

  applsci-13-01819




applsci-13-01819







Appl. Sci. 2023, 13(3), 1819; doi:10.3390/app13031819




Article



The Fourth Cervical Vertebra Anterior and Posterior Body Height Projections (Vba) for the Assessment of Pubertal Growth Spurt



Roberto Cameriere 1, Luz Andrea Velandia Palacio 2[image: Orcid], Enita Nakaš 3[image: Orcid], Ivan Galić 4,*[image: Orcid], Hrvoje Brkić 5,6,*[image: Orcid], Danijela Kalibović Govorko 7[image: Orcid], Daniel Jerković 4, Liliana Jara 2 and Luigi Ferrante 8





1



AgEstimation Project, Department of Medicine and Health Sciences “Vincezo Tiberio”, University of Molise, 86100 Campobasso, Italy






2



Research Center Dental Department, Institución Universitaria Colegios de Colombia (UNICOC), Bogota 250001, Colombia






3



Department of Orthodontics, School of Dental Medicine, University of Sarajevo, 71000 Sarajevo, Bosnia and Herzegovina






4



Departments of Oral Surgery, School of Medicine, University Hospital of Split, University of Split, 21000 Split, Croatia






5



Department of Dental Anthropology and Chair of Forensic Dentistry, School of Dental Medicine, University of Zagreb, 10000 Zagreb, Croatia






6



Faculty of Dental Medicine, University of Lisbon, 1649-004 Lisbon, Portugal






7



Department of Orthodontics, School of Medicine, University Hospital of Split, University of Split, 21000 Split, Croatia






8



Center of Epidemiology, Biostatistics, and Medical Information Technology, Department of Biomedical Sciences and Public Health, Polytechnic University of Marche, Via Conca 71, 60020 Torrette di Ancona, Italy









*



Correspondence: igalic@mefst.hr (I.G.); brkic@sfzg.hr (H.B.); Tel.: +385-2155-7700 (I.G.); +385-1480-2166 (H.B.)







Academic Editor: Vittorio Checchi



Received: 10 January 2023 / Revised: 28 January 2023 / Accepted: 29 January 2023 / Published: 31 January 2023



Abstract

:

Featured Application


Roberto Cameriere and Ivan Galić equally contributed to this paper.




Abstract


This paper aims to propose a statistical model to assess pubertal growth spurt using the ratio of the anterior height projection to the posterior (Vba) of the fourth cervical vertebra body (C4) on cephalograms and to calculate the residual proportion of skeletal maturation and the time for the pubertal growth spurt to end for a given Vba. A sample of 538 cephalograms from healthy-living children aged between 5 and 15 years was analyzed. A segmented regression model was used to explain the different Vba stages relative to the pubertal growth spurt. In addition, the time to achieve skeletal maturation was evaluated for a given Vba between the beginning (Vba1) and the end (Vba2) of the pubertal growth spurt. A longitudinal sample of 25 males and 25 females was analyzed to validate the proposed method. The values of Vba corresponding to higher pubertal development rate ranged from Vba1 = 0.677 (95%CI, 0.644–0.711) to Vba2 = 0.966 (95%CI, 0.905–1.028) and from Vba1 = 0.669 (95%CI, 0.645–0.693) to Vba2 = 1.073 (95%CI, 1.044–1.101) in males and females, respectively. The validation process results showed that our model did not produce any incorrect forecasts. The proposed method estimates the beginning and the end of the pubertal growth spurt together with the residual proportion of skeletal maturation for a given Vba.
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1. Introduction


Dynamics and timing of dental and skeletal maturation in growing children are fundamental in orthodontic treatment planning; they provide clinical information on how and when a patient should start using maxillary orthopedic appliances or indicate the necessity for orthognathic surgery [1,2,3]. Growth and development assessments use individual indicators or developmental stages to describe the changes that occur during life. Indicators can vary from height and weight gain, development of sexual characteristics, menarche in women, and assessment of mental maturity [4]. Since chronological age is an unreliable way to estimate pubertal growth spurt because of the high variability among individuals in its timing of initiation, duration, and amount during children’s growth, several other approaches have been used [5,6,7,8,9,10].



X-ray of the hand and wrist to assess skeletal maturity has been a standard procedure in clinical orthodontics to assess whether a person is skeletally mature or determine the possibilities of planned therapy [11]. The most straightforward approach to assessing the development of the hand and wrist is to compare the X-ray image with the available Atlas of the development of the hand and wrist [12]. According to Greulich and Pyle, the Atlas of skeletal development of the hand and wrist contains images of the hand and wrist of normal healthy children from birth to adulthood with an age interval of 3 years [13]. Hagg and Taranger [12] studied the skeletal stages of the hand and wrist to indicate a pubertal growth spurt. They concluded that specific skeletal indicators, the ulnar sesamoid of the metacarpophalangeal joint of the first finger, the epiphyses of the middle and distal phalanges of the third finger, and the distal epiphysis of the radius might indicate the onset, peak, and end of the pubertal growth spurt [12]. Bjork et al. [4], in their method for epidemiological registration of malocclusion, defined two stages of the eruption of deciduous teeth, five stages of the eruption of permanent anterior teeth, and four stages of the eruption of permanent molars. Björk and Helm [14] showed that dental stages from Bjork et al. [4], close to the timing of maximum pubertal growth in height, DS4, all canines, and premolars fully erupted, and DS M2, all second molars fully erupted, were of little value as criteria of pubertal peak comparing to ossification of the ulnar sesamoid at the metacarpophalangeal joint of the thumb or menarche. The timing of the eruption of permanent teeth is more dependent on local factors such as loss of deciduous teeth or crowding [15].



Historically, the most common method for assessment of skeletal maturation was an analysis of hand–wrist radiograph, used later by Fishman [16], who related specific skeletal maturity indicator stages to pubertal growth spurt. Furthermore, Lamparski [17] claimed that the use of the cervical vertebrae was as valid as the hand–wrist bones to assess skeletal maturation and described a new approach based on the changes in the shape of five cervical vertebrae. His study designed a series of standards of cervical vertebral maturation (CVM), separating male and female participants concerning chronological age and skeletal maturation [17]. Hassel and Farman [18] modified Lamparski’s method and proved that CVM was acceptably accurate and helpful in estimating an individual’s skeletal maturity and residual growth potential, as well as the hand–wrist method. Studies from Baccetti [1] and Franchi [19] further demonstrated that CVM method is useful as a biological indicator for both mandibular and somatic maturation.



Hassel and Farman [18] modified Lamparski’s method and demonstrated the changes in the shape of cervical vertebrae in each stage of skeletal growth, proving to be acceptably accurate and valuable for estimating skeletal maturity and residual growth potential of an individual as the hand–wrist method. Finally, Baccetti et al. [1] and Franchi et al. [19] showed that the cervical vertebral maturation method is useful as a biological indicator for both mandibular and somatic maturation. Their study was critical due to the use of longitudinal data from radiographs and because their method was based on changes in the annual increase in total mandibular length instead of comparison with hand–wrist skeletal age [1,19].



Dental age estimation methods in children can help assess the development of the dentition, whether it is accelerated or delayed, and the effect of specific therapeutic procedures in oncology patients. In addition, they can be used in research on the growth and development of twins, the effect of hormone replacement therapy, or in estimating age in persons without the possibility of identification [20,21,22,23,24,25]. In the development of permanent teeth, their exchange with milk teeth is essential, as the lower and upper molars and front incisors sprout first, and tooth sprouting takes place until 21–23 years of age [26]. In addition to age assessment based on the number of permanent teeth in the mouth, more reliable methods of dental age assessment are based on the analysis of radiographic images, and so far, several methods have been presented that mainly assess tooth development in stages. The most commonly used methods that use developed stages are Demirjian, Willems, Haavikko, and Chaillet [27,28,29,30]. If a strong association of dental development with skeletal development were to be proven, some of the values used to assess tooth development could be taken as a reference or even the first choice in diagnosing the pubertal growth spurt. Dental scans are a mandatory part of the protocol when planning orthodontic therapy so that they can assess the expected or completed pubertal growth spurt [31].



The atlas or staging systems generally used in estimating the development regularly contain a set of longitudinal figures of different ossification stages, which typically do not stand on accurate measurements with definite orientation points [32]. Cameriere et al. introduced another approach for studying dental and skeletal development for age estimation by specific lengths or area measurements of the apposition of secondary dentine in dental radiographs and the ossification of the carpal skeleton in hand and wrist radiographs [33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49].



Cameriere et al. [40] and Gulsahi et al. [50] published articles where the heights of the anterior and posterior sides of the C4 vertebral body from lateral cephalograms in individuals aged 5–15 years were used to estimate the chronological age with forensic purposes. The ratio of heights or Vba has shown a correlation to chronological age and was recognized as a potential indicator for age estimation in this age range [40]. After Bayes calibration, the mean absolute errors (MAEs) were 1.34 years with standard deviation (SD) of 0.95 years and 1.01 years (SD 0.71 years), and the mean inter-quartile ranges (MIQRs) of the calibrating distribution were 2.32 years (SD, 0.25 years) and 1.72 years (SD, 0.39 years) in males and females, respectively [40]. Gulsahi et al. [50] also investigated the correlation of age and Vba on the Turkish sample, and after Bayes calibration, MAEs were 0.879 years and 0.906 years (mean interquartile ranges (MIQR.s) 1.290 and 1.435 years) in males and females, respectively.



According to published results of the usefulness of Vba in the specific age span of development when adolescent growth spurt occurs, we decided to study the values of Vba, particularly the distributions of its minimum and maximum, during adolescence.



The aims of this study were, therefore, to evaluate the ratio of the anterior height projection to the posterior (Vba) of the fourth cervical vertebra body (C4) on cephalograms and its relationship with a pubertal growth spurt and to propose a statistical model based on segmented regression to calculate the residual proportion of the skeletal maturation for a given Vba and the time for the pubertal growth spurt to end for a given Vba.



The proposed model will be validated using longitudinal data from the Michigan Growth Center supported by the American Association of Orthodontists Foundation (AAOF).




2. Materials and Methods


This cross-sectional observational study evaluated 527 lateral cephalograms previously taken for dental diagnoses and pretreatment planning. All participants were healthy individuals aged between 5 and 15 years who lived in Croatia and without a recorded history of genetic or developmental anomalies of the skeleton. The study was conducted by the ethical standards laid down by the Declaration of Helsinki [51].



The age and sex distribution for each age category of the sample are presented in Figure 1.



In addition, the following data were recorded for each subject: dates of birth and of the radiograph, sex, as reported on the radiograph, and ancestry as reported by either self or family. The observers were blinded to information on the subject’s sex and age.



The radiographs were processed according to the method of Cameriere et al. [40]. The ratio of the anterior height projection to the posterior (A/B = Vba), Figure 2, was used first to correlate with the different moments of the pubertal growth spurt and second, to propose a method that can quantitatively determine the beginning and the end of the pubertal growth spurt in an individual.



We evaluated lateral cephalograms from 50 subjects (25 males and 25 females) to validate the proposed model. The lateral cephalograms of the subjects belong to the Michigan Growth Center and include the subset of subjects with at least four radiographs. For each subject, the number of observations ranged from 4 to 6, totaling 227 radiographs.



Statistical Analysis


Thirty randomly selected lateral cephalograms were reanalyzed after two weeks to assess the intra-observer repeatability and inter-observer reliability of Vba by the same observer and a second one, respectively. The intra-class correlation coefficient (ICC) was used to evaluate intra- and inter-observer agreement [52].



According to the results in this study and reported by Cameriere et al. [40], we considered that C4 development presented as Vba increment is not constant concerning age, but it seems to follow three distinct phases with increment in the intermediate phase.



The nonlinear relationship between Vba and actual age suggests fitting data using a segmented regression model, which allows us to estimate two breakpoints, τ1 and τ2 and both regression coefficients characterize the interval of ages with higher pubertal development rate [53]. The proposed segmented regression model to fit the data is:


  V b a =  β 0  +  β 1  · a g e +  β 2  ·     a g e −  τ 1     +  +  β 3  ·     a g e −  τ 2     +   



(1)




where βi, i = 0, … 3, are the regression coefficients, and (x)+ is equal to x if x is positive and 0 otherwise. The meanings of the regression coefficients are: β0 is the intercept of the piecewise linear curve with the vertical axis (see Figure 3), i.e., it is the mean Vba value at age = 0; β1 is the “left” slope, i.e., the growth rate when age < τ1; the sum β1 + β2 is the “central” slope, i.e., the growth rate of Vba when the individual age belongs to the interval (τ1, τ2); finally, the sum β1 + β2 + β3 is the “right” slope, namely the slope when age > τ2) and it is the growth rate of Vba when individual’s age is greater than τ2.



Fitting the model to the data, we estimated the regression coefficients and two breakpoints. Furthermore, we estimated the values of Vba corresponding to the two breakpoints, Vba1 and Vba2 (spurts), and, for a given value of Vba, the residual proportion of maturation of the C4 vertebral body, θ. Considering that Vba1 and Vba2 are the random variables normally distributed, the residual proportion of maturation, θ, is also a random variable, but it is not normally distributed. Consequently, for each value of Vba, we reported the median, the first, and the third quartile of θ.



Concerning the validation process, for the k-th subject (k = 1, … N), the gathered information can be summarized considering the set ℐk = {(ai, Vbai), i = 1, … nk}, where ai is the age of the subject at the i-th radiograph, Vbai is the corresponding Vba value, and nk is the number of radiographs of the k-th subject.



Since our model allowed us to estimate the beginning of the pubertal spurt, τ1, and the corresponding Vba value, Vba1, we can consider η1 = min {Vbai: Vbai ≥ v}, i.e., the first radiograph of the subject with Vba value greater than Vba1, and t1, the corresponding age of the subject. Subsequently, we evaluated the residual proportion of maturation of the C4 vertebral body θk = Vba2 − η1, and Δτ, the time elapsed from η1 to Vba2.



Finally, we estimated the expected age for the end of the spurt, t2 = t1 + Δτ, for the k-th subject, the value α = min {ai: ai ≥ t2, i = 1, … nk} and η2, the corresponding Vba value obtained using equation (1): η2 = Vba(α).



If η2 belonged to the 95% CI for Vba2, the forecast of the expected end of the pubertal spurt for the k-th subject was considered correct (C). If η2 resulted in less than the lower limit of the 95% CI for Vba2, but the next observed Vba value of the subject, say η3, belonged to the 95% CI for Vba2, the forecast was considered slightly underestimated (U). If none of the above conditions was verified, the estimate was considered an incorrect forecast (I). Statistical analyses were performed with the R statistical program [54].





3. Results


There were no statistically significant intra-observer differences between paired sets of measurements on re-examined lateral cephalograms, ICC = 0.97 (95%CI, 0.95–0.98). A similar result was obtained considering the agreement between the two observers, ICC = 0.93 (95%CI, 0.89–0.96).



The parameter estimates of the segmented model used to fit the data for both males and females are listed in Table 1, with their standard errors.



The segmented regression equations explained 73% and 86% of the total variance of Vba for males and females, respectively.



For males, the two breakpoints, characterizing the higher pubertal development rate, lasted for 1.71 years with a Vba increasing rate (slope of the curve) of 0.169 years−1 (se = 0.029 years−1), Figure 3. The values of Vba corresponding to the beginning and the end of the growth spurt were Vba1 = 0.676 (95%CI, 0.642–0.711) and Vba2 = 0.966 (95%CI, 0.905–1.028).



For females, the two breakpoints, characterizing the higher pubertal development rate, lasted for 3.76 years with a Vba increasing rate (slope of the curve) of 0.114 years−1 (se = 0.007 years). The values of Vba, corresponding to the beginning and end of the higher pubertal development rate, were Vba1 = 0.658 (95%CI, 0.634–0.682) and Vba2 = 1.073 (95%CI, 1.044–1.101) respectively. Table 2 reported, for some different values of Vba, the corresponding median values of θ (%) and the median of the time elapsed to the end of the pubertal spurt Δτ (years) with the first and third quartile of its distribution.



The results of the validation process are synthesized in Table 3. It shows that our model did not produce any incorrect forecast. Furthermore, although the difference between males and females is not statistically significant, the number of correct forecasts in sampled males is almost twice that of females.




4. Discussion


In our study, we analyzed the ratio of the anterior and posterior sides of C4 (Vba), and our findings showed the variability of time and the incremental span of Vba in the circumpubertal period of life. Therefore, we hypothesized that this incremental span of Vba was a potential indicator of the beginning and the end of the pubertal growth spurt and skeletal development.



Segmental regression analysis detected specific Vba values at the beginning and the end of the pubertal growth spurt in males and females, which also determined the specific age interval of the spurt in the tested population. The spurt began at nine years and three months old in females and was ahead of males for over four months. The mean ending of the spurt was at twelve years and nine months and was delayed in males for over fourteen months. Different regression models, Bayesian approach, and response surface methodology with statistical potentials in other topics may be a potential statistical tool for fitting an assumed experimental model to data obtained under the chosen design [7,55,56,57,58,59].



One of the limitations of qualitative vertebral cervical methods is identifying the different stages or shapes. Nestman et al. [60] studied CVM reproducibility and observed poor concordance and difficulties in classifying the shapes of C3 and C4 vertebral bodies as trapezoidal, rectangular horizontal, square, or rectangular vertical. Because of those difficulties, the method’s reproducibility was tested for clinical use in determining the timing of orthodontic treatment. However, Perinetti et al. [61] reported that visual assessment of CVM appears accurate and repeatable, but stages 4 and 5 require a more careful evaluation. Furthermore, in a systematic review of the reliability of the CVM method to predict pubertal spurt, the authors concluded that although there was a good correlation between hand–wrist and CVM methods, there was a low level of evidence. Therefore, the reliability of the method remained uncertain [62].



The previous observations suggest the need for improvement of current methods by using a different approach that relies more on quantitative measurements rather than comparison based on stages. For example, when comparing Vba visually to the CVM stages, it is possible to observe that Vba values close to Vba1 correspond to a trapezoidal shape or CVMS II, while Vba values of Vba2 or close to 1.00 are more rectangular and, therefore, similar to CVM III. However, the CVM and Cervical Vertebral Maturation Stage (CVMS) methods can only show the stage of the evaluated patient.



The studies that have observed the morphological changes of the cervical vertebral bodies during growth from lateral cephalograms describe a consistent shift from a trapezoidal shape in the initial stages of maturation to a more rectangular shape related to the final stages of maturation [16,17]. Such variations in cervical vertebral body shapes suggest a relationship between the proportions of the posterior and anterior sides of the cervical bodies and the beginning and end of the pubertal growth spurt; the C4 vertebral body was chosen because it is usually clearly visible in the lateral cephalograms. Björk and Helm investigated the age at maximum height growth at puberty in Danish children to determine whether the maximal growth spurt had been reached or passed. They compared the maximum increase in height with age at ossification of the sesamoid of the thumb, and menarche, two specific stages of tooth development: all canines and premolars fully erupted, and all second molars fully erupted. They showed that the maximum growth in height was 18 ± 3.0 months and ossification of the ulnar sesamoid of the thumb 21 ± 3.0 months ahead in girls compared to boys. The gender difference in tooth development was significantly smaller, with the full eruption of the occlusal level of the canines and premolars being attained only 2 ± 5.2 months earlier in girls, while the full eruption of the second molars was earlier in girls by 6 ± 4.7 months. The ulnar sesamoid of the thumb was ossified by an average of 12 months before maximum pubertal growth in females and nine months before in males and preceded or coincided with maximum pubertal growth for both sexes.



From a clinical perspective, it would be helpful to obtain more precise information on the residual amount of growth just by calculating an easy-to-measure single variable such as Vba since this was not possible with current CVM or CVMS methods. Furthermore, our intra-observer and inter-observer reliability results show excellent concordance due to the ease of measuring precise and visible projections and calculating their proportion, making the method straightforward and practical.



The possible application of dental development analysis to assess pubertal growth spurt compared to skeletal development was compared by Bittencourt et al. [31] in a systematic review and meta-analysis. In the analyzed articles, the authors used skeletal methods according to Greulich-Pyle and Fishman and dental methods according to Nolla, Demirjian, and Moorrees [25]. Half of the research in the meta-analysis indicates a strong correlation between tooth development and skeletal development, identifying the lower canine as the tooth that correlates the most with skeletal development. However, they pragmatically concluded that it is not possible to assess pubertal growth spurt by tooth development [31].



For orthodontic clinicians, the measurements of the posterior and anterior projections of body heights from C4 vertebrae and their ratio Vba would allow them to estimate the amount of time remaining for the growth spurt to occur or to determine if it has already passed. However, similar to other growth indicators, it must be used considering the individual variations and using additional information since no method has complete diagnostic reliability in identifying the pubertal growth spurt [27,45,63].



The longitudinal sample of cephalograms taken from the Michigan Growth Center to test the method presented positive results showing no incorrect predictions. However, it suggests that future studies should verify them using a larger sample of longitudinal data with the Vba measurement and evaluate the method and its specific cut-offs of Vba with other skeletal methods on different samples to test its applicability in clinical practice.




5. Conclusions


This study analyzed the ratio of the anterior height projection to the posterior of the C4 vertebral body or Vba during childhood, where preadolescence and adolescence occurred, and proved the applicability of Vba for estimating the beginning and end of the pubertal growth spurt and in a specific population. Based on the observations, the proposed method estimated the starting cut-off value of Vba, Vba1, and the ending cut-off value, Vba2, of the higher pubertal development rate and the residual proportion of Vba of C4 maturation, θ (%), with their standard errors.



The specific results suggest that the cut-off value of Vba breakpoints and θ (%) need to be validated on other available C4 samples of different ethnic and geographical specificities.
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Figure 1. Frequency distribution of the sample by sex and age cohort. 
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Figure 2. An example of the anterior (A) and the posterior (B) sides of the fourth cervical vertebral body. The anterior side of the body is measured up to the point where the anterior side (A) curves (C1) towards the superior side (C2) of the vertebral body. 
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Figure 3. The distribution of the proportions of the anterior and posterior sides of the C4 vertebral body (Vba) as the function of age for males (left) and females (right) subjects with segmented regression plots. 
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Table 1. Parameter estimates of the segmented regression model (1) were used to fit the data separately for males and females.
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Coefficients

	
Males

	
Females




	
Estimate

	
Se

	
Estimate

	
Se






	
β0

	
0.441

	
0.056

	
0.394

	
0.048




	
β1

	
0.024

	
0.007

	
0.028

	
0.006




	
β2

	
0.145

	
0.030

	
0.086

	
0.009




	
β3

	
−0.154

	
0.030

	
−0.112

	
0.017




	
cut-offs

	

	

	

	




	
τ1

	
9.679

	
0.213

	
9.384

	
0.241




	
τ2

	
11.391

	
0.235

	
13.02

	
0.247
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Table 2. Median, first, and third quartile of the distribution of the residual proportion of the maturation, θ (%), and the time elapsed to the end of the pubertal spurt, Δτ (years), for the given ratio of projections of the anterior and posterior heights of the C4 vertebral body (Vba) in males and females.
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Vba

	
θ (%)

	
Δτ (Years)

	
Vba

	
θ (%)

	
Δτ (Years)




	
Q1

	
Median

	
Q3

	
Q1

	
Median

	
Q3

	
Q1

	
Median

	
Q3

	
Q1

	
Median

	
Q3




	
Males

	

	

	

	

	

	

	
Females

	

	

	

	

	

	






	
0.67

	
0.95

	
0.99

	
1.00

	
1.57

	
1.81

	
2.10

	
0.65

	
0.99

	
1.00

	
1.03

	
3.55

	
3.73

	
3.92




	
0.69

	
0.88

	
0.93

	
0.97

	
1.47

	
1.69

	
1.97

	
0.67

	
0.94

	
0.96

	
0.98

	
3.38

	
3.55

	
3.73




	
0.71

	
0.81

	
0.86

	
0.91

	
1.36

	
1.57

	
1.84

	
0.69

	
0.90

	
0.92

	
0.93

	
3.21

	
3.37

	
3.55




	
0.73

	
0.75

	
0.80

	
0.85

	
1.25

	
1.46

	
1.71

	
0.71

	
0.85

	
0.87

	
0.88

	
3.04

	
3.19

	
3.36




	
0.75

	
0.68

	
0.73

	
0.78

	
1.14

	
1.34

	
1.57

	
0.73

	
0.80

	
0.82

	
0.84

	
2.86

	
3.02

	
3.18




	
0.77

	
0.61

	
0.67

	
0.72

	
1.03

	
1.22

	
1.44

	
0.75

	
0.75

	
0.77

	
0.79

	
2.69

	
2.84

	
2.99




	
0.79

	
0.55

	
0.60

	
0.66

	
0.92

	
1.10

	
1.31

	
0.77

	
0.70

	
0.72

	
0.74

	
2.52

	
2.66

	
2.81




	
0.81

	
0.48

	
0.54

	
0.60

	
0.81

	
0.98

	
1.18

	
0.79

	
0.66

	
0.67

	
0.69

	
2.35

	
2.48

	
2.63




	
0.83

	
0.41

	
0.47

	
0.53

	
0.70

	
0.87

	
1.05

	
0.81

	
0.61

	
0.63

	
0.64

	
2.18

	
2.31

	
2.44




	
0.85

	
0.35

	
0.41

	
0.47

	
0.59

	
0.75

	
0.93

	
0.83

	
0.56

	
0.58

	
0.60

	
2.00

	
2.13

	
2.26




	
0.87

	
0.28

	
0.35

	
0.41

	
0.48

	
0.63

	
0.80

	
0.85

	
0.51

	
0.53

	
0.55

	
1.83

	
1.95

	
2.08




	
0.89

	
0.21

	
0.28

	
0.34

	
0.37

	
0.51

	
0.67

	
0.87

	
0.46

	
0.48

	
0.50

	
1.66

	
1.77

	
1.89




	
0.91

	
0.15

	
0.22

	
0.28

	
0.25

	
0.39

	
0.55

	
0.89

	
0.41

	
0.43

	
0.45

	
1.49

	
1.60

	
1.71




	
0.93

	
0.08

	
0.15

	
0.22

	
0.14

	
0.28

	
0.42

	
0.91

	
0.37

	
0.38

	
0.40

	
1.31

	
1.42

	
1.53




	
0.95

	
0.01

	
0.09

	
0.16

	
0.02

	
0.16

	
0.30

	
0.93

	
0.32

	
0.34

	
0.36

	
1.14

	
1.24

	
1.35




	

	

	

	

	

	

	

	
0.95

	
0.27

	
0.29

	
0.31

	
0.96

	
1.06

	
1.16




	

	

	

	

	

	

	

	
0.97

	
0.22

	
0.24

	
0.26

	
0.79

	
0.88

	
0.98




	

	

	

	

	

	

	

	
0.99

	
0.17

	
0.19

	
0.21

	
0.61

	
0.71

	
0.80
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Table 3. The frequency distribution of the forecasts of the expected end of the spurt periods using regression model (1) for the 50 subjects belongs to the Michigan Growth Center.
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Sex

	
Forecast




	
C

	
U

	
I






	
Males

	
17

	
8

	
0




	
Females

	
9

	
16

	
0








Abbreviation: C, correct forecast; U, slightly underestimated forecast; I, incorrect forecast.
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