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ABSTRACT 
Computers have been widely used in the field of medical 

research over the past few decades. One of the emerging 

researches in medical imaging is to estimate age of the live or 

dead human being. Bone Age Assessment (BAA) is directly 

proportional to Skeletal (Bone) growth assessment. The study 

for Age Estimation (AE) has been categorized into two: one 

from live human where the AE is analysed through radiograph 

images such as X-ray, MRI, CT and DICOM and another 

from dead human body remains, where the AE can be 

performed manually (Forensic Study). AE is purely based on 

the measuring the length and shape of various bones, so 

radiographic images are must for live human. These 

radiographic medical images must be well processed for better 

assessment using various Image Processing Methods. 

Therefore, this paper present’s an overview of various image 

processing methods applied for automated bone age 

estimation of live human and discuss some major challenges 

in storing the medical image datasets.  

Keywords 
Bone Age Assessment, Image Processing, Automated Bone 

Growth Assessment, Medical Diagnosis, Statistical Analysis, 

Computer PACS, Fuzzy Logic, Neural Network 

1.   INTRODUCTION 
In Forensic research of Anatomy, the study of skeleton 

remains is an on-going research over the years. In this 

research first main characteristic is, to estimate the gender 

form skeleton remains, second age estimation, third diseases 

identification, fourth to understand cause of death and finally 

the understanding of life style (culture), health conditions and 

climatic changes over the decades. This study helps to 

compare the historical changes in human history. Amongst all 

the above, gender and age determinations are the most 

prominent features to be determined. But in general when we 

get skeleton remains or half decomposed body due to natural 

disasters (earth calamities, bomb blasts and tsunamis) it's hard 

to identify the gender and age in these scenarios. So, different 

scientists have determined gender and age using various parts 

of the body individually.  Research in forensic is driven into 

different areas of interest, one is for dead skeleton bones 

study, half decomposed human bodies (in crime investigation) 

or directly for the live human (for skeleton growth and 

medical diagnosis). 

1.1 Manual Approaches for Bone Age 

Assessment: 
"Dead human do tell stories" about its sex, age, height and 

diseases they had at the time of death. Bone age estimation is 

a clinical method for identifying the skeleton maturation of 

the human as per the age.  Initially forensic scientists have 

proposed tooth eruption [1][2][3][4] as the bone age 

assessment method. Though it was reliable and robust for age 

assessment, but what if the skeleton is found only in parts not 

as a whole? Because of this alternative solutions of age 

estimation have been investigated. In the long run many 

researchers proposed different methods for age estimation 

using different parts of the bones such as skull[5][6], foot-

bones [7][8], knees [9][10],  spinal cord[11][12], pelvis 

[13][14], rib [15], femur [16][17], Carpals and Epiphyses of 

the Ulna and Radius and the left hand skeleton structure 

[18][19][20]. The main characteristic of bone age assessment 

is fusion of bones.  

1.1.1 Problems in Manual Approaches: 
Forensic study on bone analysis mainly focuses on measuring 

the bone lengths, angles and shape variations.  

 These measurements may vary from scientist to 

scientist and from observation to observation.  

 The manual measurements may lead to errors.  

 Time consuming processes.  

 All calculations are specific laboratory tool 

dependent for measuring the values. 

 These methods can be applied on dead human bones 

only. 

 In case of age related bone surgeries or bone 

replacements the measurements must be accurate. 

The surgery may fail due to over estimation or 

under estimation of bone length or bone angle and 

hence leads to disability or deformity.   

1.2 Why Age Assessment for Live human: 
1.2.1 In Social Development: 
Evaluating age of  a live human being is important in many 

real life applications such as identifying the details of a 

refugee person, for solving and decision making of criminal 

cases (for crime identification and law enforcement). There 

are many people over the world whose date-of-birth is not 

registered in the birth registration offices. Similarly most of 

the parents do enforce wrong date-of-birth for their children. 

Age estimation is also important in the military services and 

sports academies both at the entry and at retirement stage (a 

case study was given in [21]) stage. Above events are purely 

based on age factor, where the age of person should be in a 

specified range only. Another application is to develop the 

ratio charts for demographics of country [22]. It includes the 

charts and comparison ratios of birth-rates, gender 

discrepancy and age wise population. These estimations are 

carried in each country every year.  
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A. Aggrawal and A. Busuttil, from Maulana Azad Medical 

College, New Delhi, India stated many applications where in 

medico-legal AE tests from doctors are required for Indian 

Penal Court (IPC) judgements [23]. According to IPC, 

children under 5 years must be in the custody of mother(as per 

section 6(a)), crime by the children of age below 7 years are 

considered as negligible since they are treated as incapable of 

doing the crime(under section 82). Similarly for the children 

age between 7 to 12 years, the judgement depends on judge 

(as per section 83). Sexual relationship with females below 16 

years with or without their consent is considered to be rape (as 

per section 375). As per Article 24, child labour is restricted. 

There are many other age dependent sections available 

[24][25] in the IPC. All the above stated reasons are focusing 

the importance of age estimation of live human.  

1.2.2 In Medical Diagnosis  
Age estimation or skeleton growth play an important role in 

medical diagnosis [26][27]. As it’s known that the bones have 

common property of fusion i.e. bones grow or diffuse in 

length and width for certain range of adult period (from zero 

age to teen age). In growing stage some of the bones grow and 

make the joints stronger. But, in contrast they start diffusing 

after the age 40. According to Centre for Disease Control and 

Prevention (CDC) many diseases start at the age of 40 years 

[28]. Some of them are Osteoporosis, Arthritis, Osteoarthritis, 

and Rheumatoid Arthritis etc. [29]. Osteoporosis is a disease 

where a bone weakens to a stage, such that it can break easily. 

Arthritis attacks the joints at any part of the body and makes 

the bone swelling. CDC report [28] states that there are 

around 19 million people in the world with these diseases. 

Osteoarthritis is a disease, because of disappearing of 

cartilage in the joints hence the bones rub each other and 

causes pain and also may break. Rheumatoid Arthritis’s is 

also a painful disease due to stiffness of bones. So, for all the 

above mentioned diseases, age assessment and bone growth 

stage play a major role for diagnosis.  Bone growth and age 

assessment don't limit to diseases identification other 

applications are as follows 

 Skeletal Maturity. 

 Management of Bone Dysplasia. 

 Predicting the Height. 

 Monitoring growth disorders. 

 Bone Fracture Treatment. 

 

1.3 A Brief on Radiographic Images: 
Computational Forensics (CF) is an emerging area in the 

research domain.  Forensic problems investigated manually 

for exact results are time consuming. So, CF is an automated 

approach for faster results. This includes computer based 

analysis for solving the forensic problems. Therefore 

computer forensic is also treated as digital forensic or forensic 

information technology.  Digital forensic relies on X-ray 

image analysis, CT/MRI scan image analysis and ultra sound 

analysis. The first two are the digitized images of bones 

through laser beam and the later one is continuous video 

frames such as Digital Imaging and Communications in 

Medicine (DICOM) [30] analysis. The radiologists are 

responsible to visualize the internal structure of human body 

using electronic devices. These images are further studied by 

the specialized doctor for medical diagnosis. Therefore 

digitized image must be well enhanced. This requires Image 

Processing (IP) methods like image enhancement methods in 

spatial domain or in frequency domain followed by 

restoration, morphological processing, wavelet transforms, 

color image processing, image compression and image 

segmentation as per requirement [31].  

The Bones can be visualized through X-ray, MRI (Magnetic 

Resonance Image), CT (Computed Tomography) and DICOM 

images. The MRI and Ultrasound produce DICOM images. 

These are shown in the Figure.1, Figure.2 and Figure.3 

respectively. From these images it's clear that image 

processing techniques such as pre-processing, background 

removal, enhancement, segmentation etc. must be used for 

extracting the features correctly specially in X-ray images due 

to its low intensity values. Estimating the gender, age, 

diseases etc. are tedious tasks unless they are clear enough.  

  

                    (a)                                            (b) 

Figure. 1: X-ray of Hand and Pelvic of Human [68] 

The DICOM images are sufficiently clear due to advanced 

software and hardware available. But further color based 

enhancements methods can be applied for even better results, 

especially in surgeries. 

2. AUTOMATED SYSTEMS IN BONE 

AGE ASSESSMENT 
Bone age, Bone growth, Bone Gender and Bone Disease 

assessments all are assessed using the radiographic images. 

These images are prone to noise, low intensity, low contrast 

etc. According to Dinesh M S [32] every visual imaging 

system for radiograph analysis must have pre-processing, 

segmentation and measurement stages. These three stages can 

be further categorised into five stages as (i) Image 

Enhancement (such as background removal, Noise filtering, 

 

Figure 2. MRI scan of brain[69] 
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Figure 3. Ultrasound of baby [70] 

Histogram equalization and etc.) (ii) Rotation of bone pixels 

to proper angle (if required) (iii) Segmentation (such as 

dynamic thresholding, edge detection, etc.), (iv) Measurement 

analysis and (v) Decision making.  

Every x-ray image of human bone has three sets of pixels 

bone pixels, soft-tissue pixels and background pixels. The 

background and soft-tissue pixels are not needed for analysis 

so image enhancement in spatial or frequency domain is 

required for removing them. Further noise has to be removed 

using specialized filters. The positions of bones vary from 

image to image so rotation of bony pixels is also required. 

Thereafter identification of Region of Interest (ROI) for 

measurement is achieved through Segmentation techniques. 

From these ROI's the lengths and angles are to be measured 

automatically through specialized algorithms. Finally the 

Decision making is performed based on specific application. 

These five stages are performed in different ways on different 

bone images.  

2.1 Left Hand Image Analysis for BAA 

(Standard Methods): 
2.1.1 Greulich and Pyle Method (GP): 
Left hand image is widely used for age assessment or skeleton 

assessment. Since the right hand is used too much to work it 

effects on the growth of bones. So the Left hand is preferred 

for analysis. The hand bone development stages were given in 

as an Atlas by W. W. Greulich and S. I. Pyle [33] in 1959 

from Stanford University Press, Stanford, California, USA. 

The atlas has been published by the name "Atlas of Skeletal 

Development of the Hand and Wrist". These scientists started 

the research in the year 1929 at the Western Reserve 

University School of Medicine in Ohio. Large number of 

children of different age groups was enrolled for this study. 

Different Radiographs of left shoulder, elbow, hand, hip and 

knee were taken. These Radiographs were taken at the interval 

of three months up to five years and thereafter taken on yearly 

basis. The data collection process was carried out from 1931 

to 1942 years comprising around 1000 children radiographs as 

a source. Finally in the year 1950, research Atlas has been 

published. For Male and Female different Atlas has been 

proposed since they mature at different rates. These atlases are 

the base model for analysing age related changes in the human 

bone architectural structure. This method is popularly referred 

as GP method by most of the authors.  

2.1.2 Tanner and Whitehouse Method (TW): 
Another atlas has been proposed by Tanner and Whitehouse 

(TW: TW1, TW2, TW3)[34][35] in the year 1962. Here the 

study was focused on the age estimation but relies on the bone 

standard maturity. The TW method used bone joints location 

as ROIs for bone maturity (shown in Figure.4, Figure.5 and 

Figure.6). Each ROI is further divided into three parts: 

epiphysis, diaphysis and metaphysis. Out of these three, the 

epiphysis ossifies from the age zero to teen age and later gets 

combined with diaphysis. So the age assessment of the TW 

and GP methods is only up to 19 years. Epiphysis has 9 stages 

in total starting with A (as no epiphysis bone) to B, C, D ...I as 

shown in Figure.6. Further authors have developed alternative 

methods for skeleton growth assessment system. They are 

stated as below 

 TW2 (20 bones): This is a modified method 

published in the year 1975 of initial TW1 method. It 

uses 20 ROIs for bone analysis including first, 

middle, fifth fingers and the carpal bones. 

 RUS (Radius, Ulna and Short bones): This is same 

as TW2 method but excludes the carpal bones. 

 CARPAL: This study is using the carpal bones 

alone. These bones ossify till the age of 9 years. So 

the age assessment using this method is limited to 9 

years. 

GP and TW2 methods are the base models with initial Atlas 

and look-up-tables for human age assessment. In the 

radiograph image epiphysis-ROI or carpal-ROI index stage 

must be identified and manually checked with the hand atlas. 

So, many researchers tried to develop fully automated systems 

for verifying and validating (digitally) their results using these 

two methods. A new atlas has been developed by combining 

children of both sexes of different countries [36][37].  

2.1.3 FELS Method: 
After a long gap, an alternative method FELS (Fels 

Longitudinal Study) was proposed by A.F. Roche et al. [38] 

in the year 1989. This is a computerized system using the 

scores/grades for each bone as an input for evaluating the 

age. Unlike the GP and TW methods here the grade 

distribution is evaluated for within the same age group as 

well. More than 130 points are chosen for each and every 

bone for analysis. This method also predicts the error 

correction for assessment. It is 0.3 to 0.6 years for boys 

from 1 month to 2 years and 0.2 to 0.3 years for girls from 1 

to 14 years of age. For age > 2 it was 0.3 for boys. The 

errors are more for younger and older children (due to bones 

fusion stages). The authors have assumed that the input 

images are clear images without any distortion. The FELS 

method is complicated with huge set of points. It is not 

available as a software/package for analysis/verifying but, 

one can work on for implementing this code. 

 
Figure 4. Left hand Radiograph with TW2 ROIs 
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Figure 5. Carpal Bones 

Figure 6. Epiphysis region of ossification [71] 

 

 

2.2 Automated Systems Design using X-ray 

Image of Hand 
2.2.1 HANDX Software System: 
David J Michael and Alan C Nelson [39] developed the first 

automated system called HANDX for BAA in the year 1989. 

System is modulated into three stages pre-processing, 

segmentation and measurement. A Model-Based Histogram 

modification algorithm is used to enhance the image. 

According to this algorithm histogram is constructed first and 

then it is segmented into three classes as background, soft-

tissues and bone pixels using a Gaussian distribution function. 

Then an adaptive contour process is used to outline the bone 

shape by overlaying the segmented bone image on the binary 

image of input image. This overlaying process is repeated for 

each and every bone of the hand image. Finally measurements 

are calculated by finding major and minor axes for each bone. 

These axis values are compared manually with the atlas of GP 

and TW2 for BAA. This has driven the research to computer 

assisted software development design. The proposed pre-

processing algorithm might not be successful for all cases, 

since most of the soft-tissue pixels and bone pixels may 

overlap due to which the background subtraction may not be 

accurate. Moreover the noise at the shape edges will affect the 

segmentation process. 

2.2.2 Computer PACS System: 
In the year 1991 Eva Pietka, Michael F. McNitt-Gray and co-

authors [40] developed a computer assisted system using 

phalangeal bones. Research was carried out to integrate with 

system to their Computer PACS lab (Picture Archiving and 

Communication systems) [41]. They maintained a separate 

database in the lab. Image pixels were categorised as 

uniform/non-uniform image pixels for background removal. 

Then boundaries were extracted by finding the edges from 

four sides of the image and drawing a line between the 

contour points. Further the edges are included or excluded 

using an error-correction method. Once the image edges are 

found it is rotated if required. Phalangeal ROIs are found 

using the sobel gradient on the image both on x and y 

directions. Finally the distal (d), proximal (p) and middle (m) 

distances are measured and a ratio m/d and p/m are calculated 

for analysis. These results are compared with length table of 

phalangeal [42] for BAA. According to the authors algorithm 

was successful in 94% of cases. Here the noise in the image is 

not estimated and results are not compared with GP or TW2 

methods. Image enhancement procedure still needs 

advancements. Eva Pietka published another research paper 

with some improvements in segmentation procedure in the 

year 2002[43]. 

2.2.3 Point Distribution Model 
A.T. AI-Taani from Yarmouk University, Irbid, Jordan [44] 

have classified images according to age using  point 

distribution model comprising of 120 images. For each bone a 

set of boundary points are chosen manually using mouse 

cursor by joining the existing points dynamically. These 

values are aligned for extracting the bone shape and finally 

classified to a model age group using fitting function (The 

least distance from the models). This experiment had 70.5% 

success for distal bone and 73.7% for epiphysis bone. The 

main drawback of the model is manual selection of points for 

edge identification. This problem was solved by new methods 

like active shape models in further research. 

2.2.4 CASAS System: 
Some of the diseases for human may also depend on the 

skeleton growth disorders. H. Frish, S Reidl and T. Waldhor 

from Austria [45] had evaluated age for both diseased and 

normal people by comparing with the manual GP and TW2 

(RUS) methods using with Computer Aided Skeletal Age 

Scores (CASAS) system in the year 1996. Research included 

the children with Turner's syndrome, familial short stature and 

growth hormone deficiency under the age group of 2.4 years 

to 18.9 years. Separate investigators were assigned for each of 

the methods. A total of 100 images were analysed including 

30 from Turner’s syndrome, 34 from familial short stature and 

36 from growth hormone deficiency. Results showed that 

TW2 and CASAS with almost same age estimations. Due to 

disorders in bone shapes      manual interruption (9% to 12.3 

%.) was needed and thereafter the test was repeated in some 

cases for accuracy (due to differences in the measurements of 

short fingers). The proposed CASAS had a 21% of refusal 

cases at max and with a +1.1 years difference in the absolute 

average between TW2 and CASAS methods. These results 

state a wide scope for further research in designing the 

CASAS system with better image clarity and statistical 

analysis. 

CASAS was further extended by developing a digital hand 

atlas by F.Cao et al. [46] in the year 1999. The system was 

designed for a project, to develop digital hand atlas for 

medical diagnosis and available over web.  This system 

contained a database, computer aided diagnostic (CAD) 

architecture module and a web user interface implemented 

using java. The main focus was to reduce the time delays 

caused in manual atlas comparisons. A total of 500 hand 

radiograph images(including the patients information) were 

considered for this research(data collected from Children 

Hospital of Los Angeles(CHLA)) including both male and 

female under the age group of 0 to 18 years. Oracle 8i data 

server was used for storing and managing the data. This CAD 

system had developed a digital hand atlas for various age 

groups. They used window-level-gamma correction method 

for enhancing the image and removed the background pixels. 

The authors have not mentioned the clarity of methods used 

for extracting the bone features and bone age assessment 

criteria. They have used a Matlab library for these tasks.  
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2.2.5 Active Shape/Active Appearance Models: 
In the same year 1999 Sasan Mahmoodi et al. [47] considered 

57 images including males and females and used binary 

threshold method and concave convex detection methods to 

remove the soft tissue pixels and to enhance the finger bone 

boundaries. Later an active shape model is used to detect the 

edges of the bony pixels by super imposing the trained image 

on the processing image. For this they used a fixed number of 

points distributed over the boundary to extract the shape of 

bone. These points are further used to find the width 

variations between the proximal tip and phalanx, epiphysis 

and metaphysis bones. Principal component method is also 

used for analysing. Finally, among these values the best 

confident growth values are chosen as the result and age is 

estimated based on them. The author claims that the success 

rate as 82% for males and 84% for females. This approach 

gives better results but takes a very high processing time for 

detecting the deformable shape analysis and also needs a huge 

set of training and test samples. As a whole the process is 

complicated.  

Automated system using both the epiphysis and carpal bone 

regions is proposed by D. Giordano and et.al [58] in the year 

2009. These regions are separated using wedge functions and 

pre-processed them (background removal using threshold, 

orientation of the image through centroid calculation).  For 

epiphysis region analysis they used Gaussian differentiation 

filter (DoG) for ossification bone measurement. Carpal region 

analysis is performed by applying DoG filter and matching 

with active contour method. These results are compared with 

TW and GP methods for the age group of 1 to 10 years. 

Authors claim that the average success rate was 87%. Further 

their analysis is to be extended for 11 to 19 years children.   

2.2.5.1 BoneXpert Software System: 
BoneXpert method is automated software developed by Hans 

Henrik Thodberg et.al [57] in the year 2008. This is very well 

known image processing software for skeleton maturity 

available over web. This software works is in three stages 1) 

Constructing bone borders 2) Estimate the age and 3) 

Compare results with GP and TW methods.  For border 

estimation active shape driven appearance models have been 

used and age is estimated by bone health index calculation 

after applying principal component analysis and by 

calculating the mean, variance and standard deviation. Around 

1559 images were considered of the age group of 2 to 8 years. 

This system is available over web as a commercial product 

from the year 2009. The software predicts age only between 

2.5 to 17 years for boys and 2 to 15 years for girls. Their bone 

age accuracy was 0.72 years for GP method and 0.65 years for 

TW method. It is a licensed product and for each x-ray image 

they charge around 10€. 

2.2.6 Dynamic Threshold Method: 
Another computer based bone age assessment was proposed 

by Ewa Pieta et. al. [48] in the year 2000. In this, images were 

rotated for specified direction if required and the background 

pixels are removed using a dynamic threshold method. In this 

method a fixed sliding window has been used to locate the 

background pixels and remove them by calculating mean, 

variance and etc. Noise has been restored using morphological 

filters. Author estimated age using only the middle finger 

oscillation bones. So, this ROI is identified by using step 

wedge function and cropping from the entire image. Resulted 

image is smoothened by median filtering. The age is estimated 

using the ratios among the diameter of epiphysis, diameter of 

metaphysis and distance between metacarpal and epiphysis. 

These ratios are compared with all the ratios of dataset images 

with respect to age and also categorised to different age 

groups. Here the background pixels are not removed from the 

image and this may cause some dominance in edge evaluation 

(gradient image). Middle finger alone may not lead to 

accurate results. Moreover the results are not compared with 

the defined age charts. M. Niemeijer et. al [49] also developed 

an automated system using only the centred phalanx of the 

middle finger having a success rate of 73.3% using active 

shape models. 

2.2.7 Semi-Automated System: 
A Semi-automated approach for skeleton maturity was 

proposed by Ana Maria Marques Da Silva et. al.[50] using 

image processing methods in the year 2001. For each finger 

bone image a point is chosen inside and thereafter contours 

are detected using multi-scale imaging system [51]. Later the 

middle finger is isolated from the image and respective profile 

curves are plotted for each image. Edges of epiphysis and 

cartilage thickness are identified using these profile curves 

only. Finally based on the ossification of epiphysis and 

cartilage thickness gap, measurements are evaluated by 

measuring the distances among peaks of profile curves (total 

proximal, metacarpal and phalanx bone). Age is estimated 

using these distances only. This approach is developed with 

manual intervention for analysis. 

2.2.8 Fuzzy Logic Based System: 
Age assessment based on carpal bones alone was given by 

Aifeng Zhang and et. al. in the year 2007[52]. Background is 

removed by thresholding. Carpal ROI is segmented using the 

horizontal line crossing the middle two metacarpal bones, 

vertical lines crossing the corner carpal bones and the line 

crossing the bottom forearm bones. Then the image is 

smoothed by using the filter proposed by Malik and Perona 

[53]. This method works on diffusion i.e. removing the noise 

by preserving the border information. Thereafter the edge is 

found using canny edge function. Then the image is refined to 

get only the carpal bones by excluding the unwanted bony 

pixels (morphological operators are used for this). Centroid is 

estimated for capitate bone. ROI is divided into five sectors 

with respect to the centroid for checking the presence of bones 

and their size and shape. Finally a fuzzy logic classifier is 

used for age assessment by giving these results as inputs. 

According to the authors the success rate was near to 100% 

for age>=2 and 80% for age<2 years. Authors had included 

radiographs of 0-7 years of males and 0-5 years for females. 

After the age above 7 years for males and 5 years for females 

the some of the carpal bones may overlap so, these age groups 

are excluded from research.  

2.2.9 Neural Network Based System: 
Another automated approach was given by Jian Liu et. al [54] 

in the year 2008. The authors used particle swam optimisation 

method for segmenting the image by matching different 

templates from the dataset. Then features were analysed using 

the edge detection followed by neural network training using 

one hidden layer with back propagation. Authors claim that 

the manual reading and automated readings were differing in 

coefficient variation of RUS and Carpal bones. Final results 

proved that the carpal bones are best to differentiate for 

age<=9 years and RUS for age>9 years. Overall the 

implemented concept was complicated with PSO and NN. 

Krit Somkantha et. al [55] used support vector machines and 

neural networks for extracting the borders of carpal bones for 

age assessment by comparing the atlas of [56].  
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2.2.10 Score Index Method: 
Metin Yildiz and et. al [59] developed a web site (using C# 

language and .NET environment) for age calculation in the 

year 2010. Only wrist bones were used for age assessment. 

So, the children less than 4 years have been excluded from the 

survey. The web site asks the user to load the image and 

thereafter prompts to choose the stages for each wrist bone. 

Based on these stages a score index gets created for each stage 

and finally bone age is estimated using the formula Bone age= 

1+index/10; The author found that the observer variations 

vary in TW and GP from -0.77 to -0.97 and -0.45 to 0.37 with 

95% confidence. The average computational time for TW2 

method is 2.4min and for GP is 0.8min while the manual 

approach was taking 9min. In this the user is expected to have 

prior knowledge to give the input for various stages, which is 

the key factor for index calculation. This may lead to errors in 

measurements and age predication. 

2.2.11 System Based on Histogram Technique: 
Histogram based automated system was developed by Marjan 

Mansourvar et. al [60] in 2012, initially user is provided with 

an option to feed an image over web link and then a histogram 

is generated using the ImageMagik software. Thereafter the 

content based image retrieval system is used to find the most 

relevant images from the database by assigning the ranks to 

the similar images (ranks are assigned using similarity score). 

Age is estimated using the ratio between highest ranked age 

from the retrieved images to the total number of ranked 

images. The system showed a huge variation for age less than 

10 years and on an average the error rate was -0.170625 years. 

The system also fails in most of the cases since an image 

histogram will be same for multiple images. Hough transform 

is used for the age assessment by Markus Brunk et. al [61] 

where the only the middle finger is used for analysis with a 

success rate of 95%.  

Recently in 2013 Shao-Yan Zhang and et. al [62] have given a 

research article on the automated bone age assessment on 

Chinese population. It was purely based on the BoneXpert 

software system. They developed a bone age scale table 

named as BX-China05 by comparing the age chart given by 

GP. The table describes the correction value needed to 

estimate the age for Chinese children age charts for boys and 

girls separately in the age group of 2 to 17 years. A BX-

China05 atlas has excluded age < 2 since it's the limitation of 

BoneXpert software. 

2.3 Limitations of Hand x-ray Analysis:  
 The main limitation of hand x-ray analysis is the 

age group. This can be used to estimate only the age 

up to 18 or 19 years. 

 The results vary for male and female. 

 The atlases developed will vary with regions. So, 

different atlases have to be generated for various 

countries and regions.  

 Age can't be estimated if the images have loss of 

data such as less no. of fingers, joint fingers, 

cracked bones etc. 

2.4 Automated Systems using Tooth 

Radiographs: 
In 1944 the first atlas was developed by Schour et. al [63] 

based on eruption of teeth. Later another atlas was designed 

by Moorres which was further modified by Anderson 

including all the tooth stages. Other than atlas there is also a 

score method available which assigns scores to each 

individual tooth and takes the average for age estimation [64]. 

Queen Mary University of London designed an atlas (UMAL-

Atlas)[65] for the age group between 7 months to 23 years by 

collecting the data from England, UK and London. They used 

Moorres method for age estimation and made atlas available 

over web for education. The automated systems are not much 

developed using this bone. 

2.5 Automated Systems using other human 

bone radiograph images: 
Automated bone age assessments using radiographs of other 

parts of the bones are not well studied in the research till date. 

Age assessment is mostly the manual approach. The hand-

held age atlases might not be available for other parts of the 

bones.  There is a huge scope in the research for age 

assessment using the knee image for age group above 19 

years. Skull image analysis can be used for age group zero to 

adult. So, one can think of automating these approaches. 

3. STORAGE CHALLENGES FOR 

IMAGES DATA SETS: 
Medical diagnoses by the researchers or scientists need a huge 

set of images for processing and analysing the desired tasks. 

The medical researchers of different countries need data 

exchange and outsourcing the image data over national and 

international health care research institutes. So, these images 

must be stored and managed through well-defined database 

models and tools. The current researchers are facing following 

challenges for storing and managing the medical data.  

 Data Collection: The image data will be in different 

formats such as X-ray, MRI, CT and DICOM etc. 

(png, jpeg, tif and etc.). Integrating into one 

common format is not an easy task. 

 Data Storing: The image data can't be stored in the 

available models (which are for text data). A new 

software or indexing method must be applied for 

this task. 

 Data Sharing: Providing the security for patient's 

information while sharing the data over multiple 

recipients is the biggest challenge in medical image 

analysis. So, image compression and image crypt-

analysis techniques must be used in this stage. 

 Data Managing and Management: Every health 

care organization has a limited storage space and 

memory capacities (in contrast the image data 

grows vary rapidly). So, storing and managing the 

data at one place for medical diagnosis is very 

tedious task.  

These challenges have been addressed by some of the 

developers during the past few years. BridgeHead Company 

[66] has been providing such services over 10 years. This 

company designed a platform to solve the above challenges 

efficiently using advanced techniques. A Cloud-Based 

environment is also provided by "FireHost Secure Cloud 

Hosting" which is one of the leading cloud service providers. 

They provided a cloud infrastructure for healthcare data 

management [67].  
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4. CONCLUSION AND FUTURE 

RESEARCH SCOPE: 
This paper was focused on the current research challenges for 

age assessment of human using radiographs of different 

bones. This paper is a survey paper of current approaches 

applied for age assessment using the image processing 

techniques. Various implementation approaches or algorithms 

were discussed which were used by many researchers for 

background pixels removal from x-ray images, bony pixels 

enhancement, edge detection or boundary extraction for bone 

shape, segmentation techniques for extracting the region of 

interest and finally decision making for age assessment (A 

summary of all methods are given in Table 1.  

This paper covered both manual and automated age 

assessment methods available till date. This ranges from skull, 

hand, pelvic and tooth etc. The automated system design is 

still an on-going research using these bones radiographic 

images. There are many automated approaches for the hand x-

ray analysis due to available atlases. For other bone 

radiographs the automated age assessment is not up to the 

mark. 

Many researchers have used the pre-processing, enhancement, 

segmentation techniques, fuzzy logic, neural network, active 

shape models and clustering methods for automated bone age 

assessment but still some of the unwanted pixels like 

background and soft tissue pixels still remain in the image 

during measurement calculations (for statistical analysis). 

This might cause miss-classification. This leads to future 

scope of research for using the morphological image 

processing, color image processing, frequency and spatial 

domain enhancement methods etc. for better age assessment 

and bone length measurement analysis.  

Storing images is also a major issue in this research. This 

focuses to the research direction in which better image 

compression techniques, image encryption and decryption 

techniques may be applied for storing, safe-sharing and 

managing the medial data over web for accurate age analysis. 

 

  

Table 1: Summary of Techniques for Bone Age Assessment  

Method Bone Used Atlas Type Advantages Disadvantages 

Greulich and 

Pyle method 

(GP) 

All the finger 

joint bones and 

carpal bones. 

Hand Atlas 1. Simple and reliable method 

to use, just by comparing the x-

ray with the atlas. 

2. Once found the age group 

the observer have to check for 

older and younger stages for 

exact age. 

1. Time consuming process.  

2. Around 22 joints have to be 

processed. 

3. The image must be very clear for 

estimating the age. 

4. Might lead to miss classification 

5. The observer must be an expert. 

Tanner and 

White-house 

method (TW) 

Bones joints 

including carpal, 

thump, middle 

and last finger. 

Hand  Atlas 1. Unlike GP it is based on 

maturity of skeleton bones.  

2. Based on numerical score 

assigned for each bone (rather 

than just shape). 

3. The age can be estimated 

using RUS or Carpal bones or 

Phalangeal bones (20) 

separately. 

4. Accurate than GP method. 

1. Time consuming process. 

2. Complex procedure (maturity scores 

are 8 for each bone). 

3.  Here also the image has to be clear 

enough for classification. 

4. The observer must be an expert. 

FELS method All the bone 

joints 

Digital Atlas 1. A new approach to age 

assessment using the maturity 

scores for all joints bones. 

2. Ease to understand and 

implement as a program. 

1. Too many points (above 130) are 

chosen for each bone. 

2. Not available as software/package:  so 

the researchers can't test and verify. 

Automated 

methods 

Carpal alone, 

Phalangeal 

bones alone, and 

Both carpal and 

Phalangeal 

Digital Atlas  1. Available over web either as 

free/licensed product for 

evaluation. 

2. The image processing 

methods are widely used for 

making the image clear. 

3. Less time consuming. 

4. Leads to accurate 

measurements. 

5. No prior knowledge is 

required for the user. 

1. Still need to be refined for better 

results. 

2. The observer must be a computer 

literate. 

 

 

 

Manual 

Methods 

Skull, Pelvis, 

rib, Spine, 

Knees, femur, 

Hand 

Hand Atlas 1. Easy to use and verify. 

2. Age assessment can be 

beyond teen age group. 

3. Gender can be estimated 

using some of these bones.  

 

1. Time consuming Process 

2. Lab tools dependent for measurement. 

3. Observer must be an expert 

4. Works only for dead humans. 
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