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Understanding of growth events is of importance in orthodontics. To know the exact status of growth, 
for treatment planning and treatment prognosis
used method for
of cervical bone maturation is another method for assessing skeletal
to find the possible concordance between hand wrist bone radiograph and cervical vertebral analysis 
using lateral cephalograph.
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INTRODUCTION 
 
Understanding facial growth velocity and percentage of growth 
remaining is important in orthodontics to correct skeletal 
discrepancies (Carlos Flores-Mir, 2004). The effectiveness of 
orthodontic and orthopaedic appliances is associated with 
skeletal maturation (Carlos Flores-Mira, 2006
the skeletal maturation various indices have been proposed 
(Hellman, 1923; Nanda, 1955; Greulich, 1959; 
Tanner, 1962; Hunter, 1966; Bjork, 1967; Tofani
1980; Fishman, 1987). The various biological indicators are 
that have been used to identify the stages
chronological age, dental development, sexual maturation 
characteristics, height and weight measurements and skeletal 
age. As there is variations in duration, timing and velocity of 
growth, skeletal age assessment is considered essential for
orthodontic treatment plans (Hassel, 1995). The most widely 
used method for skeletal age assessment is the Hand
bone analysis performed by a radiograph (
2006). The validity of hand-wrist radiographs has been 
confirmed by Bjork (1967), Rakosi et al. (
Brown (1976) and Gianni (1986). The skeletal maturation is 
determined by the ossification of the bones of the hand and 
wrist. This can be determined by two methods: The first 
method is comparing the hand wrist bone 
atlas (Greulich, 1959; Tanner, 1983).  
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ABSTRACT 

Understanding of growth events is of importance in orthodontics. To know the exact status of growth, 
for treatment planning and treatment prognosis skeletal maturity indicators are used. The most widely 
used method for skeletal maturation analysis is hand wrist bone radiograph. The assessment of
of cervical bone maturation is another method for assessing skeletal
to find the possible concordance between hand wrist bone radiograph and cervical vertebral analysis 

lateral cephalograph. 
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The second method uses specific indicators to relate skeletal 
maturation to the pubertal growth curve. Thus in hand 
radiographs the horizontal and vertical facial growth velocity 
has been shown to be related to skeletal maturity indicators 
(Flores-Mir, 2004). However there have been concerns about 
the radiation exposure by the Hand
Abdulla Alkhala et al., 2008). Another method of assessing the 
skeletal maturation is the analysis of cervical vertebral 
maturation (Hassel   et al., 1995; 
Lamparski first introduced the use of cervical vertebrae to 
determine skeletal maturity (Hassel
(1995) and  Garcia-Fernandes  
correlation between  cervical  vertebral
skeletal  maturation  of  the  hand
cervical maturity evaluation is that no extra radiation exposure 
is implied (Carlos Flores-Mira, 2006
in orthodontics for diagnosis and treat
Abdulla Alkhala  et al., 2008
correlation between cervical vertebrae maturity and hand
bone maturity. 
 

MATERIALS AND METHOD
 
The sample of this study consists of hand wrist Radiographs 
and lateral cephalograms of 25 patients obtained from 
Saveetha Dental College, Saveetha University, Chennai. The 
criteria includes: no developmental anomaly, no cervical 
vertebral bone anomaly, and possession of good quality hand
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The second method uses specific indicators to relate skeletal 
maturation to the pubertal growth curve. Thus in hand wrist 
radiographs the horizontal and vertical facial growth velocity 
has been shown to be related to skeletal maturity indicators 

). However there have been concerns about 
the radiation exposure by the Hand-wrist radiograph (Hessa 

Another method of assessing the 
skeletal maturation is the analysis of cervical vertebral 

., 1995; Bench, 1963; Franchi, 2000). 
first introduced the use of cervical vertebrae to 

Hassel, 1995). Hassel,  farman 
Fernandes  et  al. (1998) found a high 

correlation between  cervical  vertebral maturation  and  the  
skeletal  maturation  of  the  hand-wrist  area.One advantage of 
cervical maturity evaluation is that no extra radiation exposure 

, 2006) and it is taken routinely 
in orthodontics for diagnosis and treatment planning (Hessa 

., 2008). In this study we assess the 
correlation between cervical vertebrae maturity and hand-wrist 

MATERIALS AND METHOD 

The sample of this study consists of hand wrist Radiographs 
cephalograms of 25 patients obtained from 

Saveetha Dental College, Saveetha University, Chennai. The 
criteria includes: no developmental anomaly, no cervical 
vertebral bone anomaly, and possession of good quality hand-
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wrist radiographs and lateral cephalograms. The skeletal 
maturity in hand wrist radiographs is evaluated by visible 
changes in the epiphyseal capping of MP3. They are MP3-F, 
MP3-FG, MP3-G, MP3-H, MP3-HI, MP3-I (27-29) 
 
MP3-F  
 
Epiphysis is as wide as metaphysis. 
Ends of epiphysis are tapered and rounded. 
Metaphysis shows no undulation. 
Radiolucent gap between epiphysis and metaphysis is wide. 
 
MP3-FG 
 
Epiphysis is as wide as metaphysics. 
Distinct medial and/or lateral border of epiphysis forms line of 
demarcation at right angle to distal border. 
Metaphysis begin to show slight undulation. 
Radiolucent gap between epiphysis and metaphysis is wide.  
 
MP3-G stage  
 
Sides of epiphysis have thickened and cap its metaphysis, 
forming sharp distal edge one or both sides. 
Marked undulation in metaphysis give it “cupid’s bow” 
appearance. 
Radiolucent gap between epiphysis and metaphysis is 
moderate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MP3-H stage 
 
Fusion of epiphysis and metaphysis begins. 
One or both sides of epiphysis form obtuse angle to distal 
border. 
 
Epiphysis is beginning to narrow 
 
Slight convexity is seen under central part of metaphysis. 
Typical “Cupid’s bow” appearance of metaphysis is absent, 
but slight undulation is distinctly present. 
Radiolucent gap between epiphysis and metaphysis is 
narrower. 
 
MP3-HI stage 
 
Superior surface of epiphysis shows smooth concavity. 
Metaphysis shows smooth, convex surface, almost fitting into 
reciprocal concavity of epiphysis. 
 
No undulation is present in metaphysis. 
 
Radiolucent gap between epiphysis and metaphysis is 
insignificant. 
 
MP3-I stage 
 
Fusion of epiphysis and metaphysis is complete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS 
 

Comparison of MP3 and cervical vertebrae maturation indices 
 

                                   HAND-WRIST MATURATION STAGE TOTAL 

CVMS MP3-F MP3-FG MP3-G MP3-H MP3-HI MP3-I  
CVMS I        
CVMS II        
CVMS III    6(24%) 1(4%)  7((28%) 
CVMS IV   2(8%) 4(16%) 4(16%) 1(4%) 11(44% 
CVMS V     4(16%) 2(8%) 6(24%) 
CVMS VI     1(4%)  1(4%) 

 

MALE 
 

                            HAND-WRIST MATURATION STAGE TOTAL 

CVMS MP3-F MP3-FG MP3-G MP3-H MP3-HI MP3-I  
CVMS I        
CVMS II        
CVMS III    4 (26%)   4(26%) 
CVMS IV   2(14%) 2(14%) 4(26%)  8(54%) 
CVMS V     2(14%)  2(14%) 
CVMSVI        

 
FEMALE 

 
                            HAND-WRIST MATURATION STAGE TOTAL 

CVMS MP3-F MP3-FG MP3-G MP3-H MP3-HI MP3-I  
CVMS I        
CVMS II        
CVMS III    2(18%) 1(9%)  3(27%) 
CVMS IV    2(18%)  1(9%) 3(27%) 
CVMS V     2(18%) 2(18%) 4(36%) 
CVMS VI     1(9%)  1(9%) 
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No radiolucent gap exists between metaphysis and epiphysis. 
Dense, radiopaque epiphyseal line forms integral part of 
proximal portion of middle phalanx. 
 
The cervical vertebral maturation stages were done according 
Baccetti et al’s (30) definition and describes as  
 
 
CVMS I—flat C2, C3 and C4 inferior vertebral body borders, 
as well as bodies of both C3 and C4 being trapezoid in shape. 
 
CVMS II—concavities present at the lower border of C2, flat 
lower borders of C3 and C4, and both C3 and C4 being 
trapezoid in shape. 
 
CVMS III—concavities present at the lower borders of C2 
and C3, no concavity present at the lower border of C4, and C3 
and C4 being either trapezoid or rectangular, horizontal in 
shape. 
 
CVMS IV—concavities present at the lower borders of C2, C3 
and C4, as well as both C3 and C4 being rectangular, 
horizontal in shape. 
 
CVMS V—concavities present at the lower borders of C2, C3 
and C4, as well as both C3 and C4 being rectangular, 
horizontal to square in shape. 
 
CVMS VI—concavities present at the lower borders of C2, C3 
and C4, as well as both C3 and C4 being square to rectangular, 
vertical in shape. 
 

DISCUSSION 
 
Orthodontic treatment plan is successful when the remaining 
craniofacial growth in velocity, direction and quantity is taken 
into consideration (Damian Verma, 2009).  Chronological age 
has been considered as a poor indicator of skeletal maturity 
level (Adel Al-Hadlaq, 2007). Assessing the skeletal maturity 
from radiograph is a widely used method to predict the timing 
of pubertal growth, to estimate the growth velocity and to 
estimate the amount of growth remaining (Carlos Flores-Mir, 
2004). Skeletal maturity is usually determined using stages in 
the ossification of bones of hand and wrist because of the 
quantity of different types of bones available in the area 
(Bowden, 1976; Fishman, 1976). In recent times, cervical 
vertebral maturation method has gained more attention which 
serves as a potential and valid replacement to the conventional 
hand-wrist radiograph method (Garcia-Fernandes, 1998; San 
Roman, 2002). The orthodontists are familiar with the 
diagnostic reading of lateral cephalometric radiographs and no 
special training is needed as in the case of hand-wrist 
radiographic interpretation (Grave, 2003).  
 
The present study assessed the stages of skeletal maturation 
through cervical vertebrae and MP3 stages. A sample of 25 
subjects were taken in the study with 14 boys and 11 girls. 
There was good correlation between CVMI and MP3 scores 
(Table 1). There was 24% similarity in MP3-H and with a 
CVMI score of 3 , 4% similarity in MP3-HI stage and with a 
CVMI score of 3, 8% similarity in MP3-G stage and with a 
CVMI score of 4, 16% similarity in MP3-H stage and with a 
CVMI score of 4, 16% similarity in MP3-HI stage and with a 
CVMI score of 4, 4% similarity in MP3-I stage and with a 
CVMI score of 4, 16% similarity in MP3-HI stage and with a 

CVMI score of 5, 8% similarity in MP3-I stage and with a 
CVMI score of 5, 4% similarity in MP3-HI stage and with a 
CVMI score of 6. Females are in advanced maturity stages 
when compared to males. This indicates the faster maturation 
occurring in females as compared to males (Rajagopal, 2002).  
 
Conclusion 
 
There was a good concordance between six stages of CVMI 
and six stages of MP3. Chronological age is not a reliable 
indicator of assessing the skeletal maturity. Skeletal maturity is 
earlier in females when compared to males. The CVMI is as 
good as hand-wrist radiograph and can be used as an 
alternative. This can also reduce the radiation exposure by 
hand-wrist radiographs.  
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