
  

 

Abstract—For many years, various studies have been 

conducted to determine methods to identify the age of living 

persons. Nowadays, the method most commonly used for the 

identification of age is bone age assessment. Bone age assessment 

is a method that is very frequently used in forensic cases and by 

child development specialists. However, the decision process in 

these assessments depends on the observations of a specialist; 

hence, the assessment results may vary from one specialist to 

another. The purpose of automatic assessment with computers is 

to render the decision process more objective, and to 

consequently allow more consistent results to be obtained. 

Studies in this area have drawn considerable attention to 

automatic assessment methods, especially following the 

developments in the area of image processing. In the current 

study, the Greulich-Pyle (GP) and the Tanner-Whitehouse (TW) 

methods used in computer-assisted bone age assessment were 

presented, and information was also provided regarding the 

automation of these methods. 

 
Index Terms—Bone age assessment, Greulich-Pyle method, 

Tanner-Whitehouse method, TW3. 

 

I. INTRODUCTION 

In medicine, the identification of bone age is used for the 

diagnosis, follow-up and treatment of diseases and endocrine 

disorders. It is also important in judiciary cases for 

establishing whether individuals are adults and have legal 

capacity. For example, Turkish laws and regulations divide 

individuals into different age groups from both a legal and 

penal perspective. Depending of the nature of the crime, a 

sentence or penalty may vary according the age group of the 

perpetrator. It is especially important to determine whether 

the individual in question is at least 7, 12, 15, or 18 years of 

age [1], [2]. 

In growing individuals, the bone age is the most commonly 

used criterion of biological growth and age. Bone age 

assessments are based on studying the stages of growth 

associated with skeletal development through the evaluation 

of hand and wrist radiographies. The level of skeletal maturity 

can, essentially, be determined based on two characteristics: 

The level of growth in areas undergoing ossification, and the 

level of calcium accumulation in those areas. From infancy to 

adulthood, these two characteristics follow a certain and 

specific pattern and timeline [3]. 

Studies performed from the beginning of the 20
th

 century to 

the present have made use of left hand and wrist radiographies 
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for assessment purposes. There are certain advantages 

associated with using only the left hand instead of both hands. 

In particular, using one hand reduces both the cost of 

procedures and the person’s exposure to radiation by half. 

The fact that the left hand has lower chances of experiencing 

accidents and injury due to the higher prevalence of 

right-handedness in most societies, and the fact that 

researchers performing the initial studies on bone age 

assessment preferred using the left hand are the leading 

reasons why the left hand is employed in bone age 

assessments. In the International Agreement for the 

Unification of Anthropometric Measurements to be made on 

Living Subjects, prepared during the Physical 

Anthropologists Congresses held in Monaco in 1906 and in 

Geneva in 1912, the decision was made that assessments on 

living persons should be performed on the left side of the 

body. In previously conducted studies, it was determined that 

differences between the two sides of the body were 

sufficiently minor, such that they would not lead to errors in 

the assessment of skeletal development [4]. 

 

II. METHODS USED FOR BONE AGE ASSESSMENT 

A. Greulich-Pyle Method 

There is currently no standard clinical method for the 

identification of bone age. The two methods most commonly 

used today are GP and TW methods.  

The method developed by Greulich and Pyle is based on 

matching hand and wrist radiographies with the most similar 

and compatible sample on the GP atlas, and accepting the 

bone age of the selected sample as the actual bone age of the 

examined case [5]. The standards determined by Greulich and 

Pyle consist of two standard templates, developed between 

1931 and 1942 from the hand and wrist radiographies of white, 

upper-middle class male and female children included in the 

Brush Foundation Growth Study. The standard templates 

developed for male children consist of 31 radiography images 

covering the growth stages between 0 and 19 years of age, 

while the standard templates for female children consists of 

27 radiography images covering the growth stages between 0 

and 18 years of age.  

The reason the template series were developed separately 

for female and male children is related to the fact that bone 

growth and development displays gender-related differences. 

When performing assessments according to the GP atlas, the 

first step involves the selection of the applicable template 

series based on gender. The radiography samples in this 

template series are then compared with the radiographies of 

the evaluated case. The atlas also describes the characteristics 
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to be examined during the comparisons between the 

radiographies. These comparisons are performed until the 

radiography that corresponds to the most to the studied case’s 

radiography is found. Finding a 100% match is generally 

difficult. In such cases, the closest matching template 

radiography is selected. 

B. Tanner-Whitehouse Method 

The Tanner – Whitehouse (TW) method is based on 

obtaining a score for the relevant bones through a detailed 

structural analysis, and the sum of points assigned to the 

bones based on this analysis [6]. Bone analysis and scoring 

process are used to assign the examined bones to a previously 

determined growth stage. 

As shown in the relevant figure (see Fig. 1), the bones that 

are subject to ossification analysis are the radius, the ulna, the 

short bones, and the carpal bones. For each stage of every 

bone, separate scores are used for female and male children. 

This assessment can be performed in two different ways: one 

approach is the use of the RUS score, which involves an 

assessment of the ulna and short bones; while the other 

approach is the use of the Carpal score, which involves and 

assessment of the carpal bones. 

 

 
Fig. 1. Hand and wrist bones. Carpal bones: 1-Trapezium, 2-Trapezoid, 

3-Capitate, 4-Hamate, 5-Triquetrum, 6-Lunate, 7-Scaphoid  

 

Each stage that the epiphysis undergoes from birth until the 

completion of ossification is coded with a letter, which begins 

at A and continues until H or I. “A” describes the stage and 

period in which ossification has not yet begun in any of the 

epiphyses. H or I, on the other hand, describe full bone 

maturation. 

During the evaluation of cases, the stages of all the relevant 

bones and the corresponding scores are determined with the 

aid of sample images and descriptions from the atlas. A total 

of 13 different RUS scores are determined by the sum of the 

scores assigned to the radius, ulna, and short bones; while 7 

different carpal scores are determined by summing the scores 

assigned to the carpal bones. Each one of these scores are 

scaled between 0 (not visible) and 1000 (full maturation). The 

obtained RUS or carpal scores are then used to identify the 

examined case’s bone age on RUS Bone Age or Carpal Bone 

Age tables, which are available in two separate versions for 

female and male children [1]. 

The TW method was updated over the years to provide the 

TW2 and TW3 methods. The TW method’s modular structure 

renders it suitable for automation; however, its complexity 

has caused it to become the least preferred method in manual 

assessments. The assessment process can take several minutes 

for an experienced radiologist, while a new and inexperienced 

radiologist may require much more time to complete the 

assessment. On the other hand, the GP method is far easier to 

implement due to its approach based mainly on comparisons 

of general appearance, which the human visual system is 

capable of performing quite rapidly. However, it is possible to 

state that the accuracy rate of this method rests more on the 

experience of the radiologist. 

In a study conducted by King et al., 50 bone age 

assessments were performed by 3 evaluators using both the 

GP and TW2 techniques [7]. In the study, the error margin 

was determined as 0.74 years for TW2, and as 0.96 years for 

GP. The average time spent on the assessments was 7.9 

minutes for the TW2 method, and 1.4 minutes for the GP 

method. 

The radiography samples in the GP atlas were developed 

based on the radiographies of American children; for this 

reason, the GP method is commonly used the United States of 

America. The TW method, on the other hand, was developed 

in the United Kingdom, and its use is preferred in Europe. 

 

III. COMPUTER-ASSISTED BONE AGE ASSESSMENT SYSTEMS 

Due to its modular structure, the TW method is more 

suitable and preferable for automation. For this reason, 

computer-assisted bone age assessment systems are generally 

based on imaging techniques that evaluate the extent of 

ossification in the carpal bones and the development of 

epiphyses on the phalanges. 

 

 
Fig. 2. General procedure for computer-assisted bone age assessment system. 

 

The different stages of computer-assisted assessments 

involve obtaining hand and wrist radiographies, the removal 

of any background and undesirable signals from the images, 

the separation and selection of the relevant area within the 

image, the identification of the relevant area’s characteristics, 

and the use of comparisons for age identification. Fig. 2 
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demonstrates the general procedure for computer-assisted 

bone age assessment system. 

Medical studies have indicated that due to the maturation of 

the carpal bones, it is not possible to clearly and conclusively 

identify the carpal bones in children older than 7-12 years of 

age [8]. The underlying reason for this is the overlapping of 

carpal bones that begin at the age of 7 years in male children, 

and at the age of 5 years in female children. After the age of 7 

years, using the phalanges to analyze the development stage 

will yield more reliable results [9]. 

Fig. 3 demonstrates the growth pattern of carpal bones of 

Asian males from newborn to 7 year old. Carpal bones 

ossified in chronological order, Capitate, Hamate, Triquetral, 

Lunate, followed usually by Scaphoid, then either the 

Trapezium or the Trapezoid [9].  

 

 
Fig. 3. Growth pattern of carpal bones of male children. The number 

represents the corresponding age group for each image. 

 

 
Fig. 4. Metaphysis, Epiphysis and Diaphysis in a Phlange 

 

In phalangeal analysis, development of epiphysis and 

metaphysis is monitored (see Fig. 4). Epiphyses usually ossify 

after birth. At the early stage of skeletal development the 

epiphyses are separated from the metaphyses. With increasing 

age, the bony penetration advances from the initial focus in all 

directions (see Fig. 5). In the later stage the gap between 

epiphysis and metaphysis starts disappearing and fusion 

begins. It continues until fusion is completed and one adult 

bone is found [10]. 

 

 
Fig. 5. Growth pattern of phalanges of male children. The number represents 

the corresponding age group for each image. 

In the studies that have been conducted to date, the 

identification of the necessary characteristics (such as the 

boundaries of the bones) prior to bone age assessments was 

performed through the use of various methods. Pietka et al. in 

[11], proposed a method which used mathematical 

morphology for extracting objects from the thresholded 

image. A computer-aided system to estimate bone age based 

on Fourier analysis was assessed by reference to the original 

radiographs used to produce the Tanner-Whitehouse 2 (TW2) 

standards for the radius, ulna and short finger bones [12]. In 

Reference [10], an approach based on wavelet processing for 

extracting carpal bones that are fused is proposed. De Luis 

Garcia 

detecting bone contours from hand radiographs using active 

contours [13]. Niemeijer et al. proposed a method that 

landmarks are detected using an Active Shape Model [14]. 

After the necessary characteristics were identified, Fuzzy 

Logic, the Artificial Neural Network, and Support Vector 

Regression methods were commonly used for assessing bone 

age and classification [15]–[17]. 

 

IV. CONCLUSION 

Aside from hand and wrist radiographies, the identification 

of bone age can also be performed through the evaluation of 

teeth, elbow, shoulder, and pelvis radiographies, and the 

assessment of the numerous ossification centers in these areas 

[18], [19]. However, the use of hand and wrist radiographies 

has many advantages in comparison to the other areas, such as 

lower exposure to radiation, the use of a simple radiographic 

position, and the use of specific number of bones.    

As bone development depends on many genetic and 

environmental factors, it is necessary to constantly update the 

data and related information on this subject, and to adapt 

these data and information according to present-day 

conditions and societies [1].    

It may not be possible to determine bone age exactly to a 

specific day; however, an assessment that is close to the actual 

age, with only a difference of few months, can be achieved. 

We may encounter situations in which even a difference of 1 

year in age is very important, especially in legal cases. For this 

reason, these studies are of greater importance for ensuring 

that the assessment procedures are performed more 

objectively and reliably; for ensuring that the assessments can 

be performed by an assisting program in case an expert is not 

available; and for ensuring that the assessment results can be 

obtained within a shorter frame of time. 
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