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The purpose of the study was to evaluate the The purpose of the study was to evaluate the usfulnessusfulness of new of new 
method (RODIA System) to monitor mineralization of the method (RODIA System) to monitor mineralization of the 
fracture  gap on digitalized xfracture  gap on digitalized x--ray, osteolysis or loosening around ray, osteolysis or loosening around 
orthopedic implants or other bone pathology. orthopedic implants or other bone pathology. 

Collection of radiographs of various orthopedic pathologies was Collection of radiographs of various orthopedic pathologies was 
digitized for further analysis. digitized for further analysis. 

Image Evaluation Module and Fracture Healing Monitor Image Evaluation Module and Fracture Healing Monitor 
ModuleModuless of Relative Optical Density Image Analysis (RODIA) of Relative Optical Density Image Analysis (RODIA) 
System were utilized for images evaluation. System were utilized for images evaluation. 



Quantitative analysis of images

Problem

Methods allowing quantitative
evaluation are required for Evidence

Based Medicine and statistical
evaluation of collected data for 

specialties largely utilizing images

(i.e. orthopedics and orthopedic trauma)



Quantitative fracture healing assessment

Requirements

ValuableValuable methodmethod shouldshould::
•• predictpredict endend point point ofof fracturefracture healinghealing
•• point out point out suitablesuitable timetime for hardware for hardware removalremoval
•• determinedetermine affetedaffeted extremityextremity loadingloading possibilitiespossibilities
•• predictpredict earlyearly healinghealing disturbanciesdisturbancies
•• allowallow to to evaluateevaluate variousvarious factorsfactors influence on influence on fracturefracture healinghealing
•• allowallow statisticalstatistical analysisanalysis
•• allowallow to to createcreate modelsmodels ofof fracturefracture healinghealing
•• collectcollect clinicalclinical and and scientificscientific datadata



Quantitative fracture healing assessment

Available quantitative methods

•Clinical scaling – surgeons hands
•Biomechanical (strain test –applicable for particular locations)
•Radiologic - (expert’s evaluation) – scaling (pts)
•Acustic & vibratonal (i.e. Ultrasonometry)
•DEXA scanning – no software available
••RelativeRelative OpticalOptical DigitalDigital Image Image AnalysisAnalysis –– withwith oror withoutwithout
digitaldigital radiographyradiography (RODIA, (RODIA, RODIARODIA for DXA for DXA scanscan))
•Computed Tomography including quantitative evaluation (CT, 
QCT, pQCT)
•Magnetic resonance imaging (possible for no hardware)



Quantitative fracture healing assessment

Densitometric evaluation of X-ray

Laser densitometry – early study

laser 
densitometer

UltroScan XL 
Pharmacia LKB



Pseudo 3 D Pseudo 3 D visualisationvisualisation plotplot

ImageProImagePro+ 4.1 (Media + 4.1 (Media CyberneticsCybernetics) ) 
functionfunction ""SurfaceSurface Plot". Plot". 
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•• FractureFracture 09. 2000 09. 2000 
•• IM IM nailingnailing elsewhereelsewhere
•• No No healinghealing tilltill 2002 2002 
•• One One monthmonth afterafter BMP BMP --7 7 

implantationimplantation
•• 8 8 weeksweeks afterafter implantationimplantation
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Pseudo 3D Visualization of X-ray Image in Medical Diagnostics

Introduction

In spite of technological progress in medical imaging classical 

X-ray is still a primary kind of examination in today’s radiology. 

Differentiation of pixel brightness during composing a final image can 

be recognized as a sum of radiation absorption of all encountered 

molecules. Therefore X-ray picture is an interpolation of set of all 

cross-sections of investigated object. Assuming X-ray picture contains 

some information about real object shape one can theoretically 

recover this information from the image in any time. Such process can 

be defined as pseudo 3-dimensional (P3D) visualization.



Pseudo 3D Visualization of X-ray Image in Medical Diagnostics

Methodology

The simplest way to retrieve P3D information from 2D X-ray. 

For image digitized using 8-bit grayscale,

The matrix of optical density values (ODV) of all pixels is represented 

by integers stored into file. 

Then the matrix contains only one dimension – optical density value 

of pixels. The ODV represents h coordinate. 

Two other dimensions x and y coordinates position each matrix cell.



Pseudo 3D Visualization of X-ray Image in Medical Diagnostics

Methodology

Next step - plot a 3D surface chart – complex of the contour lines joining 

pixels with equal optical density value. 

Obtained graph can be secondary filtered to reduce noises (high frequency 

component) 

“missing” pixels can be computed using one of interpolation algorithms. 

Moreover analyzed graph can optionally be rotated and rescaled. 

Described methods belong to RODIA System® as an integral part.

- Greater set of various methods dedicated for medical image analysis.



Pseudo 3D Visualization of X-ray Image in Medical Diagnostics

Methodology

The final graph is only a P3D visualization and cannot

be treated as a full valuable 3D image (which must be constructed

using real cross-sections) 

a physician gains ONLY another view at examined image. 

This means there is an additional way to look for details and finally

make or confirm a diagnosis. 

Simplicity is a strong point of the proposed approach. 



Pseudo 3D Visualization of X-ray Image in Medical Diagnostics

Other Methods

Optical Density Matrix is good starting point for quantitative

measurements of ODV changes observed in follow-up

(e.g. monitoring and measuring of fracture healing) 

implemented to  RODIA System®.



Methods enhancing diagnostic imaging

Methods incorporated to RODIA System®.

• Data conversion: image -> matrix 2D
• Quantitative monitoring of fracture healing
• Plot of structure of isodensity lines
• Enlargement, GS to HLS exchange
•P3D interpretation
•P3D noise filtration
•Three dimensional viewing of P3D graphics
•Pattern identification
•Calibrtion, ˛linear and angular measurements

•Telemedicine friendly



Methods enhancing diagnostic imaging

P3D noise filtration for searching fracture line



Methods enhancing diagnostic imaging

Graphics rotation P3D



Methods enhancing diagnostic imaging

Pattern identification

1. GS enlargement

2. Stratal
identification

3. HLS conversion

4. Pattern enhanced
exposure of
„quantum” ODV 
changes



R O D I A  - Methods enhancing diagnostic imaging

Calibration and linear measure

Calibration:

- To allow comparison of consecutive X-rays despite of scale or 3D 

rotation differences

Linear measurements:

- Direct accordingly to known object seen on image (size phantom)

- Indirect (%)

- Area

- Avg ODV of various ROI’s

- Angular



Methods enhancing diagnostic imaging

Approach to data aquired from image - RODIA System®.

Nonrelative (direct):
- Standardization necassary
- Phantom calibration
- High quality requirements
= calibrated results, values (g/cm2 or g/cm3)

Relative:
- Entire image calibration
- Extremely lower quality requirements
- Minimal preparation

= calibrated results, values compartatively expressed (%), 
sufficient for monitoring



Methods enhancing diagnostic imaging

FHM module of RODIA System®.

1. Data aquisition
2. Choice of ROI
3. Excision
4. Enlargement

ROI Fragment of X-ray
Ready for further analysis



Methods enhancing diagnostic imaging

FHM module of RODIA System®

ROI - RTG
wybrany do 

analizy obrazu
Steps of analysis:
1. Choice of gap across ROI 
2. Pseudo cut along h value
3. Pointing gap’s edges
4. Calculation of gap’s volume

5. Repetition of 1-4 along gap on ROI

gap’s volume calculated as integral

Mechanism of fracture gap ODV measurement



Methods enhancing diagnostic imaging

FHM module of RODIA System®

1. Każdy z rutynowo wykonywanych radiogramów jest skanowany
i archiwizowany na nośnikach cyfrowych

2. Poczynając od drugiego badania można stosować metody
porównawcze

3. Po każdym badaniu uzyskuje się obiektywne, ilościowe wyniki
pomiarów zrostu kostnego oraz wizualizację postępu leczenia

4. W związku z tym możliwe jest sosunkowo wczesne wychwycenie
nieprawidłowości podczas gojenia złamania

Monitoring of tibial fracture based on x-ray follow –up
(4 weeks periods)



Methods enhancing diagnostic imaging

FHM module of RODIA System®



Methods enhancing diagnostic imaging

FHM module of RODIA System® - Applied to DXA scan image



Methods enhancing diagnostic imaging

DXA scan image custom analysis for fracture case



RODIA System RODIA System 
ExperimentalExperimental researchresearch applicationapplication



DigitizedDigitized cclassiclassic XX--ray ray imagesimages ofof ratsrats
femorafemora

RightRight -- Laser Laser irradiatedirradiated LeftLeft controlcontrol



RODIA System RODIA System -- Pseudo 3Pseudo 3--DD
evaluationevaluation
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Search for subtle fracture line, assessment of the bone Search for subtle fracture line, assessment of the bone 
osteolysis around orthopedic implants, and progress of osteolysis around orthopedic implants, and progress of 
bone bone tumourtumour retrospective retrospective avaluationavaluation were performed were performed 
with RODIA System. Developed Relative Optical with RODIA System. Developed Relative Optical 
Density Image Analysis System (RODIA System) Density Image Analysis System (RODIA System) 
allows remote analyzing and measure digitized Xallows remote analyzing and measure digitized X--ray ray 
image to reliably enhance of image evaluation.image to reliably enhance of image evaluation.
ReferenceReference
[1] M. [1] M. KornackiKornacki, W. , W. GlinkowskiGlinkowski, Relative Optical , Relative Optical 
Density Image Analysis (RODIA). Clinical application Density Image Analysis (RODIA). Clinical application 
—— preliminary report of FHM and IEE subsystems preliminary report of FHM and IEE subsystems 
usage, Med. usage, Med. SciSci. . MonitMonit. 4 (. 4 (SupplSuppl. 2) (1998) 136. 2) (1998) 136––139.139.



Periprosthetic Optical image density evaluation
accordingly to zones described by Gruen

(Relative measure and monitoring)
Medial proximal femur resorption noted

12 months after surgery3 months after surgery



Methods enhancing diagnostic imaging

RODIA System ®

Described methods are implemented as RODIA System ®

based on SAS Institute software.
Current status of software beta-test version

It may serve for enhancing and developing described methods
only Software was developed by cooperation (Orthopedic Trauma 
Department and SAS Institute polish chapter1997-98 .

Przykładowe ekrany:



Methods enhancing diagnostic imaging

Classic teleconsultation

Diagnosis

Diagnosis



Methods enhancing diagnostic imaging

Future Prospect - TeleRODIA

For physician
TeleRODIA may allow to 
operate from his own PC, 

(Lower expenses of
High Level PC)



R O D I A  - Methods enhancing diagnostic imaging

RODIA System ® - spectrum of applications

Orthopedics:
• fracture healing monitoring
• bone remodeling monitoring
• detection of „hair line” fractures

Orthopedic oncology:
• early detection of bone tumours
• tumor size measurements
• image homogenity evaluation
• monitoring of tumor image changes in time
•Radiology:
• evaluation enhancement, image enlargement, etc.

Telemedicine
• remote diagnosing and monitoring



Methods enhancing diagnostic imaging

Conclusions

Development of modern analytic tools may lead to improvement
of further rationalization of medical treatment i.e. orthopedics.

Developed methods may enhance global and individual
interpretation of results their monitoring and more detailed

searching for factors influencing on outcomes. 

Development of analytic tools may affect :
• prognosis, early prediction of disturbancies, effectivness of treatment
• scientific verification of results as seen on images
• statistical analysis and modeling
• documentation



Methods enhancing diagnostic imaging
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