
 

 

BONELOGIC® RELEASE 2.0  
IFU VERSION 9.0 
Copyright © Disior Ltd. All rights reserved. 

 

  

Bonelogic®   2.0  

 
INSTRUCTIONS FOR USE 
IFU VERSION 13.0 April 2021 

 

      

   

  



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  1 

 

   

Contents 
Introduction ............................................................................................................................................ 4 

Intended use ....................................................................................................................................... 4 

Indications for use ............................................................................................................................... 4 

Hardware specification ....................................................................................................................... 4 

System configuration .............................................................................................................................. 4 

Local workstation operations .............................................................................................................. 5 

Cloud environment operations ........................................................................................................... 5 

Imaging data quality requirements ......................................................................................................... 5 

Version and updates ............................................................................................................................... 6 

Workflow ................................................................................................................................................ 6 

How to get started .............................................................................................................................. 6 

Installation and first use ...................................................................................................................... 6 

Step 1: Start here .................................................................................................................................... 7 

LOAD DICOM OR OPEN CASE .............................................................................................................. 7 

DICOM METADATA ......................................................................................................................... 7 

Step 2: Marking of the bones ................................................................................................................ 11 

MARK THE BONES ............................................................................................................................. 11 

Step 3: Analysis ..................................................................................................................................... 24 

ANALYZE ............................................................................................................................................ 24 

RESULTS ................................................................................................................................................ 25 

MEASUREMENTS ............................................................................................................................... 25 

PROJECTION IMAGES ........................................................................................................................ 27 

DISPLAY OPTIONS & ANALYZED MODELS ......................................................................................... 28 

DICOM VERSUS ANALYZED MODELS ................................................................................................. 30 

Additional options ................................................................................................................................. 31 

SAVE CASE & SAVE REPORT .............................................................................................................. 31 

HELP ...................................................................................................................................................... 32 

ABOUT ............................................................................................................................................... 32 

REPORT AN ISSUE .............................................................................................................................. 33 

SEND IMAGE FOR ANALYSIS .............................................................................................................. 34 



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  2 

 

Cybersecurity ........................................................................................................................................ 35 

OS patching ....................................................................................................................................... 35 

Regulation and standards ..................................................................................................................... 35 

Distributors and maintenance .............................................................................................................. 36 

CE marking ............................................................................................................................................ 36 

GMDN ................................................................................................................................................... 36 

Code and name ................................................................................................................................. 36 

Definition .......................................................................................................................................... 36 

Software architecture ........................................................................................................................... 36 

Errors and warnings .............................................................................................................................. 38 

Error messages .................................................................................................................................. 38 

Image availability .......................................................................................................................... 38 

Analysis failure .............................................................................................................................. 38 

License availability ........................................................................................................................ 38 

Warning messages ............................................................................................................................ 38 

Image quality ................................................................................................................................. 38 

Limited field of view ...................................................................................................................... 38 

Landmark location ......................................................................................................................... 38 

Informative messages ....................................................................................................................... 38 

Informative message example ...................................................................................................... 39 

Symbols used ........................................................................................................................................ 40 

Residual risk .......................................................................................................................................... 41 

Registration failure ............................................................................................................................ 41 

Registration inaccuracy ..................................................................................................................... 41 

Measurements .................................................................................................................................. 41 

Appendices ............................................................................................................................................ 42 

Appendix 1- Installation guide .......................................................................................................... 42 

Introduction .................................................................................................................................. 42 

Installation and first use ................................................................................................................ 42 

System configuration .................................................................................................................... 43 

Version and updates ..................................................................................................................... 43 

Licensing ........................................................................................................................................ 43 



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  3 

 

Continuity and recovery ................................................................................................................ 43 

Uninstallation ................................................................................................................................ 44 

Application verification and Log Files ............................................................................................ 44 

Connection to cloud ...................................................................................................................... 44 

Data management ......................................................................................................................... 44 

Software architecture ................................................................................................................... 44 

IP address ...................................................................................................................................... 45 

Connecting the Bonelogic® software as DICOM sender/receiver .................................................. 45 

SSH tunnel specification ................................................................................................................ 45 

Analysis server (cloud computing server) ..................................................................................... 46 

Linking of computed analysis result to the original image ............................................................ 46 

Data processing elements ............................................................................................................. 46 

Data flow description .................................................................................................................... 48 

Appendix 2 – Release notes .............................................................................................................. 51 

Release notes for Bonelogic 2.0.0 ................................................................................................. 51 

Overview of the software .............................................................................................................. 51 

Purpose ......................................................................................................................................... 51 

New software features and enhancements in this release ........................................................... 51 

Installation notes ........................................................................................................................... 52 

Support .......................................................................................................................................... 52 

Disclaimer ...................................................................................................................................... 52 

Contact .......................................................................................................................................... 52 

Appendix 3 – Measurement definitions ............................................................................................ 53 

 

  



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  4 

 

Introduction 
This User Guide describes the functionality of the Bonelogic® software manufactured by Disior Oy 
(Ltd.) and provides instructions how to use it. 

Intended use 

Bonelogic® software is intended to be used by specialized medical practitioners to assist in the 
characterization of human anatomy with three-dimensional (3D) visualization and specific 
measurements. The medical imaging modalities intended to be used in the software are computed 
tomography (CT) images, cone beam computed tomography (CBCT) images and weight-bearing cone 
beam CT (WBCT) images. 

The intended patient population is adults over 16 years of age. 

Indications for use 

Bonelogic software contains the measurement template with a set of distance and angular measures. 
The measurements can be used for diagnostic purposes. The three dimensional (3D) models are 
displayed and can be manipulated in the software. Together, the information from the 
measurements and the 3D visualization can be used for treatment planning in the field of 
orthopedics (foot and ankle, and hand and wrist). The 3D models can be outputted from the 
software for traditional or additive manufacturing. The physical models generated based on the 3D 
digital models are not intended for diagnostic use. 

Hardware specification 

The minimum requirements are: 

Computer : Desktop or Laptop PC 

Processor (CPU) : Intel i5, Intel i7 or Intel Xeon 

Graphics card (GPU) : Dedicated Graphics Card with 1 GB of Memory 

Memory : 16 GB RAM 

Hard drive : 50 GB 

Operating system (OS) : Windows 10 

Display : Full HD (1920×1080 px) 

Internet connection : 10 Mbit/s 

(Optional) Intranet (PACS) : 100 Mbit/s 

System configuration 
Bonelogic® software consists of the following two modules:  

1. Local workstation: User interface with pre- and postprocessing functionalities. 
2. Cloud environment: Analysis solutions also known as the “Solver”. 
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Local workstation operations 

The user controls pre-processing including the imaging data management, postprocessing and 
visualization, in a local workstation. Connection to Disior cloud service is required: 

— Internet connection to Disior Cloud (IP 192.89.29.230, port 3693) 

Cloud environment operations 

After the image data has been preprocessed and visualized in the local user interface (local 
workstation), and the solver and analyzer starting parameters have been set, the solver and the 
analyzer files are sent to Cloud for computing using a secure connection (SSH).  

When the computations are ready, the results are returned to the user’s local workstation where 
they can be read in, post-processed and visualized. 

Imaging data quality requirements 
Bonelogic® accepts computed tomography imaging data (CT), typically cone beam computed 
tomography (CBCT) imaging data is used. The software is not designed for the use of magnetic 
resonance imaging (MRI) data. The visualization of the image data and the output representations 
are based on the data quality and resolution of the original image data set (DICOM file). Image data 
set should be scanned using hard reconstruction kernels. The effective slice thickness should be less 
than 1 mm. Some DICOM images are not suitable for 3D rendering, due to missing data. Make sure 
you select the optimal DICOM image for this purpose, and that no data is missing from the data set. 

In case of poor image contrast, missing bones from the image, too low portions of bones visible in 
the image, artefacts e.g. from metallic structures in the image, fractured bones in the image, or other 
image related defects or inaccuracies, the results can be inaccurate. 

For CBCT imaging, the optimum imaging parameters are as follows: 

Standard protocol for imaging 

400 projections 

No filtering 

Voxel size: 0.4 × 0.4 × 0.4 mm3 

Tube voltage: 96 kV (KVP, Peak kilo voltage output of the X-Ray generator used) 

Tube current: 6.3 mA (X-Ray Tube Current in mA) 

Pulse length: 20 ms 

In all cases, the medical practitioners using the software, should use their professional expertise in 
judging the results accuracy and compare the results against original DICOM data. For assistance and 
help, please contact Disior. 
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Version and updates 
The user can see the version of the Bonelogic® software at any time. Disior is responsible for all 
updates for the Bonelogic® software. The customer will be informed about the update need and the 
level of urgency. The software also automatically informs the users of the updates available. The 
customer is responsible for the updates of the operating system and the utility programs as 
appropriate. 

 

Caution: Federal law (USA) restricts this device to sale by or on the order of a 
physician. 

Workflow 
The main purpose of the software is the characterization of human anatomy with 3D visualization 
and specific measurements. The medical image modalities intended to be used in the software are 
computed tomography (CT) images, cone beam computed tomography (CBCT) images and weight-
bearing cone beam CT (WBCT) images. 

 
Bonelogic® software does not support the usage of magnetic resonance (MRI) images. 

How to get started 

To start using the software, you will need to: 

1. Define the computer for installation, run Disior ID Generator program provided by Disior and 
send the generated ID by e-mail to Disior. In addition, inform Disior for the email address(es) 
of the user(s) and request user account activation. 

2. Receive the installation file and SSH key file from Disior. 

Installation and first use 

The installation link will ask you to ‘Run’ or ‘Save’ the file. Choose ‘Save’ and follow the instructions.  

Open the installer file. Select ‘Run’, ‘Yes’, ‘Next’, ‘Install’ and ‘Finish’ to the questions and accept the 
license agreement. For detailed instructions of Bonelogic® software installation, please see Appendix 
1 or contact the Disior software distributor or Disior directly. 

Your software is now ready for use. At first start, the software will prompt to import SSH key (if not 
pre-installed) and change the temporary user password provided by Disior. 

 
 

The analysis results provided in the software shall be subject to careful expert 
assessment. The user is responsible of the adequate evaluation of the results. 

 

The physical models generated based on the 3D digital models are not intended for 
diagnostic use. 
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Step 1: Start here 

LOAD DICOM OR OPEN CASE 

To get started, open the program on your workstation. Login with your user account and choose your Bonelogic® program. Load the DICOM image you want for 
analysis or start working on a previously saved case. You can also load a folder with multiple DICOM series and then select the file from the list generated in 
Bonelogic®. In case of a very large amount of data, the loading can take several minutes. The program works with standard DICOM images. 

 

DICOM METADATA 

PATIENT NAME PATIENT ID COMMENTS 

   

STUDY ID ACCESSION NUMBER STUDY DATE STUDY TIME STUDY DESCRIPTION 

     

SERIES NAME SERIES DATE SERIES TIME IMAGE TYPE MODALITY SERIES DESCRIPTION 
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Press ‘LOAD’ to open the image and to create the ‘3D MODEL’. 
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An initial 3D render of the DICOM data will be displayed. Examples are shown for two different anatomical regions: 

1) Foot and ankle 

  

You can change the rendering by moving the ‘BONE THRESHOLD’ slider and clicking ‘RECREATE 3D MODEL’. 
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2) Hand and wrist 
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Step 2: Marking of the bones 

MARK THE BONES 

Mark the bones to be included in the analysis using the marking tool – ‘START MARKING’. 

The following bones can be selected in the: 

 

1) Foot and ankle 

o TIBIA o 1ST PROXIMAL PHALANX 
o FIBULA o 2ND PROXIMAL PHALANX 
o TALUS o 3RD PROXIMAL PHALANX 
o CALCANEUS o 4TH PROXIMAL PHALANX 
o NAVICULAR o 5TH PROXIMAL PHALANX 
o CUBOID o 1ST SESAMOID 
o MEDIAL CUNEIFORM o 2ND SESAMOID 
o INTERMEDIATE CUNEIFORM o OTHER 
o LATERAL CUNEIFORM   
o 1ST METATARSAL   
o 2ND METATARSAL   
o 3RD METATARSAL   
o 4TH METATARSAL   
o 5TH METATARSAL   

 

 

2) Hand and wrist  
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For paired anatomical features the laterality of the study must be selected before marking the bones. 
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1) Bone marking examples for the foot and ankle 

 

 

First select the laterality ‘LEFT’ or ‘RIGHT’. 
Then click the desired bone (TIBIA) as shown (RED) in the small auxiliary model on the left side. 
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A dot with corresponding color (RED) is shown with the bone tag (TIBIA). 
Next bone (FIBULA) is shown with a different color (VIOLET). 
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2) Bone marking examples for the hand and wrist  

 

 

First select the laterality ‘LEFT’ or ‘RIGHT’. 
Click the desired bone (RADIUS) as shown (RED) in the small auxiliary model on the left side. 



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  16 

 

 

 

 

A dot with corresponding color (RED) is shown with the bone tag (RADIUS). 
Next bone (ULNA) is shown with a different color (YELLOW). 
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Select all bones to be included in the analysis. Obviously, bones that are not visible cannot be selected. Use the ‘ZOOM’ and ‘PAN’ icons on the bottom of the 
graphics screen to position the model for the selection. The right mouse button deactivates the manipulation tool and the model may be rotated by pressing and 
holding the left mouse button and moving the mouse.  

 

 

Example for the foot and ankle  
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Example for the hand and wrist 
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To edit the bone marking open or close the selection dialogue by clicking ˅ (OPEN) or ˄ (CLOSE). You can then ‘CLEAR’ and reselect each bone. This works the same 
across the anatomical areas. 

 

 

Example for the foot and ankle 
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In cases where the imaging data covers a large anatomical area (for example, bones not included in the ‘MARK THE BONES’ list, CBCT or CT of the extremities that 
include extended sections of the tibia/fibula or radius/ulna) you must mark them as ‘OTHER’ to avoid segmentation errors or analysis failure. You mark them as 
‘OTHER’ by opening the selection dialogue by clicking ˅ (OPEN) and selecting ‘OTHER’ and marking these excess areas. 

 

 

Example for the foot and ankle, featuring longer tibia, fibula and distal phalanges.  
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Alternatively, bones can be segmented automatically by using ‘RUN SEGMENTATION’ 

 
 

 

Use ˅ (OPEN) or ˄ (CLOSE) for segmentation start button. 

Example for the foot and ankle  
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The segmentation result is shown in the graphics screen. The colors indicate each bone. You can choose to go back to ‘Step 2: Marking of the bones’ and place 
more color dots on the bone where excessive color leakage to neighboring bone has occurred. 

 

 

Example of segmentation result for the foot and ankle  



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  23 

 

 

Example of segmentation result for the hand and wrist  
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Step 3: Analysis 

ANALYZE 

When all bones have been marked, click ‘RUN ANALYZER’ to carry out the analysis. For paired anatomical features, the ‘LEFT’ or ‘RIGHT’ state must be confirmed. 

 

 
Before the analysis is started you must select the correct laterality. 

Example for the hand and wrist  
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RESULTS 

MEASUREMENTS 

After the analyzer is finished, the results are shown on the ‘RESULTS’ sheet next to the ‘3D VIEW’ sheet. A synthetic X-ray projection and a refined 3D model are 
also generated and shown on the ‘RESULTS’ sheet. 

 

Example for the foot and ankle 



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  26 

 

 

 

Example for the hand and wrist 

Projection 

3D model 

Measurements 



   

BONELOGIC® RELEASE 2.0  
IFU VERSION 13.0 
Copyright © Disior Ltd. All rights reserved.  27 

 

PROJECTION IMAGES 

You may adjust the X-ray projection settings directly from the left panel. To show an enlarged projection image, select ‘PROJECTION IMAGES’ under the X-ray 
projection settings on the left panel. This allows you to view the patient image from a pre-set projection view under ‘IMAGES’. 

 

Example for the foot and ankle 
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DISPLAY OPTIONS & ANALYZED MODELS 

On the ‘3D VIEW’ sheet click ‘DISPLAY OPTIONS’ to view the 3D render, the DICOM plane or the analyzed 3D models. Individual bone models can be switched on or 
off in the ‘ANALYSED MODEL’ pane.  

 

Example for the foot and ankle  
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Example for the hand and wrist 
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DICOM VERSUS ANALYZED MODELS 

For all supported anatomies, the DICOM can be used to validate the analyzed 3D model. On ’3D VIEW’ sheet, the refined 3D model can be viewed against DICOM 
data using 2D slice plane. Use the left-hand side controls to move the slice plane, to change between axial, coronal, and sagittal views, or to switch the model’s 
transparent side. Contours can be applied to highlight the boundary of the 3D model at the slice level by using ‘SHOW CONTOURS’. 

 

Example for the foot and ankle 
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Additional options 

SAVE CASE & SAVE REPORT 

The analysis case can be saved (SAVE CASE) in Disior proprietary format (.DFCASE) and the measurements (SAVE REPORT) in PDF format. 
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HELP 

ABOUT 

  

In case of any problems, please contact Disior support via e-mail support@disior.com or using 
Help view of the software. By clicking ‘REPORT AN ISSUE’ you are able to send an issue report. By 
clicking ‘SEND IMAGE FOR ANALYSIS’ you are able to send the image for Disior analysis.  
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REPORT AN ISSUE 

 

Please fill the required fields and send the report by clicking ‘SEND REPORT’. Alternatively you 
may save the log file or a work folder to your computer and send it by email to Disior (to 
support@disior.com). 
Please do not include sensitive data (e.g. identifiable patient data) within the description field. 
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SEND IMAGE FOR ANALYSIS 

 

 

Please fill the email address and optionally provide description of the image prior sending the 
image for analysis by clicking ‘SEND IMAGE’. 
Please do not include sensitive data (e.g. identifiable patient data) within the description field. 
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Cybersecurity 
User authentication and access control – Windows authentication (Microsoft authentication 

technologies). 

Channel encryption – Secure Shell (SSH) cryptographic network protocol for operating network 

services. 

Data encryption – The data at rest is encrypted for all application data. This can be achieved by using 

storage technologies which support the latest encryption standards and provide sufficient prevention 

against physical or virus/malware intrusion. Bonelogic(R) software is not bound to a particular 

technology or vendor. 

Anti-virus policy – All computers where Bonelogic(R) software is installed should have an anti-virus 

program running. 

Firewall – The local IT firewall configuration should allow the following traffic on workstations where 

Bonelogic(R) software is installed. 

Purpose : Destination 

DICOM (query & retrieve) : PACS server 

Windows authentication : Domain controller 

Access shared network drive : Network file share 

OS patching 

There are no known issues with the Windows OS patches. The default update policy of the local site 

IT applies. 

Regulation and standards 
Bonelogic(R) software has been designed to comply the following standards: 

Standard: 

EN ISO 14971 Medical devices – Application of risk management to medical devices 

EN 62304 Medical device software – Software life cycle processes 

EN 62366-1 Medical devices – Part 1: Application of usability engineering to medical devices 

provides safety to the patient, users and others 

EN ISO 15223-1 Medical devices – Symbols to be used with medical device labels, labelling and 

information to be supplied. Part 1: General requirements 

EN ISO 14155 Clinical investigation of medical devices for human subjects. Good clinical 

practice 
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Distributors and maintenance 
For feedback related to the Bonelogic® product, please contact: 

Manufacturer: Disior Oy (Ltd.) 
Maria 01, Building 2, 
Lapinlahdenkatu 16, 
00180 Helsinki, FINLAND 
Telephone: +358 50 483 6433 
www.disior.com  
support@disior.com   

CE marking 
Bonelogic® software is a Class IIb medical device in the European Union complying the applicable 

requirements of the Medical Device Directive (93/42/EEC Amended by Directive 2007/47/EC). 

 

GMDN 

Code and name 

50484 CAD/CAM software 

Definition 

A software program intended to provide computer-aided design (CAD) or computer-aided 

manufacturing (CAM) functionality for the production of patient-specific custom-made devices (e.g., 

orthopaedic implants, dental devices, anatomical models), treatment planning, simulation, and/or 

robotic capabilities for device production (e.g. 3D printing). 

Software architecture 
Bonelogic® software pre-processing and visualization module is installed to local desktop or laptop 

workstation. Numerical computations are provided as cloud service. 

1. DICOM data, local workstation 

a. DICOM image is loaded to Bonelogic® software 

b. Raw pixel data is separated from the DICOM data and saved in binary format 

c. No patient information or other DICOM information is stored 

2. Pre-processing and visualizations, local workstation 

a. 3D-model and 2D-representation are shown on screen 

b. User defines solver parameters and starts computations 

3. File upload to cloud, local workstation 
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a. Raw pixel data and user defined parameters are sent to cloud service using SSH 

connection 

b. SSH connection is secured with a password/key file combination 

4. Computations, cloud service 

a. Cloud solver calculates analysis models and measurements 

b. Results are saved as numeric data  

c. Result models are created in STL format 

d. Pixel data is deleted 

e. Measurement results can be used for diagnostic purposes 

5. Result presentation, local workstation 

a. Numeric results and STL files are downloaded via SSH connection 

b. Results are shown on the graphics screen for examination 
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Errors and warnings 

Error messages 

The software issues an error message in three potentially hazardous situations: image availability, 

analysis failure and software license availability. In all these three error situations, the user should 

seek alternative methods for the analysis and contact Disior support (support@disior.com). 

Image availability 

 
ERROR: IMAGE IS UNAVAILABLE (EMPTY OR CORRUPTED), CONTACT DISIOR SUPPORT. 

Analysis failure 

 
ERROR: ANALYSIS FAILED; RESULTS ARE NOT AVAILABLE, CONTACT DISIOR SUPPORT. 

License availability 

 
ERROR: SOFTWARE LICENSE IS UNAVAILABLE, CONTACT DISIOR SUPPORT. 

Warning messages 

In a case of a poor image quality and possible measurement inaccuracies the software issues warning 

messages. Poor image quality warning message is given if the DICOM attributes (e.g. Pixel Spacing, 

Slice Thickness and Pixel Aspect Ratio) are substandard. The limited field of view warning message is 

given if the field of view of a specified bone is limited and may be causing uncertainties in 

measurements. The landmark location warning message is issued if there is a possible deviation in 

landmark location leading to uncertainties in measurements. These warnings appear as below, where 

“bone name” is a place holder for the exact bone that has triggered the warning. 

Image quality 

 
WARNING: POOR QUALITY IMAGE. 

Limited field of view 

 

WARNING: PORTION OF “BONE NAME” VISIBLE IN THE IMAGE IS NOT SUFFICIENT FOR 

MEASUREMENT. 

Landmark location 

 
WARNING: MEASUREMENTS OF “BONE NAME” POINTS MAY BE INACCURATE 

Informative messages 

Additionally, informative messages may appear during the operation of the software. These 

messages are aimed to offer relevant information on the computations, the results and the 

availability of the software. 
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Informative message example 

 
SOFTWARE LICENSE HAS EXPIRED, CONTACT DISIOR SUPPORT. 
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Symbols used 

Symbol Regulation/Standard Symbol meaning 

 

Medical Devices Directive 

93/42/EEC 

CE marking indicates that a product complies with 

applicable European Union regulations. 

 

EN ISO 15223-1:2016 

Manufacturer 

Indicates the medical device manufacturer. 

 

EN ISO 15223-1:2016 

Consult instructions for use 

Indicates the need for the user to consult the 

instructions for use. 

 

EN ISO 15223-1:2016 

Caution 

Indicates the need for the user to consult the 

instructions for use for important information such as 

warnings and cautions. 

 

N/A Error symbol in software to indicate a potentially 

hazardous situation. 

 

N/A Warning symbol in software to indicate a potentially 

hazardous situation. 

 

N/A Information symbol in software to indicate further 

information on a potentially hazardous situation. 

℞ Only 
21 CFR 801.109 Caution: Federal law (USA) restricts this device to sale 

by or on the order of a physician. 
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Residual risk 
There are three residual risks remaining in the software: 1) registration failure, 2) registration 

inaccuracy, and 3) measurements. 

Registration failure 

When this type of error occurs, the user is notified and encouraged to seek an alternative method for 

patient diagnosis and treatment planning  

Registration inaccuracy 

Small registration inaccuracies are unlikely to impact measurements. If there are major mismatches 

between the patient DICOM image and the 3D model, the user will easily detect the geometrical 

nonconformities. At this point the user should seek an alternative method for the diagnosis and the 

treatment planning.  

Measurements 

The measurement accuracy is directly related to registration accuracy, as above. 
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Appendices 

Appendix 1- Installation guide 

Disior Bonelogic® Software Installation 
and Configuration 
Introduction 

This is the installation and configuration guide for Bonelogic® software manufactured by Disior Oy. 

Intended use 

Bonelogic® software is intended to be used by specialized medical practitioners to assist in the 

characterization of human anatomy with three-dimensional (3D) visualization and specific 

measurements. The medical imaging modalities intended to be used in the software are computed 

tomography (CT) images, cone beam computed tomography (CBCT) images and weight-bearing cone 

beam CT (WBCT) images. 

The intended patient population is adults over 16 years of age. 

Indications for use 

Bonelogic software contains the measurement template with a set of distance and angular measures. 

The measurements can be used for diagnostic purposes. The three dimensional (3D) models are 

displayed and can be manipulated in the software. Together, the information from the 

measurements and the 3D visualization can be used for treatment planning in the field of 

orthopedics (foot and ankle, and hand and wrist). The 3D models can be outputted from the 

software for traditional or additive manufacturing. The physical models generated based on the 3D 

digital models are not intended for diagnostic use. 

Installation and first use 

In case of pre-installed software in the imaging device, follow the instructions of the imaging device 

provider. 

To start using the software, you will need to: 

1. Define the computer for installation, run Disior ID Generator program provided by Disior and 

send the generated ID by e-mail to Disior. In addition, inform Disior for the email address(es) 

of the user(s) and request user account activation. 

2. Disior will send you the installation file and SSH key. 

3. The installation link asks you to ‘Run’ or ‘Save’ the file. Choose ‘Save’ and follow the 

instructions. 

4. Open the installation application. Select ‘OK’, ‘Run’ or ‘Next’ to all questions. 

5. Open the Bonelogic software. At the first start, the software will prompt to import SSH key (if 

not pre-installed). 
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6. If the user account has temporary password provided by Disior, change the password as 

requested by the software. 

System configuration 

Bonelogic® software consists of the following two modules:  

1. Local workstation: User interface with pre- and postprocessing functionalities. 

2. Cloud environment: Analysis solution. 

Local workstation operations 

The user controls pre-processing including the imaging data management, postprocessing and 

visualization, in a local workstation. The specification for workstation is as follows: 

— Standard Laptop or Desktop PC with Windows 10  
— 16 GB RAM  
— Dedicated Graphics Cards with 1 GB of memory 
— Minimum 50 GB Hard Drive 
— Internet connection to Disior Cloud (IP 192.89.29.230, port 3693) 

Cloud environment operations 

After the image data has been preprocessed and visualized in the local user interface (local 

workstation), and the analyzer starting parameters have been set, the analyzer files are sent to Cloud 

for computing using a secure connection (SSH).  

When the computations are ready, the results are returned to the user’s local workstation where 

they can be read in, post-processed and visualized. 

Version and updates 

The user can see the version of the Bonelogic® software at any time. Disior is responsible for all 

updates for the Bonelogic® software. The customer will be informed about the update need and the 

level of urgency. The software also automatically informs the users of the updates available. The 

customer is responsible for the updates of the operating system and the utility programs as 

appropriate. 

Licensing 

Bonelogic® software license is workstation specific an attached to the specific identification of the 

workstation. Licensing is done during installation process. User access to the workstations is 

controlled by the customer. 

Continuity and recovery 

In case of possible software error situation, the software needs to be re-started. The software is not 

storing any databases or records, so no back up storage or similar is in use for any data. All data from 

the software is stored either locally to the workstation or to other data storage systems controlled by 

the customer. For the cloud computing system, Disior has a backup system ready to be taken into use 

if interruptions or errors occurs. Disior has built an automatic monitoring system for the cloud 

computing performance.  
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Uninstallation 

In case the user wants to remove the software from the client workstation, it can be done through 

“Uninstall” function within Windows 10 “Settings” “Apps and Features”. As the software is not 

creating or maintaining databases, there is no need to uninstall or delete databases from the client 

workstation. Also license deactivation shall make the software unavailable in the client workstation. 

Application verification and Log Files 

The software installed to the local workstation is storing log files to monitor its’ technical 

performance. The log files can be used to track error situations. The log files are stored as 

“Player.log” in the local application data (AppData) folder. Similarly, cloud computing related 

technical log files are stored in the cloud as “Solver_log.txt”. Separate log file is generated for every 

instance. 

Connection to cloud 

Bonelogic® software has a cloud connection. The cloud computer is hosting the analysis solution. The 

user controls the pre-processing including the imaging data management, in a local workstation. 

After the image data has been preprocessed and visualized in local workstation, the analyzer files are 

sent to Cloud for computing using a secure connection (SSH). The analyzer files include a) voxel data 

that is extracted and compressed from the original DICOM and b) information on patient coordinate 

system from the imaging data. For clarity, no patient information or other sensitive DICOM tag 

information is included in the analysis files. When the computations are ready, the results are 

returned to the user’s local workstation where they can be read in, post-processed and visualized. 

Data management 

Illustration of the Bonelogic® software architecture and listed functionalities is below. The software is 

not creating, storing, or maintaining databases. Updating and maintenance of the software is done 

through local workstation user interface. 

Software architecture 

Bonelogic® software pre-processing and visualization module is installed to local desktop or laptop 

workstation. Numerical computations are provided as cloud service. 

1. DICOM data, local workstation 
a. DICOM image is loaded to Bonelogic® software 
b. Raw image data is separated from the DICOM data and saved in binary format 
c. No patient information or other DICOM information is stored 

2. Pre-processing and visualizations, local workstation 

a. 3D-model and 2D-representation are shown on screen 
b. User defines solver parameters and starts computations 

3. File upload to cloud, local workstation 

a. Raw image data and user defined parameters are sent to cloud service using SSH 
connection 

b. SSH connection is secured with a password/key file combination 

4. Computations, cloud service 
a. Cloud solver calculates analysis models and measurements 
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b. Results are saved as numeric data  
c. Result models are created in STL format 
d. Image data is deleted 
e. Measurement results can be used for diagnostic purposes 

5. Result presentation, local workstation 

a. Numeric results and STL files are downloaded via SSH connection 
b. Results are shown on the graphics screen for examination 

 

IP address 

The IP address to the Disior cloud is 192.89.29.230. The server listens on port 3693. 

Connecting the Bonelogic® software as DICOM sender/receiver 

The Bonelogic® software can act as DICOM receiver to receive imaging data. Respectively, the 

Bonelogic® software can act as DICOM sender for sending data. The settings for DICOM 

sending/receiving functionality are defined in the software during installation. The needed 

information includes inbound and outbound connection specifications. 

Inbound connection: port for the workstation with Disior installation,” run DICOM server on startup” 

ticked on. 

Outbound connection:  Outbound IP and port for the workstation/server with PACS service, remote 

AE title for PACS  

SSH tunnel specification 

The SSH tunnel is created for license verification when client software is started. After verification, 

the tunnel is closed. SSH tunnel is opened again when the calculation request is initiated from the 

client software. SSH tunnel is open throughout the analysis time and closes after results download. 

Client software creates the SSH using ssh.net software library. 

The username and key file used to establish the connection can be client specific. The key file is 

stored in the workstation in the installation folder and the password is inside the software code 

resulting in key-based authentication. 

Workstations connected with SSH are identified by the system and the system is storing a logfile for 

the SSH connections. SSH connection can be restricted based on IP address.  

Service port 3693 is not acting as SSH service port directly, it is used to route the traffic to the SSH 

server port. SSH connection is defined to have basic user rights (not admin or root rights) on the 

server. The amount of subsequent connection attempts is restricted against “brute force attacks”. 

The SSH server is protected by mitigation with port encryption and user configuration. 

SSHWORKSTATION CLOUD SERVICE
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Data transfer is done using SFTP protocol. 

Analysis server (cloud computing server) 

The analysis server specification: 

— The server used for the analysis calculation is physically located in Finland. 
— A separate instance is formed for each analysis calculation. 
— The computing resource port TCP/1194 has VPN service. 
— The server is protected by Windows firewalls and anti-virus. 
— SSH is in same server as analysis calculations. 
— Server Operating system is Windows 10.  

Linking of computed analysis result to the original image 

When DICOM data is opened in the client program, a timestamp and the file structure is created. This 

information is used to link the analysis result back to the image file after analysis results is sent back 

to the client program. 

Data processing elements 

Element 1: DISIOR in hospital internal network 
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Element 2: DISIOR Cloud connection 

 

 

Element 3: DISIOR Cloud 
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Data flow description 

Step 1: License check 

 

 

Step 2: Image study send from PACS 
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Step 3: DICOM Image handling in client workstation 

 

 

Step 4: Analysis in DISIOR cloud 
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Step 5: Save and exit 
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Appendix 2 – Release notes 

Release notes for Bonelogic 2.0.0  

This document contains the release notes for Bonelogic 2.0.0, a major software revision for Bonegic 

1.0.   

Release number 2.0.0 

Release date November 2nd, 2020 

Notes date January 25th, 2021 

Notes version  0.3 

Overview of the software 

Bonelogic® 2.0 software is intended to be used by specialized medical practitioners to assist in the 

characterization of foot and ankle, and hand and wrist anatomies with 3D visualization and specific 

measurements. The medical image modalities intended to be used in the software are computed 

tomography (CT) images, cone beam computed tomography (CBCT) images and weight-bearing cone 

beam CT (WBCT) images. 

The release has been tested with following hardware: 

— Standard Laptop or Desktop PC with Windows 10  

— 16 GB RAM 

— Dedicated Graphics Cards with 1 GB of memory 

— Minimum 50 GB Hard Drive space 

— Internet connection to Disior Cloud (IP 192.89.29.230, port 3693 open) 

Purpose 

This is the second Bonelogic software release with CE certification. The features included in the 

software release are: 

1) Open DICOM 
2) Open Existing case 
3) Select bones 
4) Segment 
5) Analyze 
6) View results 
7) Exit 
8) User Help 

New software features and enhancements in this release 

Added measurements in template foot and ankle: 

— Calcaneal Inclination angle 

— Hindfoot axes angle 

— Talar horizontal inclination angle 

 

Improved accuracy developed for measurement in template foot and ankle: 
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— Lateral Talocalcaneal coverage 

Added measurement template for hand and wrist. 

User interface related updates: 

— Multiple studies and series of the same patient can now be received using the DICOM Server  

— Fix to menu panel overlapping with certain aspect ratios and resolutions 

Installation notes 

Bonelogic 2.0 is a standalone software. Uninstallation of earlier Bonelogic software versions is not 

part of the installation process of Bonelogic 2.0. Earlier installations of Bonelogic software may be 

uninstalled utilizing “Uninstall” function within Windows 10 “Settings”, “Apps and Features”. 

Support 

Product documentation with instructions for use, installation instructions and information on release 

updates can be found from https://www.disior.com/. Customer support is available through 

Software Help-page and through support@disior.com 

Disclaimer 

To the extent permitted by applicable law, the Disior Services are provided "as is" without warranty 

of any kind, either express or implied, including but not limited to the implied warranties of 

merchantability and fitness for a particular purpose, or accuracy or reliability of results from use of 

the Disior Services, that the Disior Services will meet specific requirements, that the Disior Services 

will be uninterrupted, completely secure, free of software errors, defects and failures.  

To the maximum extent permitted by applicable law, Disior is not liable to the Customer for any lost 

profits, or for indirect or consequential damages. For the sake of clarity, it is stated that Disior is not 

liable to the Customer for any damages that result from the use of the Disior Services or from the 

results obtained from the use of the Disior Services. These limitations of liability shall not apply in 

cases of intentional misconduct or gross negligence. 

Contact 

Customer support is available through software Help-page and through support@disior.com. 
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Appendix 3 – Measurement definitions 

 

 

Bonelogic® 2.0 
Measurement Definitions

January 2021
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Introduction
Bonelogic® 2.0 automatically calculates distances and 
angles between bones and specific landmarks necessary to 
reliably evaluate human anatomy in three-dimensions (3D).

This document is a reference for users of Bonelogic® 2.0. 
It seeks to:

1. Describe the general principles and processes behind the 
different measurement types.

2. List and define the measurements currently available per 
anatomical area.

General Principles
The automated and accurate bone tissue segmentation 
and shape analysis of Bonelogic® software enables

1. Visual assessment of bone shape, joint gaps and spaces 
between bones, for example, in pathologies like arthritis.

2. Calculation of inter-bone angles and distances between 
clinically relevant landmarks in patient specific coordinate 
system, for example, to quantify dislocations and malformities 
like flat footedness.
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Available measurements
Measurements are currently available for two anatomical 
regions:

1. The hand and wrist -
measurements are calculated 
across two regions:

• Radius and ulna.
• Carpal alignment.

2. The foot and ankle -
measurements are calculated to 
define the:

• State of the arch.
• Valgus/varus condition of 

the foot.
• Forefoot deformity.

The following sections describe these measurements and 
defines the axes, landmarks and surfaces used for calculation.
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1. All measures are calculated based on 2D projections of 
3D bone axes and measurement lines
• The coronal projection is aligned based on the shape of radius 

distal articular surface.
• Sagittal projection is aligned according the scaphopisocapitate

criterion.

2. Measures are shown with + or – sign
• Negative sign on angle measurement refers to more dorsally 

directed axis with respect to reference axis.

Hand and wrist measurements
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Bone axis definitions

1. Longitudinal axis: The software scans the 
bone and determines its cross-section at 
various locations. A weighted center point is 
computed for each cross-section. Robust line 
fitting is used to find a straight-line 
representative for the cross-section points.

à Radius, ulna, scaphoid, capitate, MC III

Note that for all the remaining bones (excl. pisiform), axis is also fitted but not used in 
the measurements.

à Longitudinal axis for MC I, II, IV, V
à Articular surface normal for hamate (distal), trapezoid (proximal), trapezium (proximal)

2. Articular surface normal axis: 
The software computes the 
average surface normal within 
the articular surface region. 
Location is in the center of the 
region.

à Lunate (distal), triquetrum (distal)
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Measurement point locations
2. Radius

• CRP (central reference 
point) is the middle point 
between the landmarks P1
and P2.

3. Ulna
• U1 corresponds to the 

most distal point of ulna 
distal articular surface in 
the direction of its 
longitudinal axis.

Hand and wrist parameters
Landmark locations

1. Radius
• P0 is the radial styloid process. It 

corresponds to the most distal 
point of radius in the direction of 
its longitudinal axis.

• P1 and P2 locate in the ulnar volar 
and dorsal corners, respectively, 
of distal radius. They are found at 
the most distant locations seen 
when scanning a longitudinal axis 
segment located proximally from 
the epiphyseal region.
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Hand and wrist measurements
Radius and Ulna Parameters

1. Radial Inclination
• The angle between the line from 

CRP (central reference point) to P0
(tip of radial styloid process) and the 
line perpendicular to radius 
longitudinal axis in posteroanterior 
projection

2. Radial Height
• The distance between CRP and P0

measured in the direction of radius 
longitudinal axis

3. Volar/Dorsal Tilt
• The angle between the line from 

volar rim tip to dorsal rim tip on 
radius distal articular surface and the 
line perpendicular to radius 
longitudinal axis in lateral projection

• Positive (negative) value when the 
tilt is volar (dorsal)

4. Ulnar Variance
• The distance between CRP and U1

(head of ulna distal articular surface) 
measured in the direction of radius 
longitudinal axis

• Positive (negative) value when CRP 
locates more distally (proximally) 
than U1
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Hand and wrist measurements

5. Radiolunate Angle
• The angle between radius 

(reference) and lunate axes in 
sagittal projection

6. Capitolunate Angle
• The angle between lunate 

(reference) and capitate axes in 
sagittal projection

7. Scapholunate Angle
• The angle between lunate 

(reference) and scaphoid axes in 
the sagittal projection.

8. Lunotriquetral Angle
• The angle between lunate 

(reference) and triquetrum axes in 
sagittal projection.

9. Radiotriquetral Angle
• The angle between radius 

(reference) and triquetrum axes 
in sagittal projection.

Carpal Alignment
• Positive (negative) angle value for the secondary 

bone axis opening on the volar (dorsal) side of the 
reference bone axis

10. Radiometacarpal III Angle
• The angle between radius (reference) and 

metacarpal III axes in sagittal projection.
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Radiographic projection directions
1. PA (posteroanterior) View

• Projection plane direction is based solely on the shape of 
radius. It is perpendicular to the plane which goes through 
radius longitudinal axis and the line connecting CRP and 
P0.

2. Lateral View
• Projection plane direction conforms to the 

scaphopisocapitate alignment, focusing the mutual 
location of bone volar edges such that the volar tip of 
pisiform lies in the middle 3% between the volar tips of 
scaphoid and capitate.
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1. All measures are calculated based on 2D projections of 
3D axes
• 2D projection planes are deduced from the imaging devices 

patient coordinate system.

2. Measures are shown with + or – signs
• Meary’s angle (sagittal): negative towards pes planus, positive 

towards pes cavus.
• Hindfoot moment arm and Saltzman view: negative 

towards varus, positive towards valgus
• Lateral talar station: positive if talus is anterior to tibial 

longitudinal axis

Foot and ankle measurements
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Bone axis definitions for:
Elongated bones (1a) e.g. Proximal phalanges and 
metatarsals (I-V)

1.1 Longitudinal axis: The software scans the 
bone and determines its cross-section at various 
locations. A weighted center point is computed 
for each cross-section. Robust line fitting is used 
to find a straight-line representative for the cross-
section points.
1.2 Perpendicular axis: A subset of the bone is 
projected into plane perpendicular to bones 
longitudinal axis. Line fitting is used to measure 
the axes.

Cuneiforms (1b) e.g Medial and intermediate 
cuneiforms

2.1 First axis: goes through the 
navicular- cuneiform articular surface 
weighted center (a), and through the 
cuneiform-metatarsal articular surface 
weighted center point (b).
2.2 Perpendicular axis: A subset of the 
bone is projected into plane 
perpendicular to bones longitudinal axis. 
Line fitting is used to measure the axes.
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Bone axis definitions for: 
Navicular (1c)

3.1 Longitudinal axis (a): goes through the (b) 
talonavicular articular surface weighted center
point and the (c) navicular–medial cuneiform–
intermediate cuneiform articular surface weighted 
center point.
3.2 Perpendicular axes: A subset of the bone is 
projected into plane perpendicular to bones 
longitudinal axis (a-b). Line fitting is used to 
measure the axes.

Other bones e.g Talus, calcaneus
4.1 Longitudinal axis: The software scans bone and determines its 
cross-section at various locations. Weighted center point is 
computed for each cross-section. Robust line fitting is used to find 
a straight-line representative for the cross-section points.
4.2 Secondary axes: Additional projections of joint facets (a-b) and 
tendon insertion are used to determine bone alignment.
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Foot and ankle measurements
Meary’s Angles

• The angle between the talus 
longitudinal axis and the 1st metatarsal 
longitudinal axis measured in both the:

1. Sagittal plane
2. Axial plane

Talocalcaneal angles
• The angle between the talus longitudinal 

axis and the calcaneus axis measured in 
the:

3. Axial plane
4. Sagittal plane
5. Coronal plane

- therefore comparing
the superoinferior axes.

6. Calcaneal inclination angle 
• The inclination of the 

calcaneal relative to the floor.
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Foot and ankle measurements
7. Hindfoot angle

• The angle between the tibia axis 
and the axis that connects the 
posterior calcaneal process and the 
center of the talar dome.

8. Talar Horizontal Inclination Angle 
• Calculated in the coronal view from 

the talus mediolateral axis and the 
ground level - as determined by the 
mediolateral axis from the imaging 
device.

Saltzman Views
• The angle between the tibia axis and the calcaneus axis 

measured with the foot in two different positions:
9. 45º 
10. 20º 
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Foot and ankle measurements
11.Hindfoot moment arm (posterior)

• The mediolateral distance between the 
longitudinal axis of the tibia and most 
inferior point of the calcaneus in the AP 
view. As shown in the projection view for 
the measurement (11).

12.Medial distal tibial angle (MDTA)
• The angle between the longitudinal 

axis of the tibia and the tibia distal 
articular surface mediolateral axis in 
the AP view. As shown the projection 
view for the measurement (12).

13.Medial talar articular 
surface angle
• The angle between the 

longitudinal axis of the tibia 
and the talus trochlea 
articular surface axis in the 
AP view. As shown in the 
projection view for the 
measurement (13).
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Foot and ankle measurements
14.Talar tilt angle 

• The angle between the tibia distal articular 
surface mediolateral axis and the talus trochlea 
articular surface axis. As shown in the projection 
view for the measurement (14).

15.Medial talocrural Angle
• The angle between the axis connecting the distal 

tips of lateral and medial malleoli and the tibia 
distal articular surface mediolateral axis in the AP 
view. As shown the projection view for the 
measurement (15).

16.Tibial lateral surface angle
• The angle between the tibia 

longitudinal axis and 
anteroposterior axis of tibia 
distal articular surface in the 
sagittal view. As shown in the 
projection view for the  
measurement (16).

17.Lateral talar station
• The distance between the tibial 

longitudinal axis and the mediolateral axis 
of the talus in the sagittal view. As shown 
in the projection view for the 
measurement (17).
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Foot and ankle measurements
18.Lateral talocalcaneal coverage 

• The distance between the most inferior 
point on the talus head and the most 
superior point of the calcaneus anterior 
column in the sagittal view. As shown in 
the projection view for measurement 
(18).

• It is positive when calcaneal point is 
above talar point, otherwise it is 
negative. 

19.Talonavicular coverage 
• The angle between the 

talus longitudinal axis and 
the navicular axis in the 
axial view (19). 

20.Talonavicular torsion
• The angle between the talus 

mediolateral axes and the 
navicular perpendicular axis 
in the AP view (20). 
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Foot and ankle measurements
21-24: Intermetatarsal angles

• The angle between the longitudinal axes of 
the metatarsals.
21. 1st – 2nd Intermetatarsal axial angle
22. 1st – 2nd Intermetatarsal sagittal angle
23. 1st – 5th Intermetatarsal axial angle
24. 1st – 5th Intermetatarsal sagittal angle

25-30: Tarsometatarsal angles
• The angle between the longitudinal axes of the metatarsal 

and the cuneiform.
25. 1st tarsometatarsal angle (sagittal) 
26. 2nd tarsometatarsal angle (sagittal) 
27. 3rd tarsometatarsal angle (sagittal) 
28. 1st tarsometatarsal angle (axial) 
29. 2nd tarsometatarsal angle (axial) 
30. 3rd tarsometatarsal angle (axial) 
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