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ABSTRACT 
 
Introduction and Aim of Study: The orthodontist concern with growing and non-growing 
individuals. Greatest of the information regarding growth are obtained from hand wrist 
radiograph lateral cephalogram. The relationship of different chronological, dental, and skeletal 
ages is significant indicator in diagnosis and treatment and the differences of dental and skeletal 
ages from known chronological age refer to alterations in the normal growth pattern. Aim of 
study was to evaluate the dental and skeletal age in iron deficient anemic patient who seeking 
orthodontic treatment in comparison to their chronological age. 
 
Patients and Methods: One hundred and nineteen 67 females and 52 males Participant selected 
randomly were aged between (8-15) year who attend these center seeking different 
orthodontics treatment. They were clinical examined by specialist to symptoms of anemia. The 
Dental age were determined according to The Demerijian method which is most widely used 
technique were obtained from panoramic radiographs used for pubertal growth evaluation. Bone 
age were determined on lateral cephalometric radiograph, which taken as a patient record, the 
third (C3) and fourth (C4) cervical vertebrae were traced and the subsequent parameters were 
measured rendering to Mito et al. (2002). 
 
Results: The statistical analysis of data show that there was significant difference among 
different age groups that’s mean that the iron deficiency anemia can effect significantly on bone 
and dental age of patients. 
 
Conclusion: Dental and bone age delay was an important criteria in iron-deficient anemic 
patients. Dental and bone age are considered as respected parameters in evaluating the total 
growth of the child. 
 
Keywords: Chronological Age, Bone Age, Dental Age, Orthodontic Patients, Iron-deficiency 
Anemia. 

 

INTRODUCTION 
Growth indicates increase in the size of tissues, while 

development indicate increase in maturation of functions 

(1). The orthodontist concern with growing and non-

growing individuals. Greatest of the information regarding 

growth are obtained from hand wrist radiograph lateral 

cephalogram (2). The relationship of different 

chronological, dental, and skeletal ages is significant 

indicator in diagnosis and treatment and the differences of 

dental and skeletal ages from known chronological age refer 

to alterations in the normal growth pattern (3). 

The chronological age of an individual may be enhanced of 

slowed due to the personal disparity of the exact time of 

pubertal growth spurt (2). For that reason, chronological age 

considered as undependable indicator for the determination 

of the child maturity (4). Thus, physiological age was 

considered (5).  

The lateral cephalometric radiographs used to determine the 

skeletal maturity by examining the cervical vertebrae, it has 

been found to be dependable and valid as the hand-wrist 

technique (6). Skeletal age is a pointer of physiological 

development and is different from the chronological age (2). 

Bone age indicate the overall osseous maturation of 

individual. The appearance and unification of various 

centers of calcification according to specific order and 

schedule from birth to complete maturation (7). Bone 

maturation in a person can be defined by using the 

radiographic pictures to study these centers of calcification 

according to the amount of maturation (8). The bone age is, 

therefore important in approving a diagnosis. Bone and 

dental maturation is critical for dentists in framing 

treatment plan, and is suitable and supportive data for 

several medical specialties (9). 

Dental age detection is beneficial in various clinical and 

scientific specialty such as orthodontics, pediatric dentistry, 

forensic dentistry and others (10), this can be done by 

examine a series of identifiable events that happened in the 

same order from primary occasion to a finish point. Age of 

an unknown person can be determined by correlating the 

skeletal, dental, and physical maturity of a person, so 

measuring dental age directly is important tool to determine 

the chorological age of a child who has unknown date of 

birth (11). Mineralization rate of teeth is a constant event; 

development of individual teeth is a more desirable than 

teeth eruption. Numerous systems are present to detect the 

dental age according to the amount of calcification. 

Demirjian system has been widely used by many experts to 

detect the dental age (12). In this method tooth formation is 

classified in to eight stages, the left mandibular seven teeth 

was scored in each stage and the sum of the scores assess the 

subject's dental maturity and the dental age was measured 

according to the gender specific tables. Toward the end of 

dental maturation less stage contribute more; therefore, a 
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solitary stage change can lead to a big jump in dental age 

(13). 

Many childhood disorders and diseases, mainly those 

associated with growth problems, display distinctive relation 

between bone and chronological age. Iron-deficiency 

anemia associated with poor growth level and delay in the 

development of humans and animals (14).  

The objective of this study was to evaluate the dental and 

skeletal age in iron deficient anemic patient who seeking 

orthodontic treatment in comparison to their chronological 

age. 

 

PATIENTS AND METHODS 
This study done on sample of Iraqi patients who attended 

specific centers seeking different orthodontic treatment. 

One hundred and nineteen 67 females and 52 males 

Participant were aged between (8-15) years; they were 

clinical examined by specialist to symptoms of anemia. 

Those patients with signs and symptoms of anemia were 

send to a pediatrician to confirm the diagnosis of iron-

deficiency anemia through laboratory tests and clinical 

examination. The laboratory tests serum ferritin, transferrin, 

iron and hemoglobin level, as well as morphology of red 

blood cells (RBCs) and hemoglobin. Informed consent that 

contain all the information about the study introduced to 

the parents.  

 Inclusion criteria include (1) with no medical history of 

systemic diseases or nutritional maladies (2) with no absent 

left mandibular teeth. While exclusion subjects were (a) 

sever medical illness (psychiatric problems, endocrine 

diseases), (b) permanent teeth extraction (c) Face trauma 

(d) ankylosed or impacted teeth (e) congenital abnormalities 

(f) physically or mentally handicapped patients, and (g) 

sever malocclusion.  

 

1). Estimation of Dental Age 
 The most common method used for children is Demirjian's 

method. This method centered on orthopantomograms to 

assessment the amount of mineralization of the tooth and 

the chamber shape of seven left permanent mandibular 

teeth. It is also appropriate for estimation the maturity of 

individual dental tissues with a known age whether is 

delayed or advanced rather than for estimation of an 

unknown age (15, 16, 17). 

The Demerijian method (18) is most widely used technique 

were obtained from panoramic radiographs used for 

pubertal growth evaluation, Teeth on OPG are rated 

according to 8-stage system (A to H). This depend on tooth 

follicle shape, pulp chamber, dentin deposit and root 

formation. The maturity score may be altered directly into 

dental age (DA), by reading on the horizontal gauge the age 

at which the 50% percentile achieves a given maturity score 

(19,20) 

After obtaining OPG for the orthodontic patient with iron 

deficiency anemia, they were wisely examined under the X-

ray viewer to evaluate the level of tooth calcification of seven 

teeth in accordance with the Demirjian system. The 

calcification stages of the teeth were estimated, and each 

tooth was labelled with a certain score as per the Demirjian 

table (Tables 1.1 and figure 1.1]. The summation of marks of 

the seven teeth called the maturity score of person and the 

summation of scores which delivers an assessment of an 

were 

transformed into dental age according to the conversion 

chart. The summation of. The scores were evaluated for 

boys and girls separately (21). 

 

Table 2.1: Determining the dental developing stages 
according to the biological criteria from A to H. (18) 

Stage Description 

A Establishment of calcification can be seen at the 

superior level of the crypt, in the form of an inverted 

cone or cones. In both uniradicular and 

multiradicular teeth and there is no union of these 

calcified plugs. 

B At this level, the union of the calcified points forms 

one or numerous cusps, which fuse to form occlusal 

surface with regularly outline. 

C a- Formation Enamel is finished at the occlusal 

surface. Its addition and convergence toward the 

cervical region.  

b- The establishment of a dentinal deposit can be seen.  

c- At the occlusal border, The pulp chamber outlines 

has a curved shape.  

D a- Complete formation of the crown to the 

cementoenamel junction.  

b- In the pulp chamber, the superior border in single 

root teeth has a clear curved form, start concave to the 

cervical area. The outline of the projection of pulp 

horns, seem like an umbrella top if present. The pulp 

chamber has a trapezoidal form in molars. c- Starting 

of root formation can seen in the shape of a spicule. 

E In single root teeth: a. The outlines of the pulp 

chamber give straight lines, its continuity is 

interrupted by the existence of the pulp horn,  

larger than in the earlier stage. b. The length of the 

root is a smaller amount than the crown height.  

Molars: a. Primary formation of the radicular 

bifurcation is apparent in the form of either a 

semilunar shape or a calcified point. b. The length of 

the root is quiet less than the crown height.  

F  Uniradicular teeth: a. The pulp chamber walls now 

give a more or less isosceles triangle and funnel shape 

at the apex ends.  

 b. The length of root is equivalent to or larger than 

the crown height. 

 Molars: a. The calcified area of the bifurcation has 

progressed further down from its semilunar stage to 

form a more distinct outlines of the roots that have 

funnel shaped endings. b. The length of the root is 

identical to or larger than the height of the crown.  

G a- Parallel walls of the root canals (distal root in 

molars).  

b- The ends of the root canals apically are still partly 

open (distal root in molars). 
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Figure 2.1: Show the stages of tooth development 

 

Table 2.2: Represent the value of each stage of tooth 
development according to Demirjian method 
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2). Bone Age Determination 
On lateral cephalometric radiograph, which taken as a 

patient record, the 3rd (C3) and 4th (C4) cervical vertebrae 

were traced and the subsequent parameters were measured 

rendering to Mito et al. (22): anterior height of the vertebral 

body (AH), vertebral body height (H), posterior height of 

the vertebral body (PH), and the length of vertebral body 

antero posteriorly (AP). In order to evaluate the 

measurement, following formulas are achieved to obtain 

cervical vertebral bone age by using C3 and C4 

measurements (23):  

Cervical vertebral bone age for male = 1.775 +13.557 x 

AH3/AP3 + 6.808 x H4/AP4 

Cervical vertebral bone age for female =1.582+7.920 x 

AH3/AP3 + 10.110 x AH4/AP4. 

 

RESULT 
SPSS version 21 was used to evaluate differences between 

studied age groups via ONE WAY ANOVA test; differences 

within groups were inspected by using multiple comparison 

method (L.S.D.), which represented in the comparison table 

as small letters. 

 
Table 3.1: Gender distribution of the patients 

Gender No. of patients % 
Female 67 56.302 

Male 52 43.697 

Total 119 100 

 

Table (1) explain the distribution of our sample according to 

the gender, female represent 67 patients which form about 

56.3% from the total sample, while 52 patients were male 

who form about 43.6 from the total sample. 

 

Table 3.2: Represent the mean and standard deviation 
of male parameters 

Parameters Mean±SD P value 
chronologic age 10.31±1.907 

<0.01** bone age 9.053±1.618a 

dental age 7.951±1.325ab 

a=differ significantly from chronologic age, b= differ 

significantly from bone age. 

 
Figure 3.1: Show the distribution of the different ages 

of male in years 
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In the above table 3.2 and figure 3.1 show that there was 

significant variance among different age groups of male, 

there was significant difference between dental age and 

chronological and significant difference between 

chronological and bone age and the dental age differ 

significantly from bone age. 

 

Table 3.3: Represent the mean and standard deviation 
of female parameters 

Parameters Mean±SD P value 
chronologic age 10.63±2.272 

<0.01** bone age 9.142±1.869a 

dental age 8.015±1.553ab 

 

a=differ significantly from chronologic age, b= differ 

significantly from bone age. 

 

 
Figure 3.2: Show the distribution of the different ages 

of female in years 

 

In the above table 3.3 and figure 3.2 show that there was 

significant difference among different age groups of female, 

there was significant difference between dental age and 

chronological and significant difference between 

chronological and bone age and the dental age differ 

significantly from bone age. 

 

Table 3.4: Represent the difference between male and 
female parameters 

Parameters 
Gender 

P value 
Male Female 

chronologic age 10.31±1.907 10.63±2.272 0.420ns 

bone age 9.053±1.618 9.142±1.869 0.786ns 

dental age 7.951±1.325 8.015±1.553 0.814ns 

 Data were represented as mean±SD, ns=No significant 

 

 

 
Figure 3.3     

 
Figure 3.4 

 
Figure 3.5 

Figure (3.3, 3.4, and 3.5) Comparisons of age in respect to 

gender were done by using unpaired (independent) t-test. 

No significant differences were observed between male and 

female all studied parameters.  

 

DISCUSSION 
Bone and dental age estimation permanently take up larger 

importance in clinical Dentistry and Medicine and in many 

social events such as marriage, start a job, a birth 

documentation, finding criminal and legal accountability, 

and others. It represent an important measurement to 

determine the whole growth and development of persons. 

Dental and skeletal age are very valuable measurements to 

detect the general maturation of an individual (13). 

Many systemic disorders influence the growth rate in 

children. Iron-deficiency anemia is consider one of the 
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systemic disorders, which result in growth retardation in 

children. Bandhu et al. (24) suggest that iron-deficiency 

anemia in children caused momentous mental and physical 

growth failure. Aukett et al. (25) discoverd that growth 

failure can be inverted in children with iron-deficiency 

anemia, while Moffatt et al. (26) approved that treatment for 

children with iron-deficiency will convey the psychomotor 

development. Knowing the growth of the oro‑facial area is 

significant when design orthodontic treatment because it 

assist the orthodontic to determine the type of orthodontic 

appliance which used to correct different types of 

maloccusion. 

Dental age can determined by Demirjian's method using 

dental radiograph on it we can determine the stage of dental 

mineralization. We used Demirjian's method in our 

examination because many studies by Hagg and Matsson, 

(27) Nanda and Chawla, (28) and Hegde and Sood (29) 

recommended that the Demirjian method provide more 

accurate and larger reliability for dental age estimation. 

Dental mineralization is more dependable to calculate 

dental age when compared to dental eruption method. 

Tooth mineralization is a constant route, which can be 

detected by radiographs whereas tooth eruption is a 

changeable event where its precise time is challenging to 

analyze (12). Emerging teeth in orthopantamograph are 

suitable method because a single radiograph gives the 

developmental condition of teeth in children, so it always 

used to evaluate dental maturity and estimation age. Age 

evaluation has become progressively important to detect the 

age of individuals. Digital OPGs were used as the images can 

be magnified to make analysis easier (13). 

Skeletal maturation is a basic portion of individual forms of 

growth and development. Difference in the maturation 

station is highly associated with variation in the scheduling 

and amount of growth. As a result to individual dissimilarity 

in duration, timing, and speed of growth, skeletal age 

calculation is important in framing practicable orthodontic 

treatment procedures (30).  

The patient population age groups presence the orthodontic 

clinic aged between 8 to 15 years. Below age eight, lateral 

cephalometric radiographs were infrequently taken as dental 

records, also children before this age is difficult to 

implement in practical terms (31). Clinical choices 

concerning the use of functional forces and appliances, 

extraction against nonextraction treatment or orthognathic 

surgery are as minimum as depend on growth concerns 

(32). Every growing child develops in specific manner and 

numerous means are offer as indicators to assess the 

maturity. These are the chronological age (8) dental age; (33, 

34, 35) Hand and wrist (36, 37) also the body mass index 

(38, 12) sexual maturation; Cervical vertebrae; (2) and the 

Frontal sinus (2, 39) and newly biomarkers.(40) Bacettee et 

al.(41) and other researchers (2,42,43) introduced the 

cervical vertebral maturation method. In our study we 

estimate the bone age depending on cervical vertebral from 

lateral cephalometric radiograph to avoid exposing the 

patient to extra radiation that associated with hand-wrist 

radiograph. The cervical vertebrae can be used to measure 

personal skeletal maturation is achievement that mentioned 

in many literature (44,45,46). The predictable cervical 

vertebral maturation process for measuring of skeletal 

maturation is depend on personal assessment of the form 

and proportions of cervical vertebrae (39). The 

determination of cervical vertebral bone age suggest better 

benefit of accurately estimating the osseous maturation 

from lateral cephalometric radiographs by calculating the 

dimensional considerations of C3 and C4 (22), also this 

method is more dependable and precise than the use of 

chronological age 

to maturity (47).  

In this study we depend on Mito method (22), which are of 

large significance because it permits skeletal age to be 

considered in an objective way. It is more popularity in 

latest year; it is depend on the morphological features of the 

cervical vertebrae at different stages of development. These 

stages are characterized by different growth degrees in facial 

configurations. Furthermore, this CVM procedure cover the 

whole circum pubertal period for male and female by 

covering all important stages in craniofacial maturation 

through adolescence and young adulthood. In this method, 

C3 and C4 were chose for estimation due to the difficulty in 

detecting and assessing morphological body variations in 

the first two vertebrae and the usual absence of the lower 

cervical vertebrae in predictable lateral cephalometric 

radiographs (48). Mito et al. observed only Japanese female 

due to sex-dependent variation with respect to the timing of 

morphological deviations in cervical vertebral dimevntions 

(49). This was in agreement with Alhadlaq and Al-Maflehi 

(50), who consider Saudi male only to prevent any sex-

related disparities in timing of maturational changes and 

growth pattern of the cervical vertebrae. In this study, we 

use this method for both boys and girls to assess the 

vertebral body dimensions but the measurement were 

compared separately for both genders.  

The results of our study represent that there were a 

significant difference between skeletal age (by cervical 

vertebral measurement using Mito method) and the 

chronological age (according to the birthday), and also 

significant difference between dental age (determined by 

Demirjian's method by using orthopantamograph) and 

chronological age and also significant difference between 

dental and bone age. This result mean that the bone and 

dental age are significantly affected by iron deficiency 

anemia, this may attributed to that Iron is one of the vital 

elements of life and Iron metabolism is associated to bone 

metabolism (51). These result was in agreement with Vinod 

et al (20), who stated that Dental and bone age was 

significantly inferior in comparision to chronological age 

and the relation among the three ages were positive in both 

genders. While study by Longo et al (52) shown that 

patients with a history of iron deficiency anemia had a 

higher occurrence of osteoporosis in comparision to 

individuals without iron deficiency anemia, by about two-

times risk for osteoporosis. The causes of iron deficiency 

anemia include infections, malnutrition, vegetarian diets, GI 

tract diseases, and acute or chronic blood loss, or other 

etiologies (53). All these causes may associated with 

retardation in bone formation. 

The result showed that the chronological, dental, and bone 

ages were definitely correlated. These findings are supported 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/iron-metabolism
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bone-metabolism
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bone-metabolism
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by related studies such as those of Vallejo-Bolanos et al.(9) 

Green,(8) Hegde and Sood,(29) and Prabhakar et al.,(12). 

Also many earlier studies have confirmed that different 

growth maturation systems display positive association. 
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