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Abstract  For improving interoperability of medical information, health level 7 has initiated the 
development of a next-generation framework for the exchange of medical information called the Fast 
health interoperability resources (FHIR). However, there was no attempt to exchange the medical 
three-dimensional (3D) image with clinical data via FHIR. Thus, we designed a new method. The 3D 
image to be made from computed tomography was converted to the javascript object notation (JSON) 
file format, and clinical data was added. We made a test FHIR server, and the client used the postman. 
The JSON file was attached to the body, and was then transmitted. The transmitted 3D image could be 
seen through a web browser, and attached clinical data was identified in the source code. This is the 
first attempt to exchange the medical 3D image. Additional researches will be needed to develop 
applications or FHIR resources that apply this method.
Key Words : Health level seven, three-dimensional image, informatics, health information exchange, 

medical image

요  약  의료 정보의 상호운용성 향상을 위해서 Health level 7은 의료 정보 교환을 위한 차세대 체계인 Fast health 
interoperability resource (FHIR)를 개발하였다. 그러나, 이를 이용하여 임상 정보를 포함한 3차원 의료 영상을 교환
하려는 시도는 없어 새로운 방법을 제시하고자 한다. CT 영상에서 만들어진 3차원 의료 영상을 javascript object 
notation (JSON) 형식으로 전환하고, 임상 정보를 추가하였다. 우리는 시험용 FHIR 서버를 만들고, 클라이언트는 
postman을 사용하였다. 생성된 JSON 파일은 body에 첨부하여 전송되었다. JSON 형식으로 전송된 3차원 의료 영상
은 웹 브라우저를 통해서 볼 수 있었고, 원시 코드를 확인하여 동봉된 임상 정보를 볼 수 있었다. 우리는 3차원 의료 
영상 교환을 최초로 시행하였다. 이 방법을 적용한 앱이나 FHIR 리소스 개발을 위해 추가적인 연구가 필요할 것이다.
주제어 : Health level 7, 3차원 영상, 정보학, 의료 정보 교환, 의료 영상
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1. Introduction 
Recently, two-dimensional (2D) images from 

computed tomography (CT) or magnetic 
resonance image (MRI) have been reconstructed 
into three-dimensional (3D) images, which are 
often useful in the medical field. Medical 3D 
images can help during preoperative 
planning[1,2]. And, it can also help patients 
understand their illness[3]. More importantly, 
medical 3D images enable the production of 
customized implants using a 3D printer, resulting 
in better surgical results[4-6].

Electronic health records (EHRs) are widely 
used around the world[7]. However, there is no 
standard system, and these records cannot be 
exchanged[8]. Thus, the medical costs increase 
owing to overlapping examinations, and it is 
difficult to collect big data for research[7]. To 
this end, health level 7 (HL7) has initiated the 
development of a next-generation framework for 
the exchange of medical information called the 
Fast Health Interoperability Resources (FHIR)[9]. 
The HL7 FHIR can be used for patient health 
records (PHRs) as well as exchanging EHRs 
among hospitals[10]. PHRs are to allow patients 
to make and manage their health records[10].

HL7 FHIR organizes and exchanges medical 
information in resource units[11]. These 
resources also include information related to 
medical imaging. However, the resource for 
medical 3D imaging has not yet been configured. 
FHIR supports new web standard, such as 
extensible markup language (XML) or javascript 
object notation (JSON)[9]. XML and JSON file 
formats can show not only 2D images but also 
3D images in the web browser without any 
software. Using this, it is expected that medical 
3D images can be exchanged through this 
standard. In addition, if clinical data are added 
through one of these medical 3D images, it will 
be easier for healthcare staffs or patients who 
receive these images to understand the patient’s 

illness. Therefore, in this study, we designed a way 
to exchange medical 3D images through FHIR.

2. Methods
2.1 Preparation of the medical 3D image

Fig. 1. The medical three-dimensional image reconstructed
by Mimics software is converted from the 
stereolithography file format to the javascript 
object notation file format through Blender 
software

To study the exchange of medical 3D images 
via FHIR, we tested it with a 20-year-old woman. 
The diagnosis was fracture-dislocation of 
thoracolumbar spine. We gained axial CT images 
of the thoracolumbar spine with the digital 
imaging and communications in medicine 
(DICOM) file format. To make the 3D image of 
the fractured spine, we used the Materialise 
Mimics version 20 (Materialise Co., Leuven, 
Belgium) to edit and convert the 3D image to the 
stereolithography (STL) file format. After opening 
the Materialise Mimics, we imported the DICOM 
files of the patient in detail and ran the 
“thresholding” function by selecting the “bone” 
option. This would automatically select the area 
between 226 and 3071 Hounsfield units on all 
DICOM files. When the mask corresponding to 
the bone was created, we selected the function 
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“Calculate 3D” to create a 3D model of the 
thoracolumbar spine from the CT scans. The 
generated 3D image was then converted into the 
STL format Fig 1.

2.2 Converting the medical 3D image to 
    JSON format and adding clinical data

Fig. 2. The format of the 3-dimensional image in three.js

Fig. 3. The source code of the javascript object 
notation file of the three dimensional image

We used the blender version 2.6.5 (Blender 
Foundation, Amsterdam, Netherlands) to convert 
the edited medical 3D images from STL format 

into JSON format Fig 1. The JSON file format for 
the 3D model was used by the format defined by three.js, 
a kind of the Javascript library (https://threejs.org). The 
format of 3D data in three.js is shown in Fig 2. An example 
of the actual data is shown in Fig 3.

We added clinical data to a JSON file 
converted in Blender using a text editor. The 
clinical data added include the International 
Statistical Classification of Diseases and Related 
Health Problems (ICD) 10 code, Systematized 
Nomenclature of Medicine (SNOMED) code, 
model name, age and sex Fig. 4.

Fig. 4. Adding clinical data in the javascript object 
notation file of the three-dimensional image

2.3 Transmission of data
We made a test FHIR server to confirm the 

transmission of the medical 3D image with 
clinical data using FHIR. We used .NET core 
(Microsoft co., Seattle, USA) for the platform in 
2019. The server was programmed to visualize 
the medical 3D image with clinical data, parse 
the data, and return some part to the client. The 
web site was hosted on the AZURE cloud service 
(Microsoft co., Seattle, USA) for testing. The client 
used the postman (https://github.com/postmanlabs/ 
Fig. 4. The function for the data transfer used 
“Post”. The data transmission format was set to 
“JSON”. The contents of the previously created 
JSON file were attached to the body and was 
then transmitted. The data returned were the 
clinical data and vertices array data Fig. 5.
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Fig. 5. The data returned after transmission. Clinical 
data and vertices array data was returned

3. Results
The medical 3D image transmitted under the 

JSON file could be seen through a web browser 
Fig. 6. When we viewed the source code of this 
page, we could see that the attached clinical data 
was transmitted Fig. 7.

Fig. 6. The javascript object notation file sent via fast 
health interoperability resources shown in web 
browser

Fig. 7. The source code of the transferred 
three-dimensional image file. If the F12 
button was pressed, the source code 
included clinical data was shown

4. Discussion
The HL7 FHIR is an improvement the helps 

leverage lightweight web services and principles 
of the newest web and mobile development[10]. 
The basic organization of HL7 FHIR is a 
resource, and all the health and related data 
elements are organized as resources[10]. FHIR 
resources are classified as follows: clinical, 
financial, specialized, base, and foundation[10]. 
Imaging study is included in clinical resources 
and related with a DICOM imaging study[13]. To 
the best of our knowledge, this paper is the first 
study that exchanges medical 3D image via FHIR 
irrelevantly to DICOM format.

Transmission of healthcare information 
through FHIR is possible only with 2D data such 
as text, numbers and graphs. This study shows 
that transmission of healthcare information via 
FHIR is also possible in 3D images. In particular, 
the advantage of this method is that it can be 
implemented in a general web browser 
environment without any other dedicated 
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application. Medical 3D images from MR or CT 
scanners can also be viewed in the DICOM file 
format. Scanned Images can be reconstructed in 
3D with the software provided by CT or MR 
scanners, and reconstructed 3D images can be 
saved as the DICOM file format[14]. Thus, we can 
see medical 3D images in the DICOM format 
without converting them to 3D related formats 
such as STL files. However, DICOM files require 
a separate application, which slows down 
performance and takes longer time.

In this study, we added additional clinical data 
when exchanging the medical 3D image, which is 
a general scenario in the real clinical setting. In 
the DICOM file format used to view medical 
images, various information related to imaging 
and clinical information were included in the 
header[15]. Since this information is included, it 
can be helpful not only to display medical 
images but also to interpret the images to 
medical staffs who view such images. With help 
of FHIR, we were able to send clinical data while 
simultaneously exchanging the medical 3D 
image. Including important information in the 
exchanged image will be more helpful for the 
medical staff who interpret the image. In 
addition, through the FHIR, healthcare 
information can be exchanged to the patient. 
Including clinical data can help the patient 
better understand their own medical 3D image. 
Applying this method will help to improve the 
function of exchanging EHRs and PHRs.

However, this study has some limitations. First, 
medical 3D images need to be converted. 3D 
images have several formats depending on their 
purpose. A software could be provided to 
successfully extract a 3D image and convert data 
to the JSON format, and all these processes can 
be implemented through a picture archiving and 
communicating system software. However, in the 
process of converting these files to the JSON 
format, loss of information can occur. Our 
method was to try to transfer, not to create a 

perfect application or a FHIR resource. 
Therefore, additional development is required to 
actually apply it.

5. Conclusion
We have presented a new method of 

transmitting the medical 3D image with clinical 
data using FHIR, and the 3D image was 
transmitted successfully. This is the first attempt 
as far as we know. This process will increase staff 
and patients’ understanding of the disease when 
transmitting healthcare information. Additional 
researches will be needed to develop 
applications or FHIR resources that apply this 
method.
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