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A Simplified Method to Determine the  
Potential Growth in Orthodontics Patients 

Gladia Toledo Mayarí 
School of Dentistry/ Havana Medical University  

Cuba 

1. Introduction 

The current Orthodontics worries is about the early correction of malocclusion, giving 
importance to the harmonization of the bone bases in connection with the discrepancy and 
positioning of the teeth, that can be corrected in any time of life, for what is of great 
importance is to know the biggest peak of growth (Peluffo, 2001; Quirós 2000). 

The maturation stages can have a considerable influence in the diagnosis, the goals of the 
treatment, the planning and the eventual result of the orthodontic treatment (Madhu et al., 
2003; Toledo 2004).  

The clinical decisions with regards to the use of the extraoral force, functional appliances, 
the treatment without extractions and the orthognatic surgeon is based on the 
considerations of the growth, for this reason, the prediction of the quantity of active growth, 
mainly in the craniofacial complex, are useful to the orthodontists (Toledo, 2004). 

The orthodontic diagnosis has a group of stages in those that have multiple evaluation 
factors which are used in the study of the malocclusions. In general evaluation of a patient, 
it is important to consider the general physical development and the potential growth 
(Quirós 2000). 

The pubertal growth spurt of is an advantageous period in the orthodontic treatment and it 
should be kept in mind in connection with the planning of the treatment. One of the 
objectives of the orthodontic treatment during the adolescence, in the cases with skeletal 
discrepancies is to take advantage of the changes of growth of the patient. (Fiani, 1998; 
Padrós & Creus, 2002). 

In the adolescent, the phase of somatic maturity can influence in the selection of the 
appliances, the course of the treatment and the retention after the therapy (Geran et al. 2006). 
Because of this the study and the knowledge of the maturation stage and the phase of 
growth of the patient, is very important for making more efficient therapy. Authors like 
Nanda (Nanda, 1955), Björk and Helm (Björk & Helm, 1967), and Hägg and Taranger (Hägg 
& Taranger, 1980a, 1980b, 1982) established that the pattern of growth and facial 
development is similar to that of the general skeletal growth, and that the maximum peak of 
pubertal growth of the craniofacial structures occurs between 6 and 8 months after the 
maximum peak of pubertal growth in the stature.  
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Due to the wide individual variation, the chronological age cannot be used in the 
evaluation of the pubertal growth (Fiani, 1998), for that reason is appealed to determine 
the biological age. It is calculated starting from the bone, dental, morphological and 
sexual ages (Ceglia, 2005).  

The study of the bone maturation is the surest and reliable method to evaluate the biological 
age of the individuals and to fix the physiologic maturity (Gutiérrez Muñiz et al. 2006).  

In spite of the difficulties that outline the different existent methods (quality of the X-ray, 
minimum modifications of the projection, variability intra and inter observant, errors in 
the reading of the online systems, population in which the method is based, etc.) the 
evaluation of the bone maturation is indispensable in the clinical practice, since it is a 
parameter of great importance in the study of the alterations of the growth (Paesano  
et al, 1998). 

The hand, the wrist and the distal epiphysis of the radius and the ulna present a great 
number of secondary centers of ossification on the whole, and they can reproduce in a single 
X-ray. For this reason, they are often chosen as study centers when it is sought to determine 
the state of skeletal maturation, although other centers of ossification of secondary epiphysis 
can be used, such as, the elbow and the tarsal bones (Cha, 2003). 

Todd, in 1937, was the first author that mentioned the term "determinant of the maturity", 
when referring to the gradual changes that occur on the growth of the cartilage during the 
trial of coalition of the epiphysis with the diaphysis and that they can be determined by 
studying radiographic plaques (Quirós Álvarez, 2006). Years later Greulich and Pyle called 
them indicators of maturity and in 1959 they established the norms of skeletal age to value 
the bone maturation of the complete hand (Greulich & Pyle, 1959). As the different 
epiphyses don’t often mature at the same time, discrepancies that are resolved with 
subjective trials which subtract precision to the method arise (Tanner et al. 1983). 

Tanner and Whitehouse (Tanner et al. 1983), develop the method Tanner - Whitehouse 2 
(TW2) to evaluate the bone development, through X-rays of the lefts hand and wrist, which 
has had great acceptance for their precision, being used at the present time in numerous 
countries (Izaguirre de Espinoza et al. 2003; Jiménez Hernández et al., 1986; Ortega  
et al., 2006). 

In 1979, the professor Jordan (Jordan, 1979) publishes the results of the Study of Physical 
Growth in Cuba, where it uses the method TW2 in the determination of the bone 
maturation. Later on, in 1987 a group of investigators of the Department of Growth and 
Human Development determine the patterns of the Cuban population's bone maturation for 
sex and race through the method TW2 (Jiménez JM et al., 1987). This method is one of those 
that is used in Cuba in the evaluation of the bone maturation (Abreu Suárez et al., 1995).  

Some authors have looked in the X-rays of the hand specific indicators of the spurt of 
pubertal growth (Fishman, 1982). Björk and Helm (Björk & Helm, 1967) and Gupta (Gupta, 
1995) point out as a reliable indicator of the installation of the puberty, the beginning of the 
ossification of the sesamoid bone. Toledo (Toledo, 2004) and Rakosi and Jonas (Rakosi & 
Jonas, 1992) affirm that the appearance of the hook of the hamate bone is also a good 
indicator of the installation of the puberty.  
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In Maxillary Orthopedics one of the most utilized methods in the evaluation of the growth 
potential has been the one of Grave and Brown (Rakosi & Jonas, 1992; Tedaldi et al., 2007) 
that it divides the process of maturation of the bones of the hand in nine stages, between the 
9th and the 17th year of age. The ossification characteristics are detected to the level of the 
phalanges, bones of the carpus and radius, and the stages of growth of the fingers are 
valued according to the relationship between the epiphysis and the diaphysis (Fiani, 1998). 
The evaluation of the Grave and Brown’s method is recommended by Ortiz et al. (Ortiz et 
al., 2007), Spinelli Casanova et al. (Spinelli Casanova et al, 2006) and Pancherz and Hägg 
(Pancherz & Hägg, 1985) before the therapeutic interceptive in Orthodontics patients, to 
choose the ideal treatment according to the stages of bone maturation that the patient 
presents, diminishing this way the time in the use of the appliances and making them more 
effective. Previous to the realization of this investigation (Toledo Mayarí & Otaño Lugo, 
2010a, 2010b, 2010c), was not reported in Cuba the use of Grave and Brown’s method. 

The inconvenience that presents the evaluation of the bone maturation through the hand 
in orthodontics patients , is the use of an additional X-ray for the patient, besides that this 
is not carried out with the dental X-ray machine, being necessary to remit the patient to a 
radiology service. 

The current tendency in Orthodontics is to reduce the number of X-rays to the strictly 
necessary ones (Bujaldón Daza et al., 1998), for that indexes of skeletal maturation have been 
developed with the profiles of the bodies of the cervical vertebras that generally appear in 
the lateral teleradiography of skull used for the orthodontist diagnostic (Ortiz et al., 2007), 
being discharges correlations in the evaluations of the bone age between the cervical 
vertebras and the bones of the hand (Edilmar et al., 2005; Gandini et al., 2006; Hassel & 
Farman, 1995; San Roman et al., 2002; Uysal et al., 2006).  

Also with the objective of substituting the X-ray of the hand that constitutes an additional 
exhibition to radiations in the patients of Orthodontics, Leite et al. (Leite et al., 1987), 
analyze the first three fingers, which include in the lateral teleradiography of skull and they 
don't find significant differences between the analysis of the bone maturation of the total 
hand and that of the three fingers. Shigemi Goto et al. (Shigemi Goto et al., 1996) and Rossi 
et al. (Rossi et al., 1999), analyze the changes at level of the first finger, in the distal phalanx 
and in the proximal respectively, finding that the evaluations at level of the phalanges 
constitute a quick and useful clinical method, to evaluate the growth potential in patient of 
Orthodontics. Madhu et al. (Madhu et al., 2003) and Ozer et al.((Ozer et al., 2006) use the 
stages of maturation of the middle phalange of the third finger, visualized in an X-ray of 
41x31mm., taken with a machine of dental X rays conventional, where they find out that the 
evaluation of the stages of maturation of the middle phalanx of the third finger, constitutes 
an alternative method that can be used to determine the bone maturation, of the children in 
growth. Previous to the realization of this investigation, was not reports that in Cuba the 
patient's growth potential was evaluated through the middle phalange of the third finger, 
that which motivated us to determine the stages of maturation of that phalange and to 
identify the concordance between these and the stages of skeletal maturation, whereas 
clause that of existing concordance among the same ones, we will have a simplified method, 
for the determination of the growth potential, without the necessity of using an X-ray of the 
hand and an additional X-rays machine.  
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Problem of Investigation:  

Whereas clause that in Orthodontics the evaluation of the growth potential has influence in 
the diagnosis, the treatment plan, the results and the prognostic of the treatment, and that 
the evaluation of the bone maturation through the X-ray of the hand, that is the anatomical 
area that is used in the evaluation of the bone maturation in Cuba, constitutes an additional 
X-ray for the tributary patients of orthodontist treatment, it would be necessary to respond:  

What is the bone age of our patients?  

What stages of skeletal maturation and of maturation of the middle phalange of the third 
finger they do present the same ones?  

What is the relationship between the bone age and the chronological age, the stages of 
skeletal maturation and the stages of maturation of the middle phalange of the third finger 
in our patients?  

What concordance does it exist among the methods to determine the growth potential in 
patient of Orthodontics?  

The formulation of these questions forms the bases of a hypothesis that can be defined as it 
continues:  

Considering that the growth potential constitutes the grade of growth becomes for the 
individual between the state in the moment of the exam and the definitive ceasing of this. In 
the determination of this potential, inside the diagnosis in Orthodontics, you can substitute 
the radiographic of the hand, being clinically useful the analysis of the bone maturation 
through the middle phalange of the third finger.  

To give answers to the questions and the hypothesis, the following objectives were 
formulated:  

General objective: To propose a simplified method to determine the growth potential in 
Orthodontics patient.  

Specific objectives:  

1. To determine according to sex and chronological age: the bone age, the stages of 
skeletal maturation and the stages of maturation of the middle phalange of the third 
finger.  

2. To identify the relationship between the bone age and: the chronological age, the stages 
of skeletal maturation and the stages of maturation of the middle phalange of the third 
finger.  

3. To identify the concordance between the studied methods.  

2. Background  

In this epigraph are approached theoretical aspects of great importance in the specialty of 
Orthodontics that were considered in this investigation, due to the great majority of the 
children that go to the clinic and they are tributary of orthodontic treatment, they are in 
periods of growth and development, reason why when ignoring their biological age, we 
could incur in errors when outlining a diagnosis, prognostic and treatment plan. 

www.intechopen.com



 
A Simplified Method to Determine the Potential Growth in Orthodontics Patients 

 

157 

The terms of growth and development are used to indicate the series of changes of volume, 
forms and weight that suffers the organism from the fecundation until the mature age 
(Cannut Brusola, 1988; J. Mayoral & G. Mayoral, 1990).  

The growth in an individual's active development, is a continuous phenomenon that 
begins in the moment of the conception and it culminates at the end of the puberty, period 
during which reaches the maturity in their physical, psycho-social and reproductive 
aspects. Both processes have characteristic communes to all the individuals of the same 
species, what makes them predictable, however, they present wide differences between 
the subjects, given by the pattern's of growth individual character and development. This 
typical pattern emerges on one hand of the interaction of genetic and environmental 
factors that establish the growth potential and for other, the magnitude that this potential 
is expressed (Proffit, 1994).  

The chronological age, that constitutes the time lapsed from the birth until the moment of 
the exam (Proffit, 1994), it doesn't always allow to value the development and the patient's 
somatic maturation, for that is appear to determine the biological maturity (Fiani, 1998). 

According to Gutiérrez Muñiz et al. (Gutiérrez Muñiz et al., 2006) "the concept of biological 
maturity is defined as the successive transformations through the time, from the conception 
until the adulthood, existing two applicable fundamental methods at the present time for its 
evaluation: the bone age and the dental age". 

The bone age is established determining radiograph of the number and size of the centers of 
ossification epiphysis, which should be compared with the existent norms for each age and 
sex (Recalde Cortes et al. 1997; Tanner et al., 1983). Each bone begins with a primary center 
of ossification that will grow progressively at the same time that is remodeled being able to 
acquire an or more epiphysis and finally it will acquire the mature form with the coalition 
from the epiphysis to the body of the bone. The sequence for each bone is the same as for the 
events that will happen in it, taking place independently late to the grade or advance with 
regard to the chronological age (Cattani, 2003; Fiani, 1998; Proffit, 1994). 

The potential growth constitutes the grade of growth becomes for the individual between 
the state in the moment of the exam and the definitive ceasing of this (Proffit, 1994). It is 
given by the existent relationship between the bone age and the chronological age: to 
smaller bone age for a certain chronological age the individual's growth potential will be 
bigger, that is to say, the grade late of the bone age in connection with the chronological age 
reflects theoretically the years of growth residual extra or, that is the same thing, the years of 
growth that he has left before the closing of the epiphysis (Cattani, 2003; Proffit, 1994). 

Theoretically, any part of the body can be used to determine the bone age, but in practice the 
hand and the wrist, are the most used, because they possess a great number of bones and 
epiphyses in development what allows the pursuit of the changes that happen through the 
years of the growth (Freitas et al. 2004; Jordan, 1979). They are also the most convenient 
areas to value the bone maturation, to be far from the gonads and to need less radiation 
(Jordán et al. 1987; Recalde Cortes et al. 1997).  

The methods that are used to evaluate the growth potential of the left hand are: the TW2 
that determines the bone age according to the maturation stages of each one of the bones; 
and the Grave and Brown that divides the process of maturation of the bones in nine stages 
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of skeletal maturation. These two methods have disadvantage for the Orthodontics patients 
because the use of an additional X-ray, which is not carried out in the dental X rays machine, 
being necessary the patient's remission. 

The current tendency in Orthodontics in the evaluation of the bone maturation is to 
reduce the number of X-rays to the strictly necessary ones (Bujaldón Daza et al., 1998), for 
that investigators exist as: Hassel and Farman (Hassel & Farman, 1995) that they try to 
develop some indexes of skeletal maturation with the profiles of the bodies of the cervical 
vertebras that appear in the lateral teleradiography of skull used for the orthodontist 
diagnostic. The advantages of using the cervical vertebras, it is centered in the reduction 
of radiographies to those that are subjected to the patients and for the easiness of 
consenting to the same ones (Ortiz et al., 2007).  

Also in patient of Orthodontics with the objective of doing without of the X-ray of the hand 
that constitutes an additional exhibition to radiations, and it implies the use of a machine of 
rays X that is not used in a conventional way in Dentistry; the evaluation of the bone 
maturation has been used and of the growth potential through the development of the 
phalanges, that also has the purpose of simplifying the estimate, since alone the changes are 
analyzed at level of some phalanges, according to the relationship between the epiphysis 
and the diaphysis (Madhu et al., 2003).  

Inside the diagnosis in Orthodontics, it is very important the evaluation of the growth 
potential, since most of the patients that require orthodontist treatment, are in a period of 
active growth, and with the treatment it can modify the facial growth, well be braking it, 
accelerating it or forward a normal vector (Tedaldi et al, 2007). According to Proffit (Proffit, 
1994) it is not possible to modify a growth that is not taking place, and if a functional 
apparatus is placed on a patient that is not growing, the obtained result will be almost 
totally a dental mobilization. 

The children with maxillary discrepancies usually benefit from the application of techniques 
to modify the growth. Since the bones of the face, and in particular the maxillary ones, suffer 
spontaneous changes during the different phases of growth, before establishing a treatment 
to correct skeletal malocclusions, it is necessary to know the opportune moment to begin the 
same one, according to the growth potential that the patient presents, to make more efficient 
our therapy (Tedaldi et al., 2007, Proffit, 1994).  

The guiding principle is that growth can only be modified when it is occurring (Proffit, 
1994), there is the importance of knowing the growth potential that the patient presents, 
when we carry out the diagnosis of the skeletal problems. Keeping in mind these aspects 
motivates ourselves to determine in the same sample three appraisal methods of the growth 
potential (Method TW2, Serious method and Brown, and determination of the stages of 
maturation of the half phalange of the third finger), with the objective of to propose a 
simplified method to determine the growth potential in patient of Orthodontics. 

3. Methodological design 

A cross-sectional technological innovation research was conducted in the period of 
January 2004 to April 2007, in the Clinic of Orthodontics of Havana School of Dentistry, in 
a sample of 150 patients between 8 and 16 years of age. A sampling was used by quotas 

www.intechopen.com



 
A Simplified Method to Determine the Potential Growth in Orthodontics Patients 

 

159 

according to sex and age, being divided in two groups, 75 for each sex. The patients were 
selected with previous condition to present good state of general health; to have measures 
of weight and height, that were between 10 and 90 percentile, of the Cuban Score of 
Weight for Height (Gutiérrez Muñiz et al., 2006); absence of chronic illnesses; absence of 
oligodontias; absences of congenital malformations; that they didn't have treatment 
corrective of the spinal column ; the need for the characteristics of their malocclusion, the 
realization of a lateral teleradiography of skull to complete their diagnosis; and to have 
signed the informed consent in writing.  

3.1 Variables 

Were studied the variables: chronological age, bone age (TW2), sex, stages of skeletal 
maturation and stages of maturation of the middle phalanx of the third finger.  

Chronological age: Was considered the decimal age (Jordán, 1979): For the calculation, we 
subtracted the boy's date of birth and the date of the exam. The numeral was provided by the 
last two digits of the year and the decimal fraction was looked for in the table of decimal age.  

Bone age (TW2): Was calculated in dependence of the sum of the punctuation of each stage 
for Radius, Ulna and Fingers, according to the patterns of the Cuban population's bone 
maturation, for the method TW2 (Jiménez et al., 1987).  

Sex: Female and male.  

Stages of skeletal maturation: Was classified according to Grave and Brown’s method in 
stages of the 1 at 9.  

Stages of maturation of the middle phalanx of the third finger: Was classified according to 
the relationship among the epiphysis and the diaphysis in one of the following stages 
(Toledo, 2004):  

a. The epiphysis has smaller width than the diaphysis.  
b. The epiphysis has the same width with the diaphysis.  
c. The epiphysis surrounds the diaphysis by way of cap.  
d. Begins the coalition between the epiphysis and the diaphysis.  
e. Where the epiphysis becomes ossified with the diaphysis.  

3.2 Ethical aspects 

With all the patients that participated in the investigation and their parents, an interview 
was conducted before the beginning of that, where they were explained on what it consisted 
with the study, frequency, evaluation type and the radiological protection measures that 
would be taken for not damaging the patient's health. If they agreed, the patients and their 
parents should sign the informed consent, approving their holding in the study. 

3.3 Technical and procedures of obtaining the information 

3.3.1 For the determination of: The bone age and the stages of skeletal maturation 

Firstly you proceeded to each observer's training in the appraisal methods of the studied 
maturation. The information was picked up and analyzed by two residents and two 
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specialists of Orthodontics, each resident and each specialist determined in the same 
sample, one of the two methods of study of the maturation analyzed in this investigation 
(method TW2 and method of Grave and Brown).  

To each patient was made the clinical history of Orthodontics and was realized an 
radiographic of the left hand (Fig. 1) where they were determined: the bone age for the 
method TW2 (Jiménez et al, 1987) and the stages of skeletal maturation for the method of 
Grave and Brown (Tedaldi et al. 2007). 

 
Fig. 1. Radiographic of the left hand. 

The radiographic of the left hand was realized with the same regulations that the utilized 
ones in the National Study of Growth and Human Development in Cuba, carried out by 
Jordan (Jordán, 1979).  

Each radiographic of the left hand was evaluated by the resident and the specialist in a first 
observation and in three weeks later in a second observation; that is to say a total of four 
times to calculate the variability inter and intra observant. The cases where discrepancy 
existed they were studied again to obtain the final results. 

3.3.2 To determine the stages of skeletal maturation of the middle phalanx of the third 
finger of the left hand 

In a paper of size Letter (21,59 cm. x 27,94 cm.), at a distance of 10 cm. of the superior margin 
and 10 cm. of the left margin, the contour of a film dental standard, Kodak marks, of 41x31 
mm. was traced, and it was clipped by the traced area, being an opening in the paper with 
the dimensions of the dental film.  

The paper was placed on the X-rays of the left hand of the 150 studied patients, it was made 
coincide the opening of the paper on the union between the middle phalanx and the 
proximal phalanx of the third finger and it was placed on a fixed negatoscope (Fig. 2). 
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Fig. 2. Placement of the prepared paper on the union between the middle phalanx and the 
proximal phalanx of the third finger, in the radiographic of the left hand. 

The analysis of the radiographic was carried out using a compass to measure the bone size 
in the middle phalanx and the maturation stage was classified with A to E, according to the 
classification proposed by Toledo (Toledo, 2004). With this procedure it was possible to 
locate each patient evaluated in a stage of maturation of the middle phalanx of the third 
finger, the same one was carried out by the main investigator and a specialist in 
Orthodontics, member of the investigation team, in two different opportunities to calculate 
the variability intra and inter observant. 

3.4 Technical and procedures of elaboration and analysis 

The information was stored in a data base automated in the system Excel, of the package 
Office 2003 on Windows XP professional and for the prosecution of the results the statistical 
packages SPSS version 11.5 and STATISTICA version 6.1 were used.  

To calculate the variability intra and inter observant in the studied methods, the coefficient 
Kappa was applied (Begole, 2003).  

The percentage was used for the qualitative variables and for the quantitative variables the 
arithmetic mean like measure summary and the standard deviation like variation measure 
(Bayarre et al. 2005).  

You prove statistics employees: The association grade was calculated among the 
quantitative variables by means of the lineal correlation coefficient of Pearson (Begole, 2003) 
and the association grade among the variables in ordinal scales by means of the correlation 
coefficient of ranges of Spearman (Begole, 2003). To calculate the concordance among the 
results obtained in the studied methods, the coefficient Kappa was applied (Begole, 2003).  

In all the used statistical tests, the used level of significance was of 0.05.  

The results were presented in tables designed to the effect.  
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4. Results  

In this epigraph the main results are presented, it contains the analysis of 6 tables.  

The analysis of the variability intra and inter observant, their agreement was evaluated 
regarding the methods studied by means of an index Kappa. With relationship to the 
variability intra observant, that is to say, the level of discrepancy with regard to the 
valuations of oneself after three weeks, discrepancies didn't exist, in the three valued 
methods, being the agreement of 1,000 in the 150 cases, in each one of the methods. With 
relationship to the variability inter observant, that is to say, the level of discrepancy with 
regard to the valuations among the two observants, discrepancies didn't exist among these, 
being the agreement of 1,000 in the 150 cases, for these three methods. 

4.1 Determination according to sex and chronological age of: The bone age, the 
stages of skeletal maturation and the stages of maturation of the middle phalanx of 
the third finger 

4.2 Identification of the relationship among the bone age and: The chronological age, 
the stages of skeletal maturation and the stages of maturation of the middle phalanx 
of the third finger 

Table 1 shows the arithmetic mean and the standard deviation of the chronological age and 
the bone age, calculated by the method TW2, according to groups of ages in the feminine 
sex, were found that in the groups of ages that were between the 8,00 and the 12,99 years 
and of 15.00 to 16.99 years, the bone age was bigger than the chronological one, being 
smaller in the remaining groups of ages. The coefficient of lineal correlation of Pearson 
among the bone age (TW2) and the chronological one presented a value of 0,977; that which 
signifies a very strong positive correlation, highly significant (p <0,010). 

 

Group of Ages 
Chronological age Bone age (TW2) 

X1 DE1 X2 DE2 

8,00-8,99 8,38 0,33 8,72 1,22 
9,00-9,99 9,87 0,17 10,55 0,47 

10,00-10,99 10,53 0,33 10,58 0,98 
11,00-11,99 11,58 0,24 12,36 0,47 
12,00-12,99 12,75 0,20 13,32 0,89 
13,00-13,99 13,42 0,28 12,57 0,73 
14,00-14,99 14,86 0,01 14,78 0,46 
15,00-16,99 15,19 0,14 15,20 0,70 

 

r= 0,977 p = 0,000 n =75  
r (lineal correlation coefficient of Pearson among bone age (TW2) and chronological age).  

Table 1. Arithmetic mean (X) and standard deviation (DE) of chronological age and bone 
age (TW2) by groups of age in females.  
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Table 2 shows the arithmetic mean and the standard deviation of the chronological age and 
the bone age calculated by the method TW2 according to groups of ages in the masculine 
sex, it was found that in the groups of ages that were between 8,00 and 12,99 years, the bone 
age was smaller than the chronological one, being bigger starting from 13,00 years. The 
coefficient of lineal correlation of Pearson among the bone age (TW2) and the chronological 
one presented a value of 0,983; that which signifies a very strong positive correlation, highly 
significant (p <0,010). 

 
 

Group of Ages 
Chronological age Bone age (TW2) 

X1 DE1 X2 DE2 

8,00-9,99 8,98 0,66 8,94 0,97 
10,00-10,99 10,83 0,03 9,96 0,87 
11,00-11,99 11,40 0,35 11,35 0,92 
12,00-12,99 12,66 0,35 12,36 0,94 
13,00-13,99 13,44 0,20 14,24 0,47 
14,00-14,99 14,52 0,20 14,83 0,37 
15,00-15,99 15,55 0,20 15,61 0,48 
16,00-16,99 16,40 0,20 16,46 0,61 

 

r = 0,983 p = 0,000 n =75  
r (lineal correlation coefficient of Pearson among bone age (TW2) and chronological age).  

Table 2. Arithmetic mean (X) and standard deviation (DE) of chronological age and bone 
age (TW2) by groups of age in males. 

Table 3 shows the arithmetic mean and the standard deviation of the chronological age 
and the bone age (TW2) according to stages of skeletal maturation and sex, it was found 
that in each maturation stage, the averages of the chronological age were smaller in the 
feminine sex than in the masculine one. With relationship to the bone age calculated by 
the method TW2, in the feminine sex the averages of the same one went superior to those 
of the chronological age, in all the studied stages, however, in the masculine sex the bone 
age overcame the chronological one in the stages 4, 5, 6 and 8. The stages 4 and 5 are those 
of more clinical significance, belonged together with the chronological ages of 11,35 and 
11,77 years in the feminine sex and 13,76 and 13,82 years in the masculine one and with 
the bone ages of 11,78 and 12,34 years in the feminine sex and of 14,20 and 14,57 years in 
the masculine one. It was observed that the females were earlier in their maturation stages 
than the males and that the stages advanced as it increased the chronological age and the 
bone age of the patients, in both sexes. The coefficient of correlation of ranges of 
Spearman among the bone age (TW2) and the stages of skeletal maturation presented a 
value of 0,855 in the feminine sex and 0,903 in the masculine one, both sexes showed a 
positive correlation, very significant (p <0,010). In the studied sample they were not 
patient in the stage 9.  
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Stages of skeletal 
maturation 

Chronological age Bone age (TW2) 
Female Male Female Male 

X1 DE1 X1 DE1 X2 DE2 X2 DE2 
1 8,59 0,66 11,38 1,34 8,97 1,25 10,66 1,11 
2 10,06 0,54 11,61 0,87 10,25 0,71 10,50 1,20 
3 11,63 1,35 11,71 0,65 11,82 0,84 10,50 0,89 
4 11,35 1,71 13,76 0,80 11,78 1,18 14,20 0,14 
5 11,77 1,18 13,82 1,13 12,34 0,99 14,57 0,72 
6 13,34 0,97 14,96 0,97 13,77 0,79 15,46 0,54 
7 15,31 0,17 16,35 0,48 15,45 0,07 16,08 0,62 
8 14,24 0,98 16,25 0,23 14,45 1,03 16,56 0,28 

Sex Female rho= 0,855 p = 0,000 n =75  
Sex Male rho= 0,903 p = 0,000 n =75  
rho (Correlation coefficient of Spearman among bone age (TW2) and stages of skeletal maturation. 

Table 3. Arithmetic mean (X) and standard deviation (DE) of chronological age and bone 
age (TW2) by stages of skeletal maturation and sex. 

Table 4 shows arithmetic mean and the standard deviation of the chronological age and the 
bone age (TW2) according to stages of maturation of the middle phalanx of the third finger 
and sex, it was found that in all the maturation stages the averages of the chronological age 
were smaller in the feminine sex than in the masculine one. In feminine sex the bone age 
overcame the chronological one in all the stages and in the masculine one in the stages B, C 
and E. The stage C (cap stage), it happened that 11,77 year-old chronological age and the 
bone one of 12,34 years, with a standard deviation of 1,18 and 0,99 years respectively in the 
females, while in the males, went to the 13,82 years and 14,57 years, with a standard 
deviation of 1,13 and 0,72 years respectively. It was observed that the females were earlier in 
their maturation stages than the males. The coefficient of correlation of ranges of Spearman 
among the bone age (TW2) and the stages of maturation of the middle phalanx of the third 
finger presented a value of 0,888 in the feminine sex and 0,921 in the masculine one, both 
sexes showed a positive correlation, very significant (p <0,010).  
 

Stages of maturation of 
the middle phalanx of 
the third finger 

Chronological age Bone age (TW2) 
Female Male Female Male 

X1 DE1 X1 DE1 X2 DE2 X2 DE2 
A 8,59 0,66 11,38 1,34 8,97 1,25 10,66 1,11 
B 11.55 1.4 13.06 0.71 11.52 0.92 13.25 0.92 
C 11,77 1,18 13,82 1,13 12,34 0,99 14,57 0,72 
D 13.83 1.23 15.93 0.86 13.59 1.17 15.7 0.63 
E 14.24 0.98 16.25 0.23 14.45 1.03 16.56 0.28 

Sex Female rho= 0,888 p = 0,000 n =75  
Sex Male rho= 0,921 p = 0,000 n =75  
rho (Correlation coefficient of Spearman among bone age (TW2) and stages of maturation of the middle 
phalanx of the third finger 

Table 4. Arithmetic mean (X) and standard deviation (DE) of chronological age and bone 
age (TW2) by stages of maturation of the middle phalanx of the third finger and sex. 
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4.3 Identification of concordance between the studied methods 

Table 5 shows the percentages of females according to the stages of skeletal maturation and 
stages of maturation of the middle phalanx of the third finger, it was found that in the stage 
of skeletal maturation 1, 100,00% was in the stage A of maturation of the middle phalanx of 
the third finger; in the stages 2, 3 and 4, 100% was in the stage B of the phalanx; in the stage 
5, 100% was in the C; in the 6 and the 7, 100,00% was in the stage D and in the stage 8, 
100,00% was in the stage E of the phalanx. The coefficient of concordance Kappa between 
the stages of skeletal maturation and the stages of maturation of the middle phalanx of the 
third finger, presented a value of 1,000 that which evidenced a perfect concordance, very 
significant (p <0.010).  

 
 
 

Stages of 
skeletal 
maturation 

Total 

Stages of maturation of the middle phalanx of the third finger 

A B C D E 

# % # % # % # % # % 

1 12 12 100,00 - - - - - - - - 

2 8 - - 8 100,00 - - - - - - 

3 10 - - 10 100,00 - - - - - - 

4 4 - - 4 100,00 - - - - - - 

5 15 - - - - 15 100,00 - - - - 

6 6 - - - - - - 6 100,00 - - 

7 2 - - - - - - 2 100,00 - - 

8 18 - - - - - - - - 18 100,00 
 

 

Coefficient Kappa = 1,000 p=0,000 n=75 

Table 5. Percentage of females according to stages of skeletal maturation and stages of 
maturation of the middle phalanx of the third finger. 

Table 6 shows the percentages of males according to the stages of skeletal maturation and 
stages of maturation of the middle phalanx of the third finger, it was found that in the stage 
of skeletal maturation 1, 100,00% was in the stage A of maturation of the middle phalanx of 
the third finger; in the stages 2, 3 and 4, 100% was in the stage B of the phalanx; in the stage 
5, 100% was in the C; in the 6 the biggest percent was in the D (75,00); in the 7, 100,00% was 
in the stage D and in the stage 8, 100,00% was in the stage E of the phalanx. The coefficient 
of concordance Kappa between the stages of skeletal maturation and the stages of 
maturation of the middle phalanx of the third finger, presented a value of 0,964; that which 
evidenced a high concordance, very significant (p <0.010).  
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Stages of 
skeletal 
maturation 

Total 

Stages of maturation of the middle phalanx of the third finger 

A B C D E 

# % # % # % # % # % 

1 15 15 100,00 - - - - - - - - 

2 11 - - 11 100,00 - - - - - - 

3 12 - - 12 100,00 - - - - - - 

4 2 - - 2 100,00 - - - - - - 

5 20 - - - - 20 100,00 - - - - 

6 8 - - - - 2 25,00 6 75,00 - - 

7 5 - - - - - - 5 100,00 - - 

8 2 - - - - - - - - 2 100,00 

Coefficient Kappa = 0,964 p=0,000 n=75  

Table 6. Percentage of males according to stages of skeletal maturation and stages of 
maturation of the middle phalanx of the third finger. 

5. Discussion  

In this epigraph, one discussed the most important results and they were compared with the 
results of other investigations, with foundations starting from the revised bibliography.  

With relationship to the variability intra and inter observant results were completely 
coincident in the three studied methods. The author considers that the results are due to the 
previous training of the investigators in each one of the studied evaluation methods.  

With relationship to the variability intra observant and inter observant in the analysis of the 
stage of maturation of the middle phalanx of the third finger, coincidence existed among the 
four carried out observations. The author considers that the results are due to the 
simplification of this method, since in the same alone the changes are analyzed at level of a 
single phalanx.  

In the studied sample, the bone age of the patients, calculated through the method TW2, 
didn't coincide with the chronological age. These results coincide with those of Malavé and 
Rojas (Malavé & Rojas, 2000) whom they outlined that, the chronological age is not a good 
indicator of the level of an individual's bone maturation.  

In the three methods of study of the analyzed maturation, it was found that the females 
matured before the males of their same age. These results coincide with studies carried out 
for Grave and Townsend (Grave & Townsend, 2003), Demirjian et al. (Demirjian et al, 1985) 
and Liversidge and Speechly (Liversidge & Speechly, 2001), who they find that, the females 
mature more early than the males, that which is important to consider in the general 
evaluation of the orthodontist patient.  
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There were a positive, very significant correlation (p <0,010) among the bone age (TW2) and 
the stages of skeletal maturation in both sexes (rho = 0,855 for the females and rho = 0,903 
for the males). These results coincide with other carried out studies (Moore et al., 1990; 
Uysal et al., 2006).  

In the analysis of the stages of maturation of the half phalange of the third finger it was 
found that the females were earlier in their maturation stages than the males. These results 
belong together with those obtained in other methods analyzed in this investigation and 
they coincide with those of Hägg and Taranger (Hägg & Taranger, 1980a, 1980b, 1982) who 
they find that, the females mature early, that which is important to consider in the planning 
of the orthodontist treatment.  

The coefficient of correlation of Spearman among the bone age (TW2) and the stages of 
maturation of the middle phalanx of the third finger showed positive, very significant 
correlations (p <0,010); in both sexes (0,888 in the feminine one and 0, 921 in the masculine 
one). These results coincide with other studies that analyze the bone maturation through the 
development of the phalanges: Leite et al. (Leite et al., 1987) they carry out a longitudinal 
study, through which value the age skeletal analyzing the first one, second and third fingers 
of the hand, in a sample of 19 males radiographies and 20 females whose radiographic of the 
annual hand-wrist had taken from the 10 to the 16 years for the girls and of 12 to 18 years for 
the males and they find that although differences exist between the analysis of the total 
hand and that of the three fingers, the method of the three fingers never strays of that of the 
hand-wrist for more than 2.89 months for the males with a minimum deviation of 0.32 
months and for the females, the maximum deviation was of 4.45 months with a minimum of 
1.55 months. They also find that the maximum deviations happen during the time of 
coalition of the epiphysis with the diaphysis when the growth is coming closer to their 
finalization and consequently they are not of clinical importance. These authors conclude 
that the advantage of the use of the method of the three fingers is that they can incorporate 
in the lateral teleradiography, eliminating this way the necessity of other radiographies. 

Shigemi Goto et al. (Shigemi Goto & Yamada Miyazawa, 1996) carry out a study in which 
analyze the ossification of the distal phalanx of the first finger like an indicator of maturity 
for the initiation of the orthodontist treatment in 2 Japanese women with Class III 
malocclusion, where they conclude that the determination of the phases of maturation 
skeletal of the distal phalanx of the first finger, it can be a quick and useful clinical method, 
to evaluate the potential of residual growth in the cases of Class III.  

Rossi et al. (Rossi et al., 1999) carry out a study in 72 feminine patients with ages understood 
between 8 and 13 years of age, where they analyze the proximal phalanx of the first finger 
and they find that in the patients that were in the epiphysis stage C, they were next to the 
peak of maximum speed of growth pubertal.  

In relation of the concordance between the stages of skeletal maturation and the stages of 
maturation of the middle phalanx of the third finger, in the studied sample a high 
concordance existed, very significant (p <0,010) in both sexes, being perfect in the feminine 
sex (1,000). That which coincides with other carried out studies: Rajagopal and Sudhanshu 
(Rajagopal & Sudhanshu, 2002) carry out a study with the objective of determining the 
dependability of using radiographic of the middle phalanx of the third finger as an indicator 
of skeletal maturation, in a sample of 75 girls and 75 children, between the 9 and 17 years of 
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age; where they compare the stages of maturation of the cervical vertebras, and the stages of 
maturation of the middle phalanx of the third finger and they conclude that the assessment 
of the growth puberal based on the observations of the middle phalanx of the third finger 
observed by means of standard X-rays, is an useful method and it has as advantages: the 
smallest exhibition to the X rays and that X rays supplementary machine is not needed.  

Madhu et al. (Madhu et al., 2003) carry out a study with the objective of obtaining a unique 
and simple method to determine the skeletal maturation using the stages of development of 
the middle phalanx of the third finger that one observes in a radiographic, taken with a 
conventional X ray dental machine; in a sample of 67 patients, 35 males between 10 and 18 
years of age and 32 females between 8 and 16 years. To the patients they carry out them 
lateral teleradiographies of skull and an X-ray of the area of the middle phalanx of the third 
finger, where they determine the stages of maturation of the cervical vertebras of the 
patients in previous stages to the peak puberal, patient that were in the peak of growth 
puberal and patient in those that it had already happened the peak of growth puberal and 
the stages of the middle phalanx of the third finger are classified in 3 stages: patient in the 
previous period to reach the peak pubertal of growth, patient that are in the period of 
growth pubertal and those patients that the period of growth pubertal had passed. These 
authors find agreement among the results obtained in the analysis of the cervical vertebras 
and of the middle phalanx of the third finger and they conclude that the analysis of the 
maturation of the middle phalanx of the third finger, is an alternative method that can be 
used to determine the skeletal maturation of the children in growth.  

Ozer et al. (Ozer et al., 2006) carry out a study in 150 masculine patients, with ages 
understood among 9 and 19 years that were in orthodontist treatment, with the purpose of 
determining the correlation between the index of maturation of the cervical vertebras and 
the stages of maturation of the middle phalanx of the third finger, for that which they carry 
out lateral teleradiography of skull and X-rays of the middle phalanx of the third finger of 
the left hand, finding high correlation coefficients between the stages of vertebral 
maturation and those of the phalanges. They conclude that the middle phalanx of the third 
finger can be used in the evaluation of the skeletal maturation of the patients.  

From the clinical point of view in the planning of an orthodontist treatment, we should 
consider if the patient has begun the spurt of pubertal growth, if this is happening in that 
moment or if it has concluded (Tedaldi, 2007). With the analysis of the stages of maturation 
of the middle phalanx of the third finger, visualized in an X-ray of 41 x 31 mm., is possible to 
determine: if the patient has not reached the spurt of pubertal growth (Stage A), if it is next 
or this event already began (B), if it is in its maximum peak (C) or if it is in the descending 
curve of growth pubertal (D and E) (Toledo Mayarí & Otaño Lugo, 2010). 

Due to the high correlation coefficient found in this sample, between the stages of 
maturation of the middle phalanx of the third finger and the bone age in both sexes, as well 
as to the high concordance found in this study, among the evaluation of the maturation 
through the left hand and the analysis of the middle phalanx of the third finger, which was 
perfect in the feminine sex, and considering the current tendency in Orthodontics of 
reducing the number of radiations, we propose inside the diagnosis for the evaluation of the 
potential growth of the patients, the realization of an X-ray of 41 x 31 mm. of the middle 
phalanx of the third finger of the left hand (Fig. 3), with the following requirements:  
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An auxiliary table will be used, where the radiography of 41x31 mm. will be placed, with 
the vertical bigger axis coinciding with the same position of the phalanx and with the active 
face in front of the focus. The radiograph will be located on the union between the middle 
and proximal phalanx of the third finger of the left hand, with the coincident located 
reference point with the proximal phalanx. The focus will be centered in perpendicular 
sense to the table, with an angle of 90 °, at a distance focus film, using short cone, of 11 cm. 
with a time of exhibition of 0,5 second. The calibration of the machine will be of 110 volt / 10 
MA / seg. They will take all the measures of protection radiological established (Ugarte et 
al., 2004) and a dental machine of X rays and dental films standard of 41x31mm., Kodak 
marks. The one revealed will be executed looking for soft revealed low contrasts. 

  
Fig. 3. Radiographic of middle phalanx of the third finger. 

The author considers that, in the patients, it is not necessary to carry out a lateral 
teleradiography of skull, the evaluation of the potential of growth, inside the diagnosis in 
Orthodontics, one can make through the stages of maturation of the middle phalanx of the 
third finger of the left hand, which contributes the following benefits:  

It constitutes a simplified method that can be applied in any service of Orthodontics and it 
allows planning for the treatment of orthodontics in dependence of the potential of growth 
which the patient presents that makes more efficient therapy.  

It allows bigger efficiency and decrease of the costs and it can be carried out in the dental X 
rays machine, for what includes relative savings to the depreciation of the machine of X-rays 
and the energy consumption.  

They diminish the quantity from radiations to those that are exposed to the patients and the 
auxiliary personnel (technicians in radiology), as well as, the radiations in the local where 
the radiographies were taken.  

6. Conclusions 

The evaluation of the potential of growth that the patients of Orthodontics present can be 
made by means of the realization of radiography of the middle phalanx of the third finger of 
the left hand.  

In the three certain methods, it was found that the females mature before the males of 
their same age.  
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It existed a high correlation and concordance among the studied methods of determination 
of the potential growth.  

The substitution of the radiography of the left hand, for the radiography of the middle 
phalanx of the third finger, allows the realization of that in the own service of Dentistry, 
with the benefits that it reports as for the patient's better attention. 

The results of this study prove the hypothesis formulated and constituted part of the Thesis 
in option to PhD degree in Dentistry of the author. 
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