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Summary

Background/objectives: The capability of the cervical vertebral maturation (CVM) method in the 
identification of the mandibular growth peak on an individual basis remains undetermined. The 
diagnostic reliability of the six-stage CVM method in the identification of the mandibular growth 
peak was thus investigated.
Subjects/Methods: From the files of the Oregon and Burlington Growth Studies (data obtained 
between early 1950s and middle 1970s), 50 subjects (26 females, 24 males) with at least seven 
annual lateral cephalograms taken from 9 to 16 years were identified. Cervical vertebral maturation 
was assessed according to the CVM code staging system, and mandibular growth was defined as 
annual increments in Co–Gn distance. A diagnostic reliability analysis was carried out to establish 
the capability of the circumpubertal CVM stages 2, 3, and 4 in the identification of the imminent 
mandibular growth peak.
Results: Variable durations of each of the CVM stages 2, 3, and 4 were seen. The overall diagnostic 
accuracy values for the CVM stages 2, 3, and 4 were 0.70, 0.76, and 0.77, respectively. These low 
values appeared to be due to false positive cases.
Limitations: Secular trends in conjunction with the use of a discrete staging system. In most of the 
Burlington Growth Study sample, the lateral head film at age 15 was missing.
Conclusions/Implications: None of the CVM stages 2, 3, and 4 reached a satisfactorily diagnostic 
reliability in the identification of imminent mandibular growth peak.

Introduction

Nowadays, the search for a reliable indicator of the skeletal maturity 
is still of crucial importance to enhance the efficiency of functional 
treatment, especially when dealing with skeletal Class II malocclu-
sions (1). Among the indicators of skeletal maturity, the well-known 
cervical vertebral maturation (CVM) method (in different variants) 
has been proposed (2–4). This method was originally reported over 
four decades ago (5) and has become popular both in clinical prac-
tice and research. However, only very few investigations (6–12) cor-
related the CVM method with mandibular growth according to a 

longitudinal study design. Some of these studies (6–8) reported the 
mandibular growth peak to occur during CVM stages 3 and 4, while 
others (3, 9–12) failed to detect a significant correlation between the 
maturation of the cervical vertebrae and mandibular growth peak. 
However, as correlation between parameters does not necessarily 
imply diagnostic accuracy, the reliability of the CVM method in the 
identification of the mandibular growth peak on an individual basis 
remains undetermined (1). To date only one longitudinal study (13) 
has reported on the diagnostic reliability, i.e. sensitivity or specifi-
city, of the CVM stages 3 and 4 in the identification of mandibular 
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growth peak. However, that investigation was limited as the results 
were derived from a data set of the University of Michigan Growth 
Study from which the CVM method itself was derived (7).

By using files from the Oregon and Burlington Growth Studies, 
the present investigation aimed at elucidating the diagnostic reli-
ability of the CVM method in the identification of the mandibular 
growth peak. To achieve this goal, the individual CVM stages and 
mandibular growth were recorded longitudinally in a group of sub-
jects. Subsequently, a comprehensive diagnostic reliability analysis 
of the circumpubertal CVM stages 2, 3, and 4 in the identification 
of the mandibular growth peak has been carried out as previously 
reported (13–15).

Subjects and methods

Study design
Subjects were selected from the records of the Oregon and 
Burlington Growth Studies (data obtained between early 1950s 
and middle 1970s), and extracted from the American Association 
of Orthodontists Foundation (AAOF) Craniofacial Growth Legacy 
Collection (www.aaoflegacycollection.org). Subjects were selected 
for inclusion if they had a series of consecutive annual lateral cepha-
lograms from the age of 9 to 16 years and if cervical vertebrae 2, 3, 
and 4 were visible in all films. Exceptions were made for 23 out of 
27 Burlington Growth Study cases missing the recording at 15 years 
(see below). An attempt was made for the inclusion of subjects with 
normal growth having an overall ANB angle between 0 degree and 
6 degrees and total facial divergence (as SN–CoGn angle) between 
25 degrees and 42 degrees. Exclusion criteria were: 1.  incomplete 
records; 2. radiographs of poor diagnostic quality; 3. subjects with 
visible signs of craniofacial syndromes; and 4. evident orthodontic 
treatment, even minimal including the use of a space maintainer.

From the original samples available on the AAOF Craniofacial 
Legacy Collection, 50 cases (26 females, 24 males) were included. 
A  total of 23 and 27 cases were derived from the Oregon and 
Burlington Growth Study collections, respectively. Part of the data 
on the assessment of maturation of the cervical vertebrae (from 
the Oregon Growth Study) and mandibular growth peak (from the 
Burlington Growth Study) are subsets of larger samples reported 
in two previous investigations (14, 15). With little approximation, 
magnification factors of 8 and 10 per cent were adopted for the 
Oregon and Burlington Growth Study samples, respectively.

Assessment of the CVM stages
In the present study, the six-stage CVM method as described by 
Baccetti et al. (2) was assessed according to the objective CVM code 
staging system (15). Briefly, CVM staging was carried out following 
a digitization regimen and analysis (16) with a customized cepha-
lometric software (Viewbox, version 3.0, dHAL Software, Kifissia, 
Greece). For those cases where data was not retrieved from the pre-
vious investigation (15), cephalograms were traced by an operator 
(BS) and checked for accuracy by a second investigator (GP) with 
details reported elsewhere (15).

The retrieved data was used to the calculate presence/absence of 
concavity and shape of the vertebral body through a custom-made 
subroutine. Finally, individual CVM codes were retrieved according 
to the concavities of the cervical vertebrae 2–4 and shapes of the 
cervical vertebrae 3 and 4.  In detail, lower borders of the cervical 
vertebrae 2–4 were reported as flat (F) or concave (C), while the 
shapes of the cervical vertebrae 3 and 4 were reported as trapezoidal 
(T), rectangular horizontal (H), squared (S), or rectangular vertical 

(V). Each case was thus defined by a five-letter code, as for instance, 
CCF-HT indicates concave cervical vertebrae 2 and 3, flat cervical 
vertebra 4, rectangular horizontal cervical vertebra 3, and trapezoi-
dal cervical vertebra 4.  The retrieved CVM codes, either falling 
within the reported norms (regular cases) or not (exception cases) 
were also converted into the CVM stages as previously reported (15) 
and summarized in Supplementary Material.

Assessment of the mandibular growth peak
The total mandibular length was defined as the distance between 
Condylion (Co) and Gnathion (Gn). For those cases where data 
was not retrieved from the previous investigation (14), cephalo-
grams were traced by an operator (JP) and checked for accuracy 
by a second investigator (LC). A customized cephalometric software 
(Viewbox) was used.

Annual increments in Co–Gn distance were calculated for each 
subject from the 9–10 years interval to the last 15–16 years interval. 
Since annual intervals were not always equal to 12 months, annual-
ized increments were derived. Finally, the annual age interval with 
the greatest increment in Co–Gn distance of the whole series, i.e. 
mandibular growth peak, was identified and subsequently used for 
diagnostic reliability analysis (13). Moreover, for the 23 Burlington 
Growth Study cases missing the 15 years, annualized increments in 
Co–Gn distance were derived from the bi-annual 14–16 years of age 
interval. According to this procedure, 3 cases out of 27 showed a 
mandibular growth peak during the bi-annual 14–16 years of age 
interval. Therefore, little approximation was followed by using the 
CVM stage at 14 years for diagnostic reliability analysis.

Method error and data analysis
Method error for the Co–Gn distance was assessed by the method of 
moments variance estimator on 30 pairs of recordings (15 per col-
lection) randomly selected, and expressed as mean (95% confidence 
interval [CI]). The repeatability in the assignment of the CVM stage 
was performed on a further 30 pairs of cases (15 per collection) 
randomly selected by using the percentage of disagreement, and by 
both unweighted and linear weighted kappa coefficients presented as 
mean (95% CI) (17).

Diagnostic reliability analysis
For the pooled sample of the Oregon and Burlington Growth Studies, 
average growth curves were plotted for annualized increments of 
total mandibular length (as Co–Gn distance) for females and males. 
When constructing the curves, individual mandibular growth peaks 
were aligned (registered) according to the year of the peak, and each 
prior and succeeding intervals up to ±3 years were also reported.

Diagnostic reliability assessment (for the pooled sample) was 
carried out for each annual age interval and included sensitivity, 
specificity, positive predictive value (PPV), negative predictive value 
(NPV), and accuracy (18). Moreover, for each diagnostic param-
eter, the overall weighted mean was also calculated considering 
the paired nature of the data. Each diagnostic parameter has been 
presented as mean and 95 per cent CI. This analysis evaluated the 
capability of the circumpubertal CVM stages 2, 3, and 4 in the iden-
tification of the greatest individual increment of Co–Gn distance 
in the following year according to previously reported procedures 
(13, 14, 19). Moreover, diagnostic reliability assessment was also 
carried out for each of the Oregon and Burlington Growth Studies 
(Supplementary Data).

The Statistical Package for Social Science (SPSS software 13.0, 
SPSS Inc., Chicago, Illinois, USA), Comprehensive Meta-Analysis 
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software 2.0 (Biostat Inc., Englewood, New Jersy, USA), MedCalc 
software 12.3.3.0 (MedCalc Software, Mariakerke, Belgium), and 
the interactive Stats Calculator (http://ktclearinghouse.ca/cebm/
practise/ca/calculators/statscalc) were used to perform the analyses.

Results

The method error for the Co–Gn distance was 0.8 mm (0.7–1.1). 
The overall percentage of disagreement for the CVM stages was 
13.3 per cent (4 cases out of 30, with 1 stage of disagreement). The 
unweighted kappa coefficient was 0.84 (0.69–0.98) and the weighted 
kappa coefficient was 0.92 (0.85–0.99).

The full list of the individual CVM stages from 9 to 15 years 
(for the Oregon Growth Study sample) and from 9 to 14/15 years 
of age (for the Burlington Growth Study sample), and corresponding 
following annual increments in Co–Gn distance is summarized in 
Table 1. For the Burlington Growth Study sample, a total of 4 cases 
out of 27 also had recordings at 15 years of age.

With four exceptions (Oregon 250–1, 250–2 and 251, Burlington 
366), all the cases had a CVM stage 1 at the beginning of the moni-
toring. Males showed generally later maturation as compared to that 
of females. Not all the cases showed the CVM stages 2, 3 and 4. In 
detail, CVM stage 2 was seen in 34 cases; CVM stage 3 was seen in 
33 cases (including Oregon 089-1 and Burlington 544, 742 where it 
was recorded at 16 years of age); CVM stage 4 was seen in 37 cases 
(including Burlington 198 where it was recorded at 16 years of age). 
Whenever detected, the duration of each CVM stage 2, 3, and 4 was 
variable lasting from 1 to 3 years.

The values of greatest annualized increments in Co–Gn distance 
ranged from 2.9 mm (Burlington 198, 11–12 years of age) to 8.1 mm 
(Oregon 153, 13–14 years of age). Most of these mandibular growth 
peaks were seen at the 11–12 years (n = 10), 12–13 years (n = 8), 
and 13–14 years (n = 15) age intervals. Males showed generally man-
dibular growth peaks at later age intervals as compared to females, 
even though noteworthy variability has been seen over the different 
annual age intervals and among subjects. In only three Burlington 
subjects (183-2, 289, 366), mandibular growth peak occurred in the 
biannual 14–16 years of age.

The annualized increments of mandibular growth, in register 
according to the peaks, is shown in Figure 1. The greatest annual-
ized mandibular growth values (as mean ± standard deviation) were 
4.3 ± 0.2 mm and 5.4 ± 1.6 mm in females and males, respectively. 
All the other mean values were generally about 2 mm, ranging from 
1.2 to 2.6 mm.

Results on the diagnostic reliability assessment of the CVM 
stages 2, 3, and 4 in the identification of the mandibular growth 
peak, according to each annual age interval for the whole sample, 
are summarized in Table 2. Generally, the CVM stages 2, 3, and 4 
showed similar behavior with a slightly better diagnostic reliability 
seen for stages 3 and 4 as compared to stage 2. By excluding the 
9–10  years and 10–11  years intervals (with very few mandibular 
growth peaks), the overall sensitivity ranged from 0.16 (CVM stages 
2 and 3) to 0.25 (CVM stage 4), while the overall specificity ranged 
from 0.80 (CVM stage 2)  to 0.87 (CVM stages 3 and 4). Overall 
PPVs ranged from 0.17 (CVM stage 2) to 0.29 (CVM stage 4), while 
overall NPVs ranged from 0.83 (CVM stage 2) to 0.87 (CVM stage 
4). Finally, the overall diagnostic accuracy for the CVM stages 2, 3, 
and 4 was 0.70, 0.76, and 0.77, respectively.

The raw Co–Gn distances and related CVM codes for each case 
and chronologic age are summarized in Supplementary Table 1. For 
the whole sample, the frequencies of the different CVM codes for 

regular cases and exception cases are summarized in Supplementary 
Table 2. The detailed diagnostic parameters for the CVM stages 2, 3, 
and 4 for each of the Oregon and Burlington Growth Study samples 
are summarized in Supplementary Tables 3 and 4, respectively.

Discussion

The present longitudinal study assessed the diagnostic reliability of 
the CVM stages 2, 3, and 4 in the identification of the mandibu-
lar growth peak. An objective and transparent CVM code staging 
system has been applied revealing the existence of exception cases 
and noteworthy variability in the duration of the different stages. 
Finally, the CVM the method failed to show a satisfactorily diag-
nostic reliability.

Since only 3 out of 50 subjects, had a mandibular growth peak in 
the bi-annual 14–16 years of age interval, the approximations used 
in the present study were very little with no relevant effect on the 
results. In the whole sample, the mandibular growth peak occurred 
generally between 11 and 13 years in females, and between 13 and 
14  years in males. These ages are greater as compared to those 
reported for the Bolton Brush Study sample (11) and similar to those 
reported from other investigations that recorded standing height 
instead of mandibular growth peak (20, 21). The annual rate of the 
total mandibular growth seen herein (Figure 1) is similar to previous 
evidence reported for Class I untreated subjects (22) and it could be 
easily identified as shown in Figure 1. Nevertheless, in several cases a 
very early or late mandibular growth peak was seen (Table 1), mak-
ing the use of a determined age range unreliable. When analyzing old 
samples, such in this case, secular trends should be considered as a 
possible source of variability (23).

Regarding the CVM method, the present study used a recent 
objective code staging system (15) to analyze the longitudinal 
changes in a sample of growing subjects. The existence of exception 
cases (Supplementary Table 2) and their implications have been dis-
cussed elsewhere (15), while variable durations of the different CVM 
stages needs attention as it affects diagnostic reliability, and hence the 
clinical applicability of the method. The mean duration of each CVM 
stages from 2 to 5 has originally been reported to last 1 year (2, 7). 
However, a noteworthy inter-subject variability in terms of duration 
of the different CVM stages was seen for both the Oregon (15) and 
Burlington Growth Study samples (Table 1). In the whole sample, and 
excluding the extreme CVM stages 1 and 6, only 14 cases (28.0%) 
showed the full range of stages (11 cases could not be assessed due 
to limitations imposed by the age range). More interestingly, only 
3 cases out of 50 (Oregon 76 and 105-1, Burlington 321)  showed 
regular 1-year durations of CVM stages from 2 to 5 (Table 1). In sev-
eral cases, a discontinuity between consecutive stages was seen with 
jumping of one or two stages (Table 1). This evidence may be due to 
fine morphological transitions, according to which a given stage may 
be apparently missing, while the preceding or the subsequent may last 
for 2 years. This aspect is an intrinsic limitation of any discrete matu-
rity index, including the hand-and-wrist (24) and third finger mid-
dle phalanx (14) maturation methods, and it becomes of particular 
importance when a single film is available to assess skeletal maturity.

Results obtained from each of the Oregon and Burlington 
Growth Studies were generally similar, with the exception for the 
former sample in which most of the mandibular growth peaks 
occurred after CVM stages 3–5, while for the latter sample peaks 
occurred mostly after CVM stages 2–4. Although this apparent dif-
ference needs to be further investigated in other populations, the 
whole sample was analyzed since conclusions in terms of diagnostic 
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reliability would be similar irrespective of the Growth Study under 
investigation (see Supplementary Tables 3 and 4).

In the whole sample, mandibular growth peak occurred after 
CVM stages 2, 3, and 4 in 9 (18%), 12 (24%), and 16 (32%) cases, 

respectively. Moreover, nine mandibular growth peaks occurred 
after CVM stage 1 and other 4 after the stage 5 (Table 1). Therefore, 
CVM stages 3 and 4 taken together, were able to identify no more 
than 56 per cent of the mandibular growth peaks. This evidence is 

Table 1. The individual cervical vertebral maturation stages and corresponding following annualized increments in Co–Gn (mm) according 
to each annual age interval for the Oregon and Burlington Growth Study cases.

ID, Sex

9–10 years 10–11 years 11–12 years 12–13 years 13–14 years 14–15 years 15–16 years

CS Co–Gn CS Co–Gn CS Co–Gn CS Co–Gn CS Co–Gn CS Co–Gn CS Co–Gna

Oregon Growth Study
76, F 1 2.6 1 1.9 2 2.2 3 2.4 4 1.9 5 3.0 5 1.0
083-1, F 1 1.9 1 1.9 4 4.8 6 0.6 6 0.9 6 0.9 NA NA
100–1, F 1 3.0 3 3.0 4 2.5 4 3.3 4 1.9 5 2.1 5 0.2
100–2, F 1 2.2 2 3.1 3 2.5 4 1.9 4 4.8 5 1.5 5 2.2
132, F 1 1.7 2 2.0 3 2.7 4 2.4 4 4.2 5 0.7 5 2.5
248, F 1 1.9 2 1.0 2 2.3 2 2.5 4 3.8 5 1.1 6 1.8
250–1, F 3 2.5 3 2.7 4 3.2 5 5.9 6 1.0 6 −0.3 6 0.4
250–2, F 3 1.9 3 1.9 4 5.6 5 2.4 5 1.7 6 1.0 6 1.9
251, F 2 1.9 2 1.6 2 2.0 4 2.6 4 5.5 4 0.8 4 1.5
251-1, F 1 1.5 2 1.9 4 1.7 4 4.8 5 2.1 5 2.5 6 1.5
275, F 1 2.1 1 2.1 4 2.0 5 3.9 6 1.7 6 0.4 NA NA
089-1, M 1 2.1 1 1.6 1 1.7 1 2.0 2 2.3 2 2.5 3 5.3
089-2, M 1 1.7 1 2.2 1 2.3 2 2.3 2 3.5 3 4.7 4 2.9
105-1, M 1 1.6 1 2.3 2 1.9 3 3.2 4 4.9 5 3.1 5 0.9
105-2, M 1 1.9 2 2.5 3 2.2 4 3.1 4 3.6 5 1.2 5 4.0
121–3, M 1 2.5 1 2.8 1 3.3 3 3.1 3 3.9 4 5.5 5 1.3
144, M 1 2.7 2 3.0 2 1.3 3 3.2 4 3.1 4 5.6 5 2.3
153, M 1 2.0 2 2.1 3 1.8 3 1.8 4 8.1 5 2.4 6 0.1
179, M 1 2.4 2 3.3 3 2.5 3 4.1 4 5.9 5 1.9 5 5.3
183-1, M 1 1.5 1 2.1 1 2.1 1 2.4 3 2.9 4 4.3 5 1.4
240, M 1 2.3 1 1.7 1 2.0 3 2.0 3 7.2 5 2.7 5 2.1
295, M 1 1.9 1 2.2 2 2.0 2 2.0 2 2.8 4 7.9 5 1.8
317-2, M 1 2.3 1 2.2 1 2.1 1 2.6 3 7.6 4 2.4 4 3.3

Burlington Growth Study
153, F 1 5.5 1 1.7 2 2.9 2 1.3 5 1.3 5 NA NA 1.6
163, F 1 1.0 2 1.5 2 1.5 2 4.5 3 1.3 4 NA NA 1.4
188, F 1 3.3 1 3.7 4 2.2 4 0.1 4 2.2 4 NA NA 1.8
198, F 1 2.2 1 2.3 1 2.9 1 1.6 1 0.8 3 NA NA 1.2
208, F 1 1.2 1 3.5 2 3.2 5 2.3 5 3.0 5 NA NA 2.0
316, F 1 4.3 2 1.8 3 5.2 4 0.2 4 0.2 5 NA NA 1.2
321, F 1 2.2 2 3.5 3 2.1 4 1.4 5 0.7 6 NA NA 2.6
391, F 1 2.9 2 1.9 3 3.7 4 1.6 4 2.2 4 NA NA 0.8
487, F 1 2.2 2 0.9 3 5.5 3 3.3 4 1.6 5 NA NA 2.4
595, F 1 4.5 3 1.6 3 1.4 4 0.5 4 2.9 5 NA NA 4.6
602, F 1 3.2 1 2.8 1 3.8 3 1.6 6 0.5 6 NA NA 3.2
619, F 1 3.1 1 3.0 1 4.5 3 4.1 4 1.4 5 NA NA 0.8
631, F 2 2.6 2 1.7 3 2.7 3 4.1 4 0.8 4 NA NA 3.4
855, F 1 1.7 1 2.3 1 3.5 2 0.2 3 0.6 4 NA NA 2.8
1391, F 1 −0.1 1 0.8 1 1.5 2 0.7 2 4.6 4 NA NA 3.8
135, M 1 1.7 1 2.7 1 3.0 2 0.3 3 6.1 3 NA NA 1.4
166, M 1 1.9 2 2.5 3 3.1 4 1.7 4 7.5 4 NA NA 4.8
183-2, M 1 1.0 1 3.0 1 1.7 2 0.8 2 2.4 2 NA NA 7.2
231, M 1 2.0 1 2.5 1 0.5 1 4.4 2 2.9 5 NA NA 4.0
289, M 1 1.9 1 1.1 1 2.9 1 1.3 2 4.2 2 NA NA 8.6
366, M 2 2.0 2 1.5 3 2.1 3 1.2 4 2.3 4 NA NA 6.0
392, M 1 3.9 1 1.5 1 1.5 2 0.7 2 4.5 2 NA NA 4.2
544, M 1 1.2 2 2.8 2 0.3 3 5.9 4 3.2 4 1.3 5 0.7
742, M 1 2.0 1 0.9 1 1.4 2 2.2 2 2.5 2 −0.1 2 0.7
763, M 1 0.4 1 1.8 1 1.5 1 3.1 2 6.0 4 NA NA 2.8
863, M 1 2.5 1 1.9 1 1.4 1 3.4 1 3.3 3 7.5* 5 1.3
871, M 1 4.0 2 0.4 2 4.5 2 1.5 4 3.3 5 3.9 5 1.9

CS, cervical vertebral maturation stage; F, female; M, male; NA, not available. In bold, maximum individual annual increments in Co–Gn.
aFor the Burlington Growth Study, bi-annual increments in Co-Gn (14–16 years interval) is reported instead of the annual increments (15–16 years interval) 

except for those cases where the 15 years recording was available. Part of this data was derived from previous investigations (13, 14).
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in contrast with original reports on the CVM method (2, 7) and 
in accordance with a previous investigation (10) on the Burlington 
Growth Sample. Other longitudinal investigations on the Bolton-
Brush growth Study sample (11) and on a European sample (25) 
reported a poor correlation of the CVM method with the mandibu-
lar growth peak. However, given significant differences in study 
designs, cephalometric recordings and data analysis, comparisons of 
the conclusions of the above studies should be undertaken with cau-
tion (1). For instance, skeletal Class II females, with an expected min-
imal mandibular growth peak, were analyzed (22), or maturation of 
the cervical vertebrae has been recorded with specific methods (3) 

noteworthy different than those being reported here. More import-
antly, and irrespective of the version of the CVM method, none of 
the previous longitudinal studies reported data on the diagnostic 
reliability.

Overall sensitivity for each of CVM stages 2, 3, and 4 was very 
low being no greater than 0.25 (CVM stage 4). Even considering 
the full 95 per cent CI, this parameter remains low for each of the 
investigated stages. On the contrary, the specificity ranged from 
0.80 to 0.87 for the CVM stages 2 and 3, respectively. However, 
when dealing with several possible clustering, an important diag-
nostic parameter is the PPV that gives an indication of the capability 

Figure 1. The mandibular growth peak defined as the greatest annualized increment in Co–Gn distance, by pooling the Oregon and Burlington Growth Study 
cases and according to the sexes. Data are presented as mean ± standard error.

Table 2. Diagnostic reliability of the cervical vertebral maturation stages 2–4 in the identification of the mandibular growth peak, as annual-
ized increment in Co–Gn distance according to each annual age interval from 9 to 16 years by pooling the Oregon and Burlington Growth 
Study cases. 

CVM stage/diagnostic 
parameter

Age intervals

Overall9–10 years 10–11 years 11–12 years 12–13 years 13–14 years
14–15 years/ 
14–16 years, a

CS2
 Sensitivity 0 0.25 (0–0.67) 0.10 (0–0.29) 0.13 (0–0.35) 0.27 (0.04–0.49) 0.20 (0–0.45) 0.16 (0–0.37)
 Specificity 0.94 (0.87–1.01) 0.61 (0.47–0.75) 0.75 (0.62–0.88) 0.74 (0.61–0.87) 0.83 (0.70–0.95) 0.93 (0.84–1) 0.80 (0.68–0.92)
 PPV 0 0.05 (0–0.15) 0.09 (0–0.26) 0.08 (0–0.24) 0.40 (0.10–0.70) 0.40 (0–0.83) 0.17 (0–0.39)
 NPV 0.96 (0.90–1) 0.90 (0.80–1) 0.77 (0.64–0.90) 0.82 (0.69–0.94) 0.73 (0.59–0.86) 0.82 (0.71–0.93) 0.83 (0.72–0.95)
 Accuracy 0.90 (0.82–0.98) 0.58 (0.44–0.72) 0.62 (0.49–0.75) 0.64 (0.51–0.77) 0.66 (0.53–0.79) 0.78 (0.67–0.89) 0.70 (0.58–0.82)
CS3
 Sensitivity 0 0 0.30 (0.02–0.58) 0.25 (0–0.55) 0.20 (0–0.40) 0.20 (0–0.45) 0.16 (0–0.36)
 Specificity 0.96 (0.9–1) 0.91 (0.84–0.99) 0.75 (0.62–0.88) 0.74 (0.61–0.87) 0.89 (0.78–0.99) 0.95 (0.88–1.02) 0.87 (0.77–0.96)
 PPV 0 0 0.23 (0–0.46) 0.15 (0–0.35) 0.43 (0.06–0.80) 0.50 (0.01–0.99) 0.22 (0–0.5)
 NPV 0.98 (0.94–1) 0.93 (0.86–1) 0.81 (0.68–0.94) 0.84 (0.72–0.96) 0.72 (0.59–0.85) 0.83 (0.72–0.94) 0.85 (0.75–0.96)
 Accuracy 0.94 (0.87–1) 0.86 (0.76–0.96) 0.66 (0.53–0.79) 0.66 (0.53–0.79) 0.68 (0.55–0.81) 0.80 (0.69–0.91) 0.76 (0.65–0.88)
CS4
 Sensitivity 0 0 0.22 (0–0.49) 0.25 (0–0.55) 0.53 (0.28–0.79) 0.50 (0.19–0.81) 0.25 (0.03–0.47)
 Specificity 1 1 0.88 (0.78–0.98) 0.76 (0.63–0.89) 0.63 (0.47–0.79) 0.73 (0.59–0.86) 0.83 (0.72–0.94)
 PPV — — 0.29 (0–0.62) 0.17 (0–0.38) 0.38 (0.17–0.59) 0.31 (0.09–0.54) 0.29 (0.05–0.52)
 NPV 0.98 (0.94–1) 0.94 (0.87–1) 0.84 (0.73–0.95) 0.84 (0.73–0.96) 0.76 (0.60–0.91) 0.85 (0.73–0.97) 0.87 (0.76–0.98)
 Accuracy 0.98 (0.94–1) 0.94 (0.87–1) 0.76 (0.64–0.88) 0.68 (0.55–0.81) 0.60 (0.46–0.74) 0.68 (0.55–0.81) 0.77 (0.66–0.88)
n. peak 2 3 10 8 15 12 50

Data are presented as mean (95% confidence interval) with n = 50 in each age interval (23 and 27 cases form the Oregon and Burlington Growth Study, respec-
tively). Bold values indicates the greatest of the series. NPV, negative predictive value. —, not derivable; PPV, positive predictive value.

a14–15 years interval and 14–16 years interval in the Oregon and Burlington Growth Study, respectively.
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of a given CVM stage in the identification of the mandibular growth 
peak (irrespective of the number of true negative cases belonging to 
the other stages). Herein, the overall PPVs were unsatisfactory with 
values not greater than 0.29 (CVM stage 4); on the contrary, the 
overall NPVs were high with values of at least 0.83 (CVM stage 4). 
This finding was due to the relatively large number of true negative 
cases in each annual age interval cluster. Therefore, irrespective of 
the CVM stage, misdiagnosis would mainly due to false positives 
consequent to the prolonged duration of the CVM stages 3 and 
4 (Table 1). According to this evidence, the lack of a satisfactorily 
diagnostic reliability would be due to false positives. Although man-
dibular growth peak would not occur exclusively between the CVM 
stages 3 and 4 (2, 7), the CVM stages 2, 3, and 4 may still be defined 
as circumpubertal (Table 1).

The overall diagnostic accuracy of the circumpubertal CVM 
stages 2, 3, and 4 was limited being no greater than 0.77 (CVM 
stage 4). Therefore, precise identification of the imminent mandib-
ular growth peak cannot rely on the CVM method alone. In the 
previous diagnostic study (13), the pooled CVM stages 3 and 4 in 
the identification of imminent mandibular growth peak, yielded a 
diagnostic accuracy ranging from 0.67 to 0.91 according to the dif-
ferent ages. Although a full comparison of these results is not feasi-
ble, the present evidence on diagnostic reliability is slightly worse as 
compared to that previously reported for the CVM method using 
the University of Michigan Growth Study sample (13). This may be 
explained by the concept that the sample used in the previous inves-
tigation was the same from which the CVM method was derived.

Recent meta-analyses (26, 27) on the supplementary mandibular 
elongation due to functional treatment in skeletal Class II patients, 
treated during the circumpubertal CVM stages 3 and 4, uncovered 
a clinically relevant effect as compared to matched untreated con-
trols. However, a large variability in the skeletal effects has also been 
reported (26, 27). Considering that herein more than half of the 
cases showed a mandibular growth peak during or after the appear-
ance of the CVM stages 3 and 4 (Table 1), the present results may 
explain, at least in part, the reported large variability. Accordingly, 
only a part of the patients included in those trials might have been 
treated during the occurrence of the mandibular growth peak.

Strength and limitations
In the present study, a full transparent analysis has been carried 
out with the reporting of the detailed case-by-case outcomes. The 
method used herein to assess the CVM code and corresponding 
CVM stage (15), although not identical, is very close to what has 
been previously reported (2).

A limitation might reside in the secular trend for both the onset 
of the pubertal growth peak (23) and maturation of the cervical ver-
tebrae (28), especially considering that the Oregon and Burlington 
Growth Studies obtained data about half a century ago. The use of 
annual recordings has an inherent error when a discrete staging sys-
tem is used. For the Burlington Growth Study sample, little approxi-
mation was necessary because of the lack of the 15 years recording.

Clinical implications

Diagnostic reliability of the circumpubertal CVM stages in the iden-
tification of imminent mandibular growth peak is not satisfactory. 
Unpredictable duration of the stages would further limit the clinical 
applicability of the method. This is especially the case when consid-
ering that lateral head films are usually available as a pre-treatment 

record and optimal treatment timing has to be delayed for an 
undetermined period after diagnosis. From a clinical standpoint, the 
CVM method may be helpful only when a lateral head film is indi-
cated for other reasons and in combination with other indicators to 
increase diagnostic reliability.

Conclusions

None of the CVM stages 2, 3, and 4 alone reached a satisfactory 
diagnostic reliability in the identification of imminent mandibular 
growth peak.
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