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Introduction: The reliability of the cervical vertebral maturation (CVM) method has been questioned. The objec-
tive of this research was to evaluate the diagnostic reliability of the CVM method to diagnose the mandibular
growth spurt using longitudinal records from an alternative database (Iowa Facial Growth Study [IFGS]) using
established diagnostic testing methods. Methods: Cephalometric films from 43 subjects (males 5 20,
females 5 23) with Class I or Class II skeletal pattern from the IFGS were scanned, digitized, and adjusted
for magnification. At least 5 consecutive, annual films were digitized. For each subject, mandibular length
(Co-Gn) was measured for each film, and the growth increment between films was calculated. The largest
growth increment was the growth spurt. For each subject, the film displaying CVM stage 3 was identified by a
blinded examiner viewing the films in random order. Interrater and intrarater repeatability for Co-Gn
(intraclass correlation) and CVM staging (weighted kappa) were calculated. Diagnostic tests, including
sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) were
carried out. The present data were compared with data previously derived from samples of the University of
Michigan, Oregon, and Burlington Growth studies (UMGS, OGS, and BGS, respectively). A multilevel logistic
regression analysis was also run with the mandibular growth peak as the response variable. Results: Interrater
repeatability for mandibular measurements (intraclass correlation coefficient [ICC] 5 0.91) and CVM staging
(k5 0.88) were excellent. Intrarater repeatability for mandibular measurements (ICC5 0.98) and CVM staging
(kw5 0.55) were excellent to moderate. The UMGS data demonstrated higher sensitivity with comparable spec-
ificity. Accuracy was largely similar. Their PPV and NPV had larger ranges. The OGS and BGS data, compared
with the IFGS data, showed that our sensitivity and PPVs were higher, that their specificity was higher, and that
theNPV and accuracywere very similar. The regression analysis was applied to age groups 10-11 years through
13-14 years. Only chronological age was significant (P5 0.04). Conclusions: Agreement between CVM stage
3 and themaximummandibular growth spurt is inconsistent. The diagnostic capability of CVM for themandibular
growth spurt is questionable. (Am J Orthod Dentofacial Orthop 2019;156:626-32)
Orthodontic practitioners often use growth modi-
fication strategies for treatment of Class II skel-
etal malocclusion. Most studies have found

that these methods produce modest changes.1 Some
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recent data appear to document more robust, long-
term improvement in Class II skeletal correction when
the treatment coincides with peak mandibular and facial
growth.2 This concept has been supported by systematic
reviews and meta analyses,3,4 and, in these studies, the
authors used the cervical vertebral maturation (CVM)
method to predict the onset of pubertal growth spurts.

The repeatability of the provider to accurately stage
CVM has been investigated. Gabriel et al5 and Nestman
et al6 made the case that insufficient repeatability in
stage identification disqualifies CVM from being a clin-
ically useful diagnostic tool. Perinetti et al7 studied the
repeatability of the 6-stage CVM system with unbiased
raters, and they noted satisfactory statistical outcomes.
Ballrick et al8 concurred.

Another issue relates to the validity of the cervical
vertebral staging as it relates to peak mandibular growth.
Research has supported the use of CVM in determining
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skeletal maturation as comparable with hand-wrist film
analysis.9 A systematic review of the predictive ability of
the CVMmethod for determining the growth peak found
most research to have methodologic flaws.10 Assessing
CVM stage has been attempted using a variety of
means—qualitative, linear, morphometric, and mathe-
matic—leading to great variability in the types of data
collected and difficulty when comparing outcomes.

More recently, Gray et al11 concluded that quantita-
tive assessment of vertebral maturation stage could not
determine the peak in mandibular growth in the study of
records derived from the Burlington Growth Study. With
reasonable repeatability in mandibular length determi-
nation and good repeatability regarding CVM stage,
there was no significant association between peak
mandibular growth and vertebral maturation stage. Mel-
lion et al12 used subjects from the Bolton-Brush Growth
Study and compared multiple maturation indexes to
predict the onset and peak of mandibular growth.
Among hand-wrist, age, and vertebral stage as predic-
tors, CVM performed worst for predicting peak mandib-
ular growth.

Engel et al13 found poor results when regression
analysis was used to determine the ability of the CVM
method to predict the mandibular growth spurt,
although their sample was limited to Class II females.
The use of this particular demographic by Engel et al
was criticized because it was one in which an under-
standably smaller mandibular growth spurt would be
more difficult to detect.

Most orthodontic research suffers from small sample
size, and much of the current research regarding the reli-
ability of the CVM method suffers from the same short-
comings.11,14,15 The annual growth increment for the
peak of the mandibular spurt varies from 4.5 to 8 mm,
and the measurement of annual mandibular growth
during preadolescence is certainly less, approximately
1-3 mm.16,17 Statistical science theory cautions against
the overapplication of studies that interpret
observations based solely on P values, especially those
with small effect sizes.

Perinetti et al18 took a different approach to investi-
gating the relationship of CVM staging to mandibular
growth spurt. They proposed a novel diagnostic reli-
abilitymodel hinging on sensitivity, specificity, accuracy,
positive predictive value (PPV), and negative predictive
value (NPV). This approach focused on the CVM method
as a diagnostic tool. All tests were performed using data
from the same, previously quantified University of Mich-
igan Growth Study (UMGS) subjects used to describe the
CVM method. This study demonstrated “satisfactory
diagnostic reliability .when the mandibular growth
spurt was identified of the basis of the [mandibular
American Journal of Orthodontics and Dentofacial Orthoped
growth] increments.” Specifically, PPVs of 0.20-1 were
noted, with wide confidence intervals.

Later, Perinetti et al19 used the same approach to
further test the diagnostic reliability using an indepen-
dent sample from the Oregon and Burlington Growth
studies (OGS and BGS, respectively). The results of that
study suggested that, “none of the CVM stages 2, 3, or
4 alone reached satisfactory diagnostic reliability in the
identification of imminent mandibular growth peak.”

The objective of this study was to evaluate the ability
of CVM stage 3 (Cvs3) to diagnose the mandibular
growth spurt using independent longitudinal records
obtained from the Iowa Facial Growth Study (IFGS),20

and Perinetti et al's18 methodology for diagnostic reli-
ability testing. The IFGS data were used as a similar
and largely contemporaneous sample to the UMGS.
This should expand our understanding of the diagnostic
reliability of the cervical vertebral staging method using
another unrelated sample.

MATERIAL AND METHODS

Subjects

Lateral cephalometric films were obtained from the
IFGS. In brief, the IFGS contains anthropomorphic and
radiographic information collected annually for white
subjects from 1940 to 1960 in Iowa City, Iowa. Records
were collected beginning in early childhood and extend-
ing for some patients into adulthood. The IFGS files are
accessible through the AAO Foundation Craniofacial
Growth Legacy Collections20 and have a large total sam-
ple (n5 183) with good-quality films and key anatomic
structures that are largely unobstructed by cephalostat
components.

Inclusion criteria for the sample were subjects with
publicly available annual cephalometric films
(n5 100). Exclusion criteria included subjects displaying
unknown or Class III malocclusions (n 5 4), those
with\11 months or.13 months between annual films
(n 5 41), and subjects with orthodontic appliances
placed before the growth spurt (n 5 12). The final sam-
ple size for this study included 43 total subjects (20
males and 23 females). At least 5 annual films were digi-
tized for all subjects, with the longitudinal measurement
sequence beginning between 8 and 11 years and extend-
ing for some subjects to 16 years. Because these cepha-
lometric films were deidentified and publicly available,
the institutional review board determined the study
was exempt.

Data collection

For each subject, digital files of scanned films
from the IFGS were downloaded as .tiff files using
ics November 2019 � Vol 156 � Issue 5
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Firefox FTP software (Mountain View, Calif). Each
film was originally scanned at a known resolution
of dots per inch, which allowed control of magnifica-
tion specific to each subject. The films were subse-
quently loaded into Dolphin software (Chatsworth,
Calif). All films were digitized by the same examiner
(K.M.).

In keeping with the study by Perinetti et al18,
mandibular growth was assessed as total mandibular
length—defined by condylion (Co)-gnathion (Gn). The
specific location of the mandibular points is consistent
with previous studies.21 The Co is the most superior-
posterior point on the tip of the condyle; the Gn is the
midpoint between the anterior and inferior point on
the bony chin.

Growth increments between annual age intervals
for Co-Gn were calculated from the raw measures.
Because exclusion criteria allowed only films between
11 and 13 months, and subsequent subjects
demonstrated \1-month variability within the series,
no annualization was performed. The peak pubertal
growth for each subject was defined by the maximum
increase in total mandibular length between consecu-
tive films.

Subsequently, the initial Cvs3 for the series of films
for each subject was identified. The examiner (K.M.)
was blinded to the sex and age of the subject, and films
for each subject were shown in a random order. In keep-
ing with typical clinical practice, the entire film,
including soft tissue profile, jaws, and dentition, was dis-
played. All films were assigned a stage 3 or not. If mul-
tiple Cvs3 stages were noted, the earliest stage was used
to calculate the diagnostic reliability and all subsequent
stage 3 films were noted but not counted as a true pos-
itive. When stage 3 preceded the mandibular peak, the
conversion was tracked.

Cervical maturation stages were classified, as
described below, in keeping with methodology from pre-
vious studies.14,18 The classification relied on the
presence or absence of the lower border concavity of
CV 2, 3, and 4. This was common among the methods
of Gray et al,11 Mellion et al,12 Engel et al,13 and Peri-
netti al18,19 and avoided the use of vertebral shape,
which has been shown to be a source of additional
error.5,6

Stage 1 (Cvs1): The inferior borders of the bodies of
all (CV 2-4) are flat. The superior borders are tapered
from posterior to anterior.

Stage 2 (Cvs2): A concavity develops in the inferior
border of the second vertebra. The anterior vertical
height of the bodies increases.

Stage 3 (Cvs3): A concavity develops in the inferior
border of the third vertebra.
November 2019 � Vol 156 � Issue 5 American
Stage 4 (Cvs4): A concavity develops in the inferior
border of the fourth vertebra. Concavities in the lower
borders of the fifth and of the sixth vertebrae are
beginning to form. The bodies of all cervical vertebrae
are rectangular in shape.

Statistical analysis

Intrarater repeatability statistics for Co-Gn length
and Cvs3 selection were calculated after the same exam-
iner re-evaluated a randomly selected subset of 20 ra-
diographs 2 weeks later using intraclass correlation
and weighted kappa statistics, respectively. Interrater
repeatability for Co-Gn length and Cvs3 were assessed
by having an additional examiner evaluate the same
films (H.W.F.) using the same method and statistics.

Co-Gn was used as the gold standard for mandibular
growth spurt, and the diagnostic reliability tests were
completed for each age interval. The analysis for each
age interval determined the capability of the initial
Cvs3 to identify the mandibular growth spurt as
measured by Co-Gn. The overall sensitivity, specificity,
accuracy, PPV, and NPV were calculated for each age
interval by sex (because of known differences in matura-
tion rates) and for the group as a whole.

A multilevel logistic regression analysis, in which the
outcome variable was the presence or absence of the pu-
bertal growth spurt (measured as the maximum incre-
ment of Co-Gn), and the predictive variables were (1)
presence or absence of Cvs3, (2) sex, (3) chronological
age, and (4) interactions among these variables, was
also completed.

RESULTS

Intrarater diagnostic repeatability for Co-Gn (intra-
class correlation coefficient [ICC] 5 0.98, 0.93-0.99)
and CVM staging (kw 5 0.55, 0.26-0.84) was excellent
and moderate, respectively. Interrater diagnostic repeat-
ability for Co-Gn (ICC5 0.91, 0.71-0.97) and CVM stag-
ing (kw 5 0.88, 0.77-1) was generally excellent.22

All subjects: IFGS

Diagnostic reliability analysis results for all subjects
(n 5 43) are given in Table I, which shows results for
ages 9–15 years because age groups 8-9 years and 15-
16 years had numerous values that could not be calcu-
lated because of cell sizes. Sensitivity (0.25-1.0) and
specificity outcomes (0.65-1) were highly variable, with
the best sensitivity seen at the tails of the age spectrum,
where smaller sample sizes are noted. PPV was lowest
(#0.50) when the growth spurt prevalence was the
greatest. NPV was higher throughout the data set
(0.74-0.95).
Journal of Orthodontics and Dentofacial Orthopedics



Table I. IFGS diagnostic testing analysis values (95% confidence interval; lower-upper)

Diagnostic variables 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16
All subjects (N 5 43)
Sensitivity 0.33

(0.01-1)
1
(0.03-1)

0.25
(0.01-0.81)

0.69
(0.39-0.91)

0.31
(0.09-0.61)

1
(0.48-1)

1
(0.29-1)

*

Specificity 1
(0.29-1)

0.85
(0.65-0.96)

0.77
(0.61-0.89)

0.63
(0.44-0.80)

0.87
(0.69-0.96)

1
(0.90-1)

1
(0.88-1)

*

Accuracy 0.67
(0.22-0.96)

0.81
(0.62-0.94)

0.72
(0.56-0.85)

0.65
(0.49-0.79)

0.70
(0.54-0.83)

0.88
(0.74-0.96)

0.91
(0.75-0.98)

*

PPV 1
(0.03-1)

1
(0.40-1)

1
(0.00-0.45)

0.45
(0.23-0.68)

0.50
(0.16-0.84)

* * *

NPV 0.60
(0.15-0.95)

0.96
(0.78-1)

0.91
(0.76-0.98)

0.83
(0.61-0.95)

0.74
(0.57-0.88)

0.88
(0.74-0.96)

0.91
(0.75-0.98)

*

Peaks
(total films)

3
(6)

1
(27)

4
(43)

13
(43)

13
(43)

5
(41)

3
(32)

1
(9)

Females (n 5 23)
Sensitivity 0.50

(0.01-0.99)
1
(0.03-1)

0.33
(0.01-0.91)

0.67
(0.30-0.93)

1
(0.40-1)

1
(0.29-1)

* 1
(0.03-1)

Specificity 1
(0.29-1)

0.85
(0.55-0.98)

0.75
(0.51-0.91)

0.50
(0.23-0.77)

0.95
(0.74-1)

1
(0.81-1)

1
(0.79-1)

1
(0.48-1)

Accuracy 0.80
(0.28-0.99)

0.79
(0.49-0.95)

0.70
(0.47-0.87)

0.57
(0.34-0.77)

0.78
(0.56-0.93)

0.86
(0.64-0.97)

1
(0.79-1)

0.83
(0.36-1)

PPV 1
(0.03-1)

1
(0.16-1)

0.17
(0.00-0.64)

0.46
(0.19-0.75)

1
(0.03-1)

* * *

NPV 0.75
(0.19-0.99)

0.92
(0.62-1)

0.88
(0.64-0.99)

0.70
(0.35-0.93)

0.82
(0.60-0.95)

0.86
(0.64-0.97)

1
(0.79-1)

0.83
(0.36-1)

Peaks
(total films)

2
(5)

1
(14)

3
(23)

9
(23)

4
(23)

3
(21)

0
(16)

1
(6)

Males (n 5 20)
Sensitivity 1

(0.03-1)
* 1

(0.03-1)
0.75
(0.19-0.99)

0.44
(0.14-0.79)

1
(0.16-1)

1
(0.29-1)

*

Specificity * 0.85
(0.55-0.98)

0.79
(0.54-0.94)

0.75
(0.48-0.93)

0.73
(0.39-0.94)

1
(0.81-1)

1
(0.75-1)

1
(0.29-1)

Accuracy 1
(0.03-1)

0.85
(0.55-0.98)

0.75
(0.51-0.91)

0.75
(0.51-0.91)

0.60
(0.36-0.81)

0.90
(0.68-0.99)

0.81
(0.54-0.96)

1
(0.29-1)

PPV * 1
(0.16-1)

1
(0.40-1)

0.43
(0.10-0.82)

0.57
(0.18-0.90)

* * *

NPV 1
(0.03-1)

1
(0.72-1)

0.94
(0.70-1)

0.92
(0.64-1)

0.62
(0.32-0.86)

0.90
(0.68-0.99)

0.81
(0.54-0.96)

1
(0.29-1)

Peaks
(total films)

1
(1)

0
(13)

1
(20)

4
(20)

9
(20)

2
(20)

3
(16)

0
(3)

*Could not calculate.
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Females: IFGS

The female (n5 23) data tracked theAll Subject data
in most cells. Many small cell sizes yielded high values
and poor PPV, even in the age group with a high number
of peaks (11-12 years age group) (Table I).

Males: IFGS

For males (n 5 20), the trend was the same, but the
greatest number of growth spurts moved to the 12-
13 years age group. PPV was near the chance level
(Table I).

For each age group, the total number of measured
mandibular growth spurts are presented in Table I.
Most growth peaks were seen in the 11-12 years age
American Journal of Orthodontics and Dentofacial Orthoped
group for females, and the 12-13 years age group for
males. For 3 subjects, 1 female and 2 males, Cvs3 began
in 1 age stage and extended into the next when the
mandibular growth spurt occurred. Seventeen other
subjects converted from Cvs3 to Cvs4 or beyond before
the mandibular growth spurt (8 females and 9 males).

Logistic regression

A multilevel logistic regression analysis was
completed. Our initial analysis included all age groups.
However, when we attempted to assess potential inter-
actions, the model would not converge, most probably
because of low relative numbers in the age group ex-
tremes. Consequently, we restricted our analysis to the
ics November 2019 � Vol 156 � Issue 5



Table II. Results of the multilevel logistic regression
analysis

Effect
Num
DF

Den
DF Chi-square

Pr .
ChiSq

Type III test of fixed effects
CV 1 36 2.20 0.14
CAGE 1 120 4.25 0.04
CAGE 3 CV 1 120 3.03 0.08
Sex 1 40 1.01 0.32
CV 3 sex 1 36 0.02 0.90
CAGE 3 sex 1 20 0.93 0.34
CAGE 3 CV 3 sex 1 120 0.02 0.89

CAGE, chronological age; CV, cervical vertebra stage;DF, degrees of
freedom.

Table III. IFGS subject data set

Subject ID Sex*
Co-Gn peak

growth age group Cvs3 age group
6 M 1 14-15 12-13
13 M 1 10-11 12-13
15 F 0 11-12 11-12
22 F 0 11-12 12-13
33 F 0 15-16 11-12
33 M 1 11-12 11-12
34 F 0 12-13 11-12
39 F 0 12-13 11-12
32 F 0 10-11 11-12
40 F 0 11-12 11-12
40 M 1 13-14 11-12
43 F 0 13-14 10-11
44 F 0 8-9 9-10
45 F 0 8-9 8-9
46 F 0 11-12 10-11
50 F 0 11-12 11-12
52 F 0 11-12 11-12
50 M 1 13-14 10-11
57 M 1 13-14 10-11
51 M 1 14-15 12-13
53 M 1 12-13 12-13
56 M 1 12-13 11-12
59 F 0 11-12 10-11
60 F 0 12-13 11-12
61 F 0 10-11 10-11
62 F 0 9-10 10-11
63 M 1 11-12 10-11
64 M 1 12-13 9-10
65 M 1 14-15 9-10
66 F 0 13-14 11-12
66 M 1 12-13 12-13
67 M 1 12-13 10-11
69 M 1 12-13 12-13
70 F 0 11-12 11-12
72 F 0 11-12 11-12
73 M 1 12-13 12-13
74 M 1 12-13 11-12
76 F 0 10-11 11-12
75 M 1 11-12 11-12
79 M 1 11-12 11-12
78 F 0 12-13 9-10
82 M 1 12-13 11-12
83 M 1 8-9 10-11

*0 5 female; 1 5 male.
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following age groups: 10-11 years, 11-12 years, 12-
13 years, and 13-14 years. This analysis included 80%
of the available data. In this analysis, only chronological
age was significant (P 5 0.04) (Table II).

DISCUSSION

This study attempted to validate CVM diagnostic reli-
ability by replicating the Perinetti et al18 UMGS study on
a larger, comparable, and independent sample of pa-
tients (Table III). This seemed appropriate, given that
much treatment data have been generated based on
the small UMGS sample used to derive the original rela-
tionship between Cvs3 and Co-Gn growth. Studies using
other growth data sets, including the Burlington and
Bolton-Brush Growth collections, failed to detect clini-
cally useful interactions, but used different
methods.12,13

When our data for all subjects are compared with the
UMGS data,18 it is clear that their data demonstrate
higher sensitivity with comparable specificity. Accuracy
was largely similar. Their PPV and NPV had larger ranges,
but our values for these statistics were lower in the most
populous peak groups (11-12 years and 12-13 years age
groups) (Table I).

The present data for IFGS (Table III) were analyzed for
all subjects, but then also segmented into female-only
and male-only groupings. This was a logical decision
based on widely accepted differences in maturation
timing.23 Our sex-segmented data displayed expected
differences in timing for the onset of the growth peak
and small samples (Table I).

Perinetti et al19 found unsatisfactory diagnostic reli-
ability results using the CVM method to detect the
mandibular growth peak using data from the OGS and
BGS. The overall data set for Cvs3 shows that our sensi-
tivity (0.25-1.0) and PPV (0.45-1) were higher; their
specificity was higher (0.74-0.96); and the NPV and ac-
curacy were very similar. The usual dynamics of these
November 2019 � Vol 156 � Issue 5 American
types of results—high sensitivity and NPV along with
high specificity and high PPV—was absent in both
studies. This is most likely a reflection of the prevalence
of the growth spurts in the age groups.

In general, the PPV for Cvs3 predicting the mandib-
ular growth spurt measured by Co-Gn was highly vari-
able. The OGS and BGS data and the IFGS data
showed the PPV to be lower than 0.5 for the age groups
with the most growth spurts. This suggests that the
chance a positive Cvs3 resulted in a positive growth spurt
Journal of Orthodontics and Dentofacial Orthopedics
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was low. This type of result undermines a clinician's con-
fidence in the diagnostic test and would lead to early and
overtreatment of patients—most probably beginning
treatment before it was indicated. For instance, the
growth spurt would not be missed, but potential treat-
ment would be longer than necessary if begun at Cvs3
(3 subjects), or in another scenario, treatment could start
and end before the spurt (11 subjects, based on a treat-
ment period of less than 24 months).

It must be noted that the PPV is a combination of prev-
alence, sensitivity, and specificity, and it can be argued that
the low prevalence of Cvs3 throughout these studies influ-
enced the statistical outcomes.24 The prevalence of a
growth spurt in an age group was 0.08-0.29 in the
UMGS, 0.04-0.3 in the OGS, and 0.02-0.3 in the IFGS
data. These prevalence levels can make even strong sensi-
tivity and specificity values of greater than 0.8 (higher than
these studies) decline to below the chance level.24

Most positives are false positives for tests of Cvs3
with low prevalence. Small cell sizes provide misleading
results, often a value of 1 or return no result at all, de-
pending on the calculation. Given the small cell sizes
when the sexes were separated, it is tempting to combine
them. Even with the OGS and BGS and IFGS presenting
twice the sample size as the UMGS, the problem was still
present for several cells when all subjects were combined
(Table I).

Overall, for the IFGS data, accuracy ranged from 0.65
to 0.91; for females 0.57-1.0 and for males 0.6-1. The
overall UMGS data showed 0.67-1. For the OGS and
BGS data, it was 0.66-0.94. One might argue that the ac-
curacy component of diagnostic reliability testing is a
better gauge of the real diagnostic reliability when
compared with PPV or NPV. Fletcher et al24 noted accu-
racy is a summary term that is not appropriate to be use-
ful in most clinical situations because the component
information is lost.

These results, and those of the OGS and BGS, fail to
support a strong diagnostic reliability for the CVM
method uniformly for males, females, or total samples
in these age groups, when PPV and NPV should provide
the necessary guidance for a diagnostic method. Peri-
netti et al3,4 suggest that the large variability, and that
the peak mandibular growth spurt may occur well after
the Cvs3 stage (40% in the current study), may make
this diagnostic tool inadequate to be used alone for
growth assessment.

Logistic regression, which has been completed by
others, did not find a significant relationship or predic-
tive value for the cervical vertebral status with mandib-
ular peak growth. Chronological age was a better
predictor. This is consistent with several other find-
ings.11-13 Although there seems to be a positive
American Journal of Orthodontics and Dentofacial Orthoped
relationship between mandibular peak growth and age,
if one takes this literally and does not use other
available clinical growth information the growth peak
may be missed (our data show a steep decline for the
13-14 years age group used in our regression).
Noninvasive, conventional approaches to
supplementary clinical information to detect growth
status would include documented height changes,
weight changes, and secondary sex characteristics. One
could add a hand-wrist film.

The overall usefulness of the CVM method as shown
by the regression may be related to the ability to define
and identify the stages or that the CVM method may be
ineffective, as suggested by the diagnostic reliability re-
sults reported here and elsewhere.19,25 The problems
have been summarized as follows: identification of the
beginning of the growth spurt is difficult, and some
cervical vertebral stages last longer than the growth
spurt.25

Our repeatability was moderate for the cervical
vertebra staging and is a limitation of the study. This
is lower than some reported repeatability.8,18 This may
be a reflection of the exceptional cases (reported to be
approximately 13%)26 that make classification and
diagnostic reliability lower. Our method also reflected
non–computer-assisted determination of the cervical
stage similar to that used in clinical practice. Because
these data were generated from historic samples and
there are most likely differences because of secular
trends compared with data from today's youth, the in-
fluence on variability is uncertain. The generalizability
to today's youth should be viewed with caution for all
these samples.27

Overall, our findings from the diagnostic reliability
testing, regardless of grouping, produced less robust
support for the use of Cvs3 as a predictor for the
mandibular growth spurt than that of Perinetti et al18

UMGS data, especially in age groups where most growth
peaks were located. Our data appear to support the
general findings of the Perinetti et al19 OGS and BGS
data. Both of these studies used independent data
sets to test a method generated on a third data set
(UMGS). Given small differences in the methods, the re-
sults are markedly similar.

In view of these results, practitioners are advised to
use multiple methods, with their known shortcomings
to help inform growth modification timing.
CONCLUSIONS

Based on diagnostic reliability testing, the diagnostic
capability of CVM for diagnosing mandibular growth
spurt is questionable.
ics November 2019 � Vol 156 � Issue 5
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