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              I ntroduction  

 It is well established that treatment timing has a signi cant 
role in the outcome of nearly all dentofacial orthopaedic 
treatments for dentoskeletal disharmonies in growing 
patients ( Petrovic  et al. , 1990  ;   Baccetti  et al. , 2005 ). 
Therefore, correct identi cation of the different phases of 
skeletal maturation represents a crucial issue in orthodontic 
diagnosis and treatment planning.    Because chronological 
age is not a valid indicator of skeletal maturity ( Bjork and 
Helm, 1967 ;  Petrovic  et al. , 1990  ;   Baccetti  et al. , 2006 ), 
several other clinical parameters have been proposed as 
diagnostic aids for the skeletal maturation phase, among 
which there are increase in stature height ( Pancherz and 
Hagg, 1985 ) and radiographical methods based on analysis 
of bones of the hand and wrist ( Greulich and Pyle, 1959  ; 
  Bjork and Helm, 1967 ) and analysis of cervical vertebrae 
( Baccetti  et al. , 2005 ). 

 Tooth emergence has also been investigated as a marker 
of skeletal maturity; however, this has been shown to be 
poorly correlated with individual skeletal maturity ( Bjork 
and Helm, 1967 ;  Hagg and Taranger, 1982  ;   Franchi  et al. , 
2008 ). The only previous diagnostic performance study 
( Franchi  et al. , 2008 ) showed that for early and intermediate 
mixed dentitions, satisfactory diagnostic accuracy is only 
seen for the identi cation of the pre-pubertal growth phase. 
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lateral cephalograms. Diagnostic performances were evaluated according to the dental maturation stages 
for each tooth for the identifi cation of the CVM stages and growth phases (as pre-pubertal, pubertal ,  
and post-pubertal) using positive likelihood ratios (LHRs). A positive LHR threshold of 10  or more  was 
considered for satisfactory reliability of any dental maturation stage for the identifi cation of any of the 
CVM stages or growth phases.   The positive LHRs were generally  less than  2.0, with a few exceptions. 
These four teeth showed positive LHRs  greater than  10 only for the identifi cation of the pre-pubertal 
growth phase, with values from 10.8 for the second molar (stage E) to 39.3 for the fi rst premolar (stage E).  
 Dental maturation assessment is only useful for diagnosis of the pre-pubertal growth phase, and thus ,  
precise information in relation to the timing of the onset of the growth spurt is not provided by these 
indices.   

 In addition to tooth emergence, dental maturity detected 
through radiographic methods appears to be highly related 
to skeletal maturity ( Sierra, 1987  ;   Coutinho  et al. , 1993 ; 
 Krailassiri  et al. , 2002 ;  Uysal  et al. , 2004  ;   Basaran  et al. , 
2007 ). In spite of some racial differences ( Chertkow, 1980 ), 
high correlations have generally been reported between 
dental and skeletal maturity. The correlation coef cients 
between the mandibular canine and  the  skeletal maturity 
were reported to be from 0.53 to 0.85 ( Coutinho  et al. , 
1993 ). Similarly, the maturity of several mandibular teeth, 
excluding the third molar, has been reported to be correlated 
with the skeletal maturation phases, with correlation 
coef cients of 0.63  –  0.81 ( Sierra, 1987 ), 0.56  –  0.69 
( Krailassiri  et al. , 2002 ), 060  –  0.91 ( Basaran  et al. , 2007 ) ,  
and 0.63  –  0.84 ( Uysal  et al. , 2004 ). In contrast, one study 
failed to show signi cant correlations between dental 
maturation and other indices of skeletal maturation 
( Demirjian  et al. , 1985 ). However, this last study recorded 
dental maturity as 90  per cent  of development of the whole 
dentition rather than using individual tooth maturity. 

 On this basis, dental maturation has been proposed to be 
a clinically useful diagnostic aid for the identi cation of 
individual skeletal maturation stages ( Chertkow, 1980 ; 
 Sierra, 1987  ;   Coutinho  et al. , 1993 ;  Krailassiri  et al. , 2002 ; 
 Uysal  et al. , 2004  ;   Basaran  et al. , 2007 ). Moreover, dental 
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maturity assessment offers the advantage of being a simple 
procedure that can be carried out on panoramic radiographs 
that are routinely used for different purposes, and intraoral 
radiographs can be taken with minimal irradiation to the 
patient. 

 In spite of these previous investigations, no data on the 
clinical performance of the dental maturation stages for the 
identi cation of speci c skeletal maturation stages on 
individual subjects  have  been reported. Indeed, even a high 
correlation coef cient does not provide information as to 
whether the dental maturation stage has a satisfactory 
performance for the diagnostic identi cation of the skeletal 
maturation stage on an individual basis. Therefore, the 
present study was aimed at analysing the diagnostic 
performance of the circumpubertal dental maturation phases 
for the identi cation of  individual- speci c skeletal 
maturation phases.  

  M aterials   and   methods  

  Study population and design 

 This study enrolled subjects seeking orthodontic treatment 
who had never been treated before. Signed informed consent 
was obtained from the parents of the subjects prior to entry 
into the study, and the protocol was reviewed and approved 
by the Ethical Committee of the University of Trieste, Italy. 
The following enrolment criteria were observed:  1.  age 
between 7 and 18 years ,   2.  intermediate or late mixed or 
early permanent phases of dentition ,   3.  good general health 
with absence of any hormonal, growth, nutritional ,  or dental 
development problems. 

 The subjects were scheduled for enrolment at their  rst 
clinical examination, when dental panoramic radiographs 
and lateral cephalograms were taken. A total of 354 subjects 
were enrolled in the study: 208 females and 146 males 
(mean age, 11.1  ±    2.4 years; range, 6.8  –  17.1 years).  

  Assessment of individual dental maturity 

 Assessment of dental maturity was carried out through the 
calci cation stages according to the method of  Demirjian 
 et al.  (1973  ;  stages D  –  H) from the panoramic radiographs 
of the left-side mandibular teeth. Brie y, these stages are 
de ned as  follows :
    

   •     Stage D: When  1.  the crown formation is complete 
down to the cementoenamel junction;  2.  the superior 
border of the pulp chamber in the uniradicular teeth has 
a de nite curved form, with it being concave towards 
the cervical region; the projection of the pulp horns, if 
present, gives an outline shaped like the top of an 
umbrella; and  3.  the beginning of root formation is seen 
in the form of a spicule.  

   •     Stage E: When  1.  the walls of the pulp chamber form 
straight lines, the continuity of which is broken by the 

presence of the pulp horn, which is larger than in the 
previous stage and  2.  the root length is less than the 
crown height.  

   •     Stage F: When  1.  the walls of the pulp chamber form a 
more or less isosceles triangle, with the apex ending in 
a funnel shape and  2.  the root length is equal to or 
greater than the crown height.  

   •     Stage G: When the walls of the root canal are parallel 
and its apical end is still partially open.  

   •     Stage H: When  1.  the apical end of the root canal is 
completely closed and  2.  the periodontal membrane 
has a uniform width around the root and the apex.   

    

 An      experienced orthodontist (PG), who was blinded to 
the skeletal maturation stages, assessed the dental maturity 
of the mandibular canine, the  rst and second premolars, 
and the second molars.  

  Assessment of individual skeletal maturity 

 Assessment of skeletal maturity was carried out through the 
cervical vertebra maturation (CVM) method on lateral 
cephalograms ( Baccetti  et al. , 2005 ). This method comprises 
six stages (CS1  –  CS6), which are de ned as  follows :
    

   •     CS1: When the lower borders of the second, third ,  and 
fourth cervical vertebrae (C2, C3 ,  and C4) are  at and 
the bodies of C3 and C4 are trapezoid in shape. CS1 
occurs at least  2  years before the pubertal growth spurt.  

   •     CS2: When only the lower border of C2 is concave and 
the bodies of C3 and C4 are trapezoid. CS2 occurs  1  
year before the pubertal growth spurt.  

   •     CS3: When the lower borders of both C2 and C3 have 
concavities and the bodies of C3 and C4 are either trap-
ezoid or rectangular horizontal in shape. CS3 marks the 
ascending portion of the pubertal growth spurt.  

   •     CS4: When the lower borders of C2  –  C4 have concav-
ities and the bodies of both C3 and C4 are rectangular 
horizontal. CS4 marks the descending portion of the 
pubertal growth spurt.  

   •     CS5: When the lower borders of C2  –  C4 have concav-
ities and at least one of the bodies of C3 or C4 is square. 
CS5 occurs  1  year after the pubertal growth spurt.  

   •     CS6: When the lower borders of C2  –  C4 have concav-
ities and at least one of the bodies of C3 or C4 is rect-
angular vertical. CS6 occurs at least  2  years after the 
pubertal growth spurt.   

    

 An experienced orthodontist (TB), who was blinded to 
the dental maturation stages, assessed the skeletal maturity 
of the subjects.  

  Statistical analysis 

 For each tooth under investigation and within each dental 
maturation stage, the prevalence of the CVM stages was 
calculated. To determine the degree of correlation between 
the two maturational indices, the Spearman rank correlation 
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coef cient was used. Moreover, to establish the clinical 
performance of each dental maturation stage for the 
diagnosis of each CVM stage, positive likelihood ratios 
(LHRs) were calculated ( Greenhalgh, 1997 ). These positive 
LHRs provide estimates of how much a given dental 
maturation stage changes the odds of having a given CVM 
stage. The same analyses were repeated using the growth 
phases instead of the single CVM stages. The growth phases 
were de ned as pre-pubertal (CS1 and CS2), pubertal (CS3 
and CS4) ,  or post-pubertal (CS4 and CS5). A threshold of a 
positive LHR of 10  or more  ( Deeks and Altman, 2004 ) was 
considered for assessment of satisfactory reliability of any 
dental maturation stage for the identi cation of any of the 
CVM stages or growth phases. Moreover, in these cases 
only (positive LHR  of  10  more ), comprehensive diagnostic 
performance analyses were performed ( Greenhalgh, 1997 ), 
which included sensitivities, speci cities, and positive 
predictive values. These analyses were performed for the 
whole sample as well as for each gender separately. 

 The per   cent agreement and kappa statistics were 
calculated for evaluation of the intra-examiner agreement. 
For appraisal of the phases of dentition and the CVM stages, 
the kappa coef cients were  greater than  0.94. 

 SPSS software 13.0 (SPSS ®  Inc., Chicago, Illinois, USA) 
and interactive Stats Calculator (  http :// ktclearinghouse . ca / c
ebm / practise / ca / calculators / statscalc  ) were used to perform 

the statistical analyses. A   P   value less than 0.05 was used 
for rejection of the null hypothesis.   

  R esults  

 The analyses carried out within each gender yielded similar 
results, and the data are therefore presented here as a single 
whole sample ( N  = 354). 

 The distributions of the different dental maturation stages 
according to the skeletal maturation phases are shown in 
 Table 1 . The correlation coef cients for the dental 
maturation stages with the CVM stages ranged from 0.71 to 
0.77 for the canine and second molar, respectively. 
Moreover, the correlation coef cients for the dental 
maturation stages with the three growth phases were also 
similar and ranged from 0.67 to 0.72 for the canine ,   rst 
premolar, and the second molar, respectively. All the 
correlation coef cients were statistically signi cant, at 
  P     <   0.01.     

 The positive LHRs for the different dental maturation 
stages for the identi cation of each CVM stage are shown 
in  Table 2 . Most of these positive LHRs were  less than  2, 
with values  greater than  10 seen only for the identi cation 
of CS1 for the canine (stage E, positive LHR  of  15.1) and 
second premolar (stage D, positive LHR  of  52.3). The 
highest positive LHRs for the  rst premolar and second 

 Table 1      Relative      distributions of the different dental maturation stages according to the skeletal maturation stages ( N  = 354).  CVM, 
cervical vertebra maturation;   n , number of cases in each dental maturation stage.  

  Tooth Dental 
maturation 
stage

 n Skeletal maturation stage (% n ) Correlation coef cient 

 CS1 CS2 CS3 CS4 CS5 CS6 Across CVM 
stages

Across growth 
phases  

  Canine D 4 100.0  —  —  —  —  — 0.71** 0.67** 
 E 30 90.0 10.0  —  —  —  —  
 F 89 69.7 25.8 3.4 1.1  —  —  
 G 76 31.6 38.2 17.1 7.9 3.9 1.3  
 H 155 9.7 13.5 14.8 18.1 20.6 23.2  
 First premolar D 6 100.0  —  —  —  —  — 0.72** 0.67** 
 E 57 78.9 19.3 1.8  —  —  —  
 F 75 62.7 26.7 8.0 1.3 1.3  —  
 G 73 35.6 32.9 15.1 8.2 5.5 2.7  
 H 143 5.6 14.7 14.7 19.6 21.0 24.5  
 Second premolar D 32 96.9 3.1  —  —  —  — 0.74** 0.68** 
 E 76 69.7 25.0 5.3  —  —  —  
 F 68 50.0 32.4 8.8 4.4 2.9 1.5  
 G 88 9.1 29.5 18.2 18.2 15.9 9.1  
 H 88 5.7 8.0 14.8 18.2 21.6 31.8  
 Second molar D 67 85.1 11.9 1.5 1.5  —  — 0.77** 0.72** 
 E 82 63.4 30.5 6.1  —  —  —  
 F 58 24.1 39.7 17.2 8.6 8.6 1.7  
 G 94 9.6 20.2 17.0 22.3 19.1 11.7  
 H 53  — 1.9 13.2 15.1 22.6 47.2   

  Correlations between dental and skeletal maturation stages (as either CVM stage or growth phase) are quanti ed through Spearman’s rho correlation 
coef cient. ** P  < 0.01.   
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molar were 6.3 (stage E) and 9.6 (stage D), respectively, 
again for the identi cation of CS1.     

 The positive LHRs for the different dental maturation 
stages for the identi cation of each growth phase are shown 
in  Table 3 . Most of these positive LHRs were  less than  2, 
especially when the pubertal and post-pubertal growth 
phases were considered. However, each of the four teeth 
showed a positive LHR  of  10  or more  for identi cation of 
the pre-pubertal growth phase. In particular, these ranged 
from 10.8 for the second molar (stage E) to 39.3 for the  rst 
premolar (stage E), while the canine (stage F), second 
premolar (stage E) ,  and second molar (stage D) gave 
intermediate positive LHRs of 14.9, 12.8 ,  and 22.8, 
respectively.     

 The other diagnostic performance parameters of the 
selected teeth and the corresponding dental maturation 
stages that gave positive LHRs  of  10  or more  are shown in 
 Table 4 . According to the four parameters of sensitivity, 
speci city, positive predictive value ,  and positive LHR, the 
 rst premolar (stage E) showed the highest diagnostic 
performance for identi cation of the pre-pubertal growth 
phase, with speci city and positive predictive values of 
99.3  per cent  and 98.2  per cent . However, the 95  per cent  
con dence intervals for the positive LHRs of these selected 
stages for the identi cation of the pre-pubertal growth phase 
were wide for all the teeth investigated, with the widest 
range seen for the  rst premolar (5.5  –  280.7).      

   Table 2    Positive       LHR s for the dental maturation stages for 
diagnosis of the skeletal maturation stages ( N  = 354).  LHR, 
likelihood ratio;    —  ,  n ull value or  less than  0.1 ;   b old  value , positive 
LHR  of  10  or more.   

  Tooth Dental 
maturation 
stage

Skeletal maturation stage positive LHR 

 CS1 CS2 CS3 CS4 CS5 CS6  

  Canine D  —  —  —  —  —  —  
 E  15.1 0.4  —  —  —  —  
 F 3.9 1.3 0.3 0.1  —  —  
 G 0.8 2.3 1.7 0.8 0.4 0.1 
 H 0.2 0.6 1.4 2.0 2.4 2.6 
 First premolar D  —  —  —  —  —  —  
 E 6.3 0.9 0.1  —  —  —  
 F 2.8 1.3 0.7 0.1 0.1  —  
 G 0.9 1.8 1.4 0.8 0.5 0.2 
 H 0.1 0.6 1.4 2.2 2.4 2.8 
 Second premolar D  52.3 0.1  —  —  —  —  
 E 3.9 1.2 0.4  —  —  —  
 F 1.7 1.8 0.8 0.4 0.3 0.1 
 G 0.2 1.5 1.8 2.0 1.7 0.9 
 H 0.1 0.3 1.4 2.0 2.5 4.0 
 Second molar D 9.6 0.5 0.1  —     —  —  
 E 2.9 1.6 0.5  —  —  —  
 F 0.5 2.4 1.7 0.9 0.9 0.2 
 G 0.2 0.9 1.7 2.6 2.2 1.1 
 H  — 0.1 1.2 1.6 2.7 7.6  

 Table 3      Positive  LHR s for the dental maturation stages for 
the diagnosis of the growth phases ( N  = 354).  LHR, likelihood 
ratio;    —  ,  n ull value or  less than  0.1 ;   b old  value , positive LHR  of 
 10  or more .  

  Tooth Dental 
maturation 
stage

Growth phase positive LHR 

 Pre-pubertal Pubertal Post-pubertal  

  Canine D  —  —  —  
 E  —  —  —  
 F  14.9 0.2 0.0 
 G 1.6 1.3 0.2 
 H 0.2 1.9 3.1 
 First premolar D  —  —  —  
 E  39.3 0.1  —  
 F 5.9 0.4 0.1 
 G 1.5 1.1 0.4 
 H 0.2 2.0 3.3 
 Second premolar D  —  —  —  
 E  12.8 0.2  —  
 F 3.3 0.6 0.2 
 G 0.4 2.1 1.3 
 H 0.1 1.8 4.5 
 Second molar D  22.8 0.1 0.0 
 E  10.8 0.2 0.0 
 F 1.2 1.3 0.5 
 G 0.3 2.5 1.7 
 H 0.0 1.5 9.1  

  D iscussion  

 The present study investigated the diagnostic performance 
of the circumpubertal maturation stages of four mandibular 
teeth for the identi cation of the skeletal maturation stages. 
The data show that in spite of the high correlation 
coef cients, the clinical usefulness of dental maturational 
stages for the identi cation of individual skeletal maturity 
is limited in both male  and  female subjects. 

 Due to the presence of calci ed structures that superimpose 
on the maxillary teeth, the mandibular teeth have been 
reported as being the best for identi cation of the maturity 
stages based on panoramic radiographs ( Krailassiri  et al. , 
2002 ;  Uysal  et al. , 2004  ;   Basaran  et al. , 2007 ). In the present 
study, only the canine,  rst and second premolars, and second 
molar were investigated, as their maturation occurs in the 
circumpubertal growth phases. Indeed, the incisors and  rst 
molars develop fully long before the onset of the pubertal 
growth spurt ( Basaran  et al. , 2007 ), while the third molars 
develop after this pubertal period ( Engstrom  et al. , 1983 ). 

 In the present study, the correlation coef cients between 
the dental and skeletal maturity phases were generally high 
for all the teeth investigated ( Table 1 ) and are similar to 
those of previous investigations that reported signi cant and 
high correlation coef cients between dental and skeletal 
maturity for several mandibular teeth, including the canine 
( Chertkow, 1980 ;  Sierra, 1987  ;   Coutinho  et al. , 1993 ), the 
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second premolar ( Krailassiri  et al. , 2002 ), and the second 
molar ( Sierra, 1987 ;  Uysal  et al. , 2004  ;   Basaran  et al. , 2007 ). 

 In the present study, only the dental stages D and E (and 
F for the canine) showed clear distributions that were 
limited to the pre-pubertal stages CS1 or CS2. In contrast, 
all the other dental maturation stages were widely distributed 
across the six CVM stages ( Table 1 ). Previous studies have 
reported close relationships between mandibular canine 
calci cation stages G ( Chertkow, 1980 ) and F ( Krailassiri 
 et al. , 2002 ) and various skeletal indicators of the pubertal 
growth spurt. Similar results were reported in samples of 
Turkish subjects ( Uysal  et al. , 2004  ;   Basaran  et al. , 2007 ). 
The intermediate stage between stages F and G of the 
mandibular canine has been proposed as a reliable indicator 
to assess the early stages of the pubertal growth spurt 
( Coutinho  et al. , 1993 ). However, none of these 
investigations ( Chertkow, 1980 ;  Sierra, 1987  ;   Coutinho 
 et al. , 1993 ;  Krailassiri  et al. , 2002 ;  Uysal  et al. , 2004  ; 
  Basaran  et al. , 2007 ) determined the true diagnostic 
performances of the dental maturity for the assessment of 
the skeletal maturation phases, as they were limited to 
analyses of the distributions of the dental maturation stages 
according to the skeletal maturation stages. 

 The present study shows that in spite of the entity of the 
correlations between the dental and skeletal maturation 
stages, the overall diagnostic performance of the former for 
the identi cation of the pubertal growth spurt is generally 
low according to the positive LHRs ( Tables 2  and  3 ). Here, 
a positive LHR indicates that a subject who tests positive 
for any clinical parameter (i.e. any dental maturation stage) 
has a high probability of having the given condition that 
needs to be diagnosed (i.e. any skeletal maturation stage). 
The positive LHR incorporates both the sensitivity and the 
speci city of the test, and it provides a direct estimate of 
how much a test result changes the odds of having a 
condition ( Greenhalgh, 1997 ). A positive LHR  greater than 
 1 indicates that the test result is associated with the given 
condition; however, only when the positive LHR  of  10  or 
more  is the test considered to be a reliable diagnostic aid 
( Deeks and Altman, 2004 ). Therefore, a positive LHR  of  10  
or more  was used herein for reliable assessment of the 

dental maturation stages for the identi cation of the 
individual skeletal maturity. 

 When considering each of the CVM stages, only a few of 
the maturation phases of the teeth investigated gave positive 
LHRs  of  10  or more  and only for CS1 ( Table 2 ). This shows 
that these dental maturation stages are not suf ciently 
reliable for the assessment of all the six CVM stages. 
Similarly, when the CVM stages are clustered as the three 
growth phases of pre-pubertal, pubertal ,  and post-pubertal, 
only 5 of 46 positive (0.1  or more ) LHRs were 10  or more 
 ( Table 3 ). In particular, stage F of the canines ;  stages E of 
the  rst premolars, second premolars ,  and second molars ;  
and stage D of the second molars gave positive LHRs of 
14.9, 39.3, 12.8, 10.8 ,  and 22.8, respectively, for 
identi cation of the pre-pubertal growth phase ( Table 3 ). 
However, the use of the second molar stage D in the 
identi cation of this growth phase would be redundant 
because of the satisfactory diagnostic performance of the 
subsequent stage E. Of note, the highest and lowest positive 
LHRs were seen for the  rst premolar and the second molar, 
respectively, while the corresponding correlation 
coef cients with growth phase showed an inverse behaviour 
( Table 1 ). The full diagnostic performance parameters 
( Table 4 ) included the sensitivities, speci cities ,  and 
positive predictive values for the canines (stage F)  and  for 
the other teeth investigated (stage E), which show high 
speci cities and positive predictive values that were again 
greatest for the  rst premolar and lowest for the second 
molar (excluding its stage D, which is redundant and less 
clinically useful than the subsequent stage E). Of interest, 
none of the previous investigations reported the  rst 
premolar as the tooth most correlated with skeletal maturity 
( Chertkow, 1980 ;  Sierra, 1987  ;   Coutinho  et al. , 1993 ; 
 Krailassiri  et al. , 2002 ;  Uysal  et al. , 2004  ;   Basaran  et al. , 
2007 ). However, while the correlation coef cients do not 
fully account for diagnostic performance, the very large 
95  per cent  con dence interval (5.5  –  280.7) seen herein 
for stage E of the  rst premolar for the identi cation of the 
pre-pubertal growth phase has to be taken into account. 
Finally, none of the teeth investigated showed reliable 
diagnostic performance for the identi cation of the end of 

 Table 4      Diagnostic performance parameters of selected tooth and maturation stage in diagnosis of the pre-pubertal growth phases 
( N  = 354). CI, con dence interval; LHR, likelihood ratio.  

  Parameter Tooth (stage) 

 Canine (stage F) First premolar (stage E) Second premolar (stage E) Second molar (stage E)  

  Sensitivity, % (CI) 40.9 (34.1 – 47.7) 26.9 (21.3 – 33.3) 35.0 (28.7 – 41.7) 37.0 (30.8 – 43.8) 
 Speci city, % (CI) 97.3 (93.2 – 98.9) 99.3 (96.2 – 99.9) 97.3 (93.2 – 98.9) 96.6 (92.2 – 98.5) 
 Positive predictive value, % (CI) 95.5 (89.0 – 98.2) 98.2 (90.7 – 99.7) 94.7 (87.2 – 97.9) 93.9 (86.5 – 97.4) 
 Positive LHR (CI) 14.9 (5.6 – 39.7) 39.3 (5.5 – 280.7) 12.8 (4.8 – 34.1) 10.8 (4.5 – 26.0)  

  Data on the second molar (stage D) are not shown because of its redundancy.   
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the pubertal growth spurt ( Tables 2  and  3 ), with the 
exception of the second molar (stage H, full development), 
which showed a positive LHR just below 10 for identi cation 
of the post-pubertal growth phase ( Table 3 ). 

  Clinical implications 

 Despite the high correlations seen herein and in previous 
studies between dental and skeletal maturity, the diagnostic 
performance of the dental maturity for identi cation of 
speci c stages of skeletal maturity would be limited. The 
developmental status of the mandibular canine, the  rst and 
second premolars, and the second molar might only be useful 
in diagnosis of the pre-pubertal growth phase. Moreover, 
reliable differential diagnosis between the two pre-pubertal 
stages, i.e. CS1 and CS2, is not possible. Considering that 
CS2 occurs  1  year before the pubertal growth spurt, while 
CS1 occurs at least  2  years before the pubertal growth spurt 
( Petrovic  et al. , 1990  ;   Baccetti  et al. , 2005 ), precise 
information about the timing of the onset of the growth spurt, 
with the relevant clinical implications in the treatment of 
skeletal  Class  II subjects, is not provided by these dental 
indices. Moreover, none of the teeth investigated would have 
a satisfactory degree of reliability for identi cation of the 
end of the pubertal growth spurt, with the exception of the 
second molar, which was close to a satisfactory level. 

 Similarly, despite the high diagnostic performance of the 
teeth selected and the stages seen herein for the identi cation 
of the pre-pubertal growth phase, the clinical usefulness of 
dental maturation assessments remains low considering that 
the diagnostic accuracy of the early mixed and intermediate 
mixed dentition for the identi cation of the pre-pubertal 
growth phase has been demonstrated ( Bjork and Helm, 
1967 ;  Hagg and Taranger, 1982  ;   Franchi  et al. , 2008 ). 
Therefore, dental emergence can be used instead of dental 
maturation, thus avoiding the need for an X-ray, at least for 
the identi cation of the pre-pubertal growth phase.   

  C onclusions  
    

  1.    Dental and skeletal maturity are highly correlated, 
although the diagnostic performance of dental maturity 
for the identi cation of any stage of skeletal maturity is 
limited.  

  2.    The dental maturation stages of the mandibular teeth 
show satisfactory diagnostic performance only for the 
identi cation of the pre-pubertal growth phases, with no 
reliable indications for onset of the pubertal growth 
spurt.  

  3.    The clinical usefulness of the determination of dental 
maturity for the assessment of treatment timing for 
skeletal malocclusion would thus be      limited.   

      

 Acknowledgements  

 The authors are deeply grateful to Dr Christopher Paul 
Berrie for critical appraisal of the manuscript.  

 References  
      Baccetti     T   ,    Franchi     L   ,    De Toffol     L   ,    Ghiozzi     B   ,    Cozza     P       2006     The diagnostic 

performance of chronologic age in the assessment of skeletal maturity  . 
  Progress in Orthodontics      7  :   176   –   188   

      Baccetti     T   ,    Franchi     L   ,    McNamara     J A     Jr       2005     The cervical vertebral 
maturation (CVM) method for the assessment of optimal treatment 
timing in dentofacial orthopedics  .   Seminars in Orthodontics      11  :   
119   –   129   

      Basaran     G   ,    Ozer     T   ,    Hamamci     N       2007     Cervical vertebral and dental 
maturity in Turkish subjects  .   American Journal of Orthodontics and 
Dentofacial Orthopedics      131  :   447  e.413   –   447e.  420   

      Bjork     A   ,    Helm     S       1967     Prediction of the age of maximum pubertal growth 
in body height  .   Angle Orthodontist      37  :   134   –   143   

      Chertkow     S       1980     Tooth mineralization as an indicator of the pubertal 
growth spurt  .   American Journal of Orthodontics      77  :   79   –   91   

      Coutinho     S   ,    Buschang     P H   ,    Miranda     F       1993     Relationships between 
mandibular canine calci cation stages and skeletal maturity  .   American 
Journal of Orthodontics and Dentofacial Orthopedics      104  :   262   –   268   

      Deeks     J J   ,    Altman     D G       2004     Diagnostic tests 4: likelihood ratios  .   British 
Medical Journal      329  :   168   –   169   

      Demirjian     A   ,    Buschang     P H   ,    Tanguay     R   ,    Patterson     D K       1985   
  Interrelationships among measures of somatic, skeletal, dental, and 
sexual maturity  .   American Journal of Orthodontics      88  :   433   –   438   

      Demirjian     A   ,    Goldstein     H   ,    Tanner     J M A       1973     A new system of dental age 
assessment  .   Human Biology      45  :   211   –   227      

      Engstrom     C   ,    Engstrom     H   ,    Sagne     S       1983     Lower third molar development 
in relation to skeletal maturity and chronological age  .   Angle Orthodontist   
   53  :   97   –   106   

      Franchi     L   ,    Baccetti     T   ,    De Toffol     L   ,    Polimeni     A   ,    Cozza     P       2008     Phases of the 
dentition for the assessment of skeletal maturity: a diagnostic 
performance study  .   American Journal of Orthodontics and Dentofacial 
Orthopedics      133  :   395   –   400   

      Greenhalgh     T       1997     How to read a paper. Papers that report diagnostic or 
screening tests  .   British Medical Journal      315  :   540   –   543   

      Greulich     W W   ,    Pyle     S I       1959     Radiographic atlas of skeletal development 
of the hand and wrist  .   Stanford University Press  ,   Stanford    

      Hagg     U   ,    Taranger     J       1982     Maturation indicators and the pubertal growth 
spurt  .   American Journal of Orthodontics      82  :   299   –   309   

      Krailassiri     S   ,    Anuwongnukroh     N   ,    Dechkunakorn     S       2002     Relationships 
between dental calci cation stages and skeletal maturity indicators in 
Thai individuals  .   Angle Orthodontist      72  :   155   –   166   

      Pancherz     H   ,    Hagg     U       1985     Dentofacial orthopedics in relation to somatic 
maturation. An analysis of 70 consecutive cases treated with the Herbst 
appliance  .   American Journal of Orthodontics      88  :   273   –   287   

      Petrovic     A   ,    Stutzmann     J   ,    Lavergne     J       1990      Mechanism of craniofacial 
growth and modus operandi of functional appliances: a cell-level and 
cybernetic approach to orthodontic decision making  . In:     Carlson     D S     
(ed).   Craniofacial growth theory and orthodontic treatment  .   Monograph 
No. 23, Craniofacial growth series  ,    Center for Human Growth and 
Development, University of Michigan  ,   Ann Arbor   , pp.   13   –   74   

      Sierra     A M       1987     Assessment of dental and skeletal maturity. A new 
approach  .   Angle Orthodontist      57  :   194   –   208   

      Uysal     T   ,    Sari     Z   ,    Ramoglu     S I   ,    Basciftci     F A       2004     Relationships between 
dental and skeletal maturity in Turkish subjects  .   Angle Orthodontist      74  : 
  657   –   664     



Copyright of European Journal of Orthodontics is the property of Oxford University Press / USA and its content

may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express

written permission. However, users may print, download, or email articles for individual use.




