]. A sen-
tence was separated into phrases about 
 procedure, region, finding, diagnosis and 
other. If the meaning of a phrase in a sen-
tence generated by the term selection 
method was concordant with the cor-
responding phrase in that by free-text 
method, the phrase was counted as “true 
positive”. If a phrase in a sentence generated 
by free-text typing did not exist in a sen-
tence generated by term selection method, 
or if the meaning of it was different from 
that of the corresponding phrase in the sen-
tence by the term selection method, then it 
was counted as “false negative”. Conversely, 
if a phrase in a sentence generated by the 
term selection method did not exist in a 
sentence by free-text method, or the mean-
ing of it was different from the correspond-
ing one by free-text method, it was counted 
as “false positive”. F-measure was calculated 
as follows: 
 
  
 
 
 
To evaluate the sufficiency of the candidate 
terms displayed according to the informa-
tion model, we counted the number of 
terms added to the system by the radiolo-
gists because the terms they wanted to use 
did not exist in the list. 

Finally, we provided a questionnaire in-
cluding 14 questions in four categories: 
overall assessment; screen layout, flow, and 
ease of operation; number of terms and fa-
cility of selection; and system performance 
(�Table 1). Four points were allotted to 
each item: 0 for negative, 2 for neutral, and 
4 for positive. After reporting by both the 
system and free-text method, the radiolo-
gists answered the questionnaire. They 
were informed about the content of the 
questionnaire before performing the ex-
periment.  

2.5 Statistical Analysis  

All values are expressed as mean ± standard 
error of the mean (SEM). Statistical com-
parison of input time by the free-text 
method and by the term selection method 
was performed by repeated measures of 
two-way ANOVA using SPSS with signifi-
cance defined as P <  0.05. 

3. Results 

3.1 System Evaluation 

The time to generate a report by free-text 
was 68 ± 4.6 sec. On the other hand, the 
time by our term selection method was 
59 ± 4.8 sec, which was significantly short-
er than the free-text method (P <  0.05). 
This method shortened the time to gener-
ate reports by 12.5% compared with the 
free-text method (�Fig. 7, �Table 2). In -
dividually, input time was shorter for radi-
ologists A, D, and E, while it was slightly 
longer for radiologists B and C. 

The time it took to generate a report in 
the first half of reports and the second half 
of reports by the term selection method 
were 61 ± 8.5 and 57 ± 3.7 sec, respectively. 
Those by free-text typing were 67 ± 11 and 
69 ± 7.5 sec., respectively. 

Each radiologist made 283 ± 15 phrases 
in 50 reports (5.7 ± 0.3 phrases per report) 
by using the term selection method and 260 
± 11 phrases in 50 reports (5.2 ± 0.2 phrases 
per report) by free-text typing. The num -
ber of concordant phrases (“true positive”) 
in the reports by both methods was 243 ± 
11 in 50 reports. The number of phrases 
which only existed in the reports by free-
text typing was 17 ± 2.2 in 50 reports. The 
number of phrases which only existed in 
the reports by the term selection method 
was 40 ± 9.6 in 50 reports. The F-measure 
was 90 ± 1.9 %.  

We analyzed the 86 phrases which only 
existed in the manually typed reports. 
Forty of the 86 phrases (47 %) were modi-
fiers half of which could be entered by 
the term selection method. Thirty-six of 
the 86 phrases (42%) were frequently used 
phrases such as “dilatation of heart” and 
“aortic elongation”, etc. They also could be 
entered by the term selection method. One 

diagnosis was different between the two re-
ports. The diagnosis in the report by term 
selection method was correct.  

The number of terms added by the 
 respective radiologists was 7.2 ± 1.4 for 
making the 50 reports.  

The results of the questionnaire are 
shown in �Table 1. The average scores for 
each category were as follows (0 = negative, 
2 = neutral, 4 = positive): 2.4 ± 0.4 for over-
all assessment, 3.1 ± 0.4 for screen design, 
flow, and ease of operation, 2.5 ± 0.1 for 
number of terms and facility of selection, 
and 2.0 ± 0.5 for system performance. 

4. Discussion 

Our method shortened the time to generate 
reports by 12.5% compared with the free-
text method. The time to generate a report 
in the second half of the reports was short-
ened from that in the first half of them. On 
the other hand, no significant difference 
was found between the time to generate a 
report in the first and the second half of the 
reports by the free-text typing. Thus if the 
radiologists had done practices before the 
experiments, the time to generate a report 
by our method would be shortened even 
more. The number of phrases entered for 
reporting by the term selection method was 
much more than that by free-text typing. 
The F-measure value was 90 ± 1.9 %, indi-
cating the phrases generated by our system 
were reasonably concordant with those 
made by free-text typing. In F-measure 
value, a phrase in the report by the term se-
lection method which did not exist in the 
report by free-text typing was counted as 
false positive. However, the phrase was not 
actually “false”. For example, diagnosis was 
sometimes missing in free-text typing. The 
term selection method prevented this. 
Thus the actual appropriateness of the re-
port by the term selection method was 
thought to be more than the appropriate-
ness measured by F-measure value. These 
results demonstrated that our method did 
not take more time than the conventional 
way even though the entered information 
was not significantly different between the 
two. 

There were some phrases which existed 
only in the reports generated by free-text 
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typing. Most of them were modifiers of the 
basic terms. However, most of the modi-
fiers were predefined in this system. In the 
latter, although the basic term can be se-
lected easily, additional clicks are needed 
for entering the modifier. This was the rea-
son why the system frequently lacked 
modifiers. The frequent phrases of “dila-
tation of heart” and “aortic elongation” 
were also often omitted in the report by 
term selection method. These findings 
were common abnormal findings in chest 
x-ray radiography, but not the main ones in 
the tested radiographies. The radiologists 
might feel bothered entering these minor 
findings by several clicks.  

In the evaluation method, we set a 
10-day interval between the experiments to 

erase memories in the radiologists. How-
ever, the radiologists might recall the im-
ages in the second experiment because the 
x-ray images were assigned in the same 
order in both experiments. This factor fa-
vored the time to generate reports by free-
text typing. On the other hand, the experi-
ence of using the system also might be for-
gotten. This factor might affect the results 
of the questionnaire. 

The results of the questionnaire showed 
that the score of overall assessment was 
over neutral (score: 2.4 ± 0.4). One item 
whose score was under neutral was the 
question about whether the users could 
enter what they would like to write for find-
ings (score: 1.8 ± 0.5). This shows the es-
sential weakness of term selection methods 

for reporting. Users can add any terms to 
the system and can add comments to the re-
ports. Although users can enter what they 
want to write for findings, users would feel 
bothered if they need to add terms to the 
system each time while making report. The 
answers to the question about the prefer-
ence for making reports were divided: Two 
radiologists preferred to use this system 
rather than the free-text typing, and other 
two preferred to use the free-text typing 
(score: 2.2 ± 0.6). Most of them, however, 
were interested in this system (score: 3.2 ± 
0.4). The number of terms and their ex-
pression were satisfactory (score: 3.2 ± 0.2), 
and the radiologists did not think that se-
lection of terms from the lists was difficult 
(score: 2.4 ± 0.2). They were quite satisfied 
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Question       

1.  Total assessment 

Are you interested in this reporting system? Not interested 0 1 2 3 

Could you enter what you would like to write for findings? Dissatisfied 0 1 2 3 

Which do you prefer for making reports? Free-text 0 1 2 3 

Average 

Were you satisfied with the screen layout and flow? Dissatisfied 0 1 2 3 

Did you feel learning the system was easy? Very difficult 0 1 2 3 

Could you operate this system easily and smoothly? Very difficult 0 1 2 3 

Average 

Were you satisfied with the number of prepared terms?  Dissatisfied 0 1 2 3 

Could you easily find the term you wished to enter? Very difficult 0 1 2 3 

Were the frequent phrases or summary phrases useful? Quite useless 0 1 2 3 

Did you feel it was useful to select category initially? Quite useless 0 1 2 3 

 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Did you feel it was useful to select prefix and suffix by template? 

Was the guide function that highlighted candidate terms useful? 

Average 

Were you satisfied with the performance of the system? 

Average 

Quite useless 

Quite useless 

Dissatisfied 

0 

0 

0 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

 

Very interested  

Very satisfied 

This method 

Very satisfied 

Very easy 

Very easy 

Very satisfied 

Very easy 

Very useful 

Very useful 

Very useful 

Very useful 

Very satisfied 

Score 

3.2 ± 0.4 

1.8 ± 0.5 

2.2 ± 0.6 

2.4 ± 0.4 

3.2 ± 0.2 

3.6 ± 0.2 

2.4 ± 0.2 

3.1 ± 0.4 

3.2 ± 0.2 

2.4 ± 0.2 

2.4 ± 0.2 

2.2 ± 0.4 

2.8 ± 0.2 

2.2 ± 0.4 

2.5 ± 0.1 

2.0 ± 0.5 

2.0 ± 0.5 

2.  Screen layout, flow, and ease of operation 

4. System performance 

3. Number of terms and family of selection 

Did you feel it was useful to select terms from the lists of region, 
finding, and diagnosis? 

Quite useless 0 1 2 3 4 Very useful 2.6 ± 0.5

Table 1 The questions and results of the questionnaire. We provided a questionnaire including 14 questions in four categories: overall assessment; screen 
layout, flow, and ease of operation; number of terms and facility of selection; and system performance. Four points were allotted to each item: 0 for negative, 
2 for neutral, and 4 for positive. After reporting by both the system and free-text method, the radiologists answered the questionnaire. 
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Radiologist Input time (sec) Concordance score 

Free-text Term 
 selection  

true positive 
(number of 
phrases existing 
in both system  / 
50 reports) 

false negative 
(number of 
phrases existing 
only in free- 
text  / 
50 reports) 

false positive 
(number of 
phrases existing 
only in term 
 selection  / 
50 reports) 

F-measure (%) 

A 86 ± 5.2 58 ± 3.3 244 24 77 83 

B 66 ± 4.6 74 ± 6.0 270 16 29 92  

C 42 ± 2.1 51 ± 4.7 219 14 23 92  

D 89 ± 5.4 70 ± 6.3 265 12 33 92  

E 58 ± 2.9 44 ± 4.0 218 20 39 88  

Average 68 ± 4.6 59 ± 4.8 243 ± 11 17 ± 2.2 40 ± 9.6 90 ± 1.9 

Number of 
terms added  / 
50 reports 

8 

7 

5 

12 

4 

7.2 ± 1.4

Table 2 Results of system evaluation in comparison of the free-text 
method (Free) and the term selection method (Term). Time to generate a re-
port by the free-text method and by the term selection method by each radi-
ologist is presented. The number of phrases existing in the reports generated 
by both systems (true positive), the number of phrases existing only in the re-
ports generated by the free-text method (false negative), the number of 

Fig. 7 Comparison of input time of the free-text method (Free) and the 
term selection method (Term). Dots indicate the time to generate a report. 
Lines indicate average time for 50 reports. The experience of each radiologist 
was as follows; A was a first year radiologist, B was a fifth year abdominal ra-
diologist with rare experience in chest x-ray interpretation, C was a fifth year 

with the arrangement of the terms. (score: 
3.2 ± 0.2). These results show that making 
reports by this system was not more trouble-
some than by free-text method. Up to now 
structured data entry has been seen to be 
time-consuming, thus unacceptable in daily 
clinical practice even though it is beneficial 
for research or decision support. But our 
system is applicable to radiology reports of 
chest x-rays in daily clinical practice and it 
rather shortened the time to enter reports 
comparing with free-text typing.  

The system particularly benefited radi-
ologists who did not have significant ex-
perience in interpreting chest x-rays, as the 
time to generate reports was shortened and 
the concordance scores were high. The 
guide function for term selection also 
works as decision support, because when a 
user selects region and finding, the system 
shows candidate diagnoses. This function 
may be helpful for beginning radiologists 
or doctors who are not radiologists. In one 
case radiologist A issued an incorrect diag-

nostic statement in the free-text typing 
 scenario but his diagnosis was correct using 
the term selection method.  

The system may become well-accepted 
for each user after a certain period of usage, 
because terms that users wish to use can be 
added by themselves and the system ac-
quires the frequency of combination of 
terms from the stored generated reports. 
This amendment function was not evalu-
ated in this study.  

chest radiologist, D was a seventh year nuclear medicine specialist with rare 
experience in chest x-ray interpretation, E was a seventh year chest radiolo-
gist. The time using the term selection method was shorter than that using 
the free-text method for radiologists A, D, and E.  

phrases existing only in the reports generated by the term selection method 
(false positive) in 50 reports and the value of F-measure in each radiologist 
are shown in the middle column of this table. The number of terms added to 
the system by each radiologist is shown in the last column. The identification 
of radiologists corresponds to those in Figure 7.
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This study was based on a Japanese lexi-
con (controlled vocabulary). We compared 
the terms in our lexicon with those in 
 RadLex. Fifteen percent of the terms in our 
lexicon were not included in RadLex, show-
ing that the lexicon in Japanese is different 
from that in English even in the domain of 
radiology reports. Procedure, region, and 
diagnosis in our lexicon were well matched. 
The observation objects of bone, soft tis-
sue, pleura and chest wall were well 
matched also. However, some terms of 
finding (imaging observation character -
istic) in lung and mediastinum could not 
be correlated with RadLex terms because 
they weren’t defined in the 2.1 version of 
RadLex. These terms were categorized into 
Visual Feature in the reports. We believe 
that the maintenance of RadLex terminol-
ogy is essential.  

This system is applicable to a radiology 
report of chest x-ray, because it is com -
posed of simple sentences. CT or MRI re-
ports, however, tend to be more compli-
cated, especially when describing tumors. 
The information model adopted in this 
 system should be revised for these compli-
cated reports and a more advanced system 
is required. 

Our system allows a radiologist to gen-
erate a structured report at a detailed level. 
The structured report can be used as a 
means of indexing to facilitate image re-
trieval, which will allow similar images to 
the image being diagnosed to be retrieved 
from databases according to the reports. 
The reports of other advanced examina-
tions such as CT for the same patient will be 
helpful for diagnosis. Such collections of 
similar images will also contribute to the 
education of radiographic interpretation. 
Furthermore, a clinical decision support 
system will able to interpret the reports 
made by our system in order to extract cer-
tain problems of a patient (e.g. suspect of 
interstitial pneumonitis).  

This system will also enhance the po-
tential for standardized reporting. By using 
this system, the terms necessary for radiol-
ogy reports can be collected automatically, 
which will be helpful to build a standard 
lexicon. Although the structured reports 
output from our system are not a standard 
form, it is not difficult to transform it to 
the DICOM SR or Clinical Document 

Architecture in Health Level 7 formats 
[41–43]. 

6. Conclusions 

In order to realize structured reporting, we 
developed a system that generates radiol-
ogy reports for chest radiography by a term 
selection method. We constructed an infor-
mation model for it and categorized five 
observation objects. Modifiers could be en-
tered using templates linked to each term. 
The system could guide users to select 
terms by highlighting associated terms. 
This method decreased the time to generate 
reports, and the sentences made by this sys-
tem were well concordant with those by the 
free-text method. The results of the ques-
tionnaire showed that our system is appli-
cable to radiology reports of chest x-rays in 
daily clinical practice. These results dem-
onstrated that this method was feasible for 
generating structured reports. 
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