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Effectiveness of the cervical vertebral maturation

method to predict postpeak circumpubertal
growth of craniofacial structures

Piotr Fudalej® and Anne-Marie Bollen®
Warsaw, Poland, and Seattle, Wash

Introduction: Our aim was to assess effectiveness of the cervical vertebral maturation (CVM) method to pre-
dict circumpubertal craniofacial growth in the postpeak period. Methods: The CVM stage was determined in
176 subjects (51 adolescent boys and 125 adolescent girls) on cephalograms taken at the end of treatment
(T2; mean ages, 15.75 years [boys] and 15.23 years [girls]) in subjects from the postretention database at
the University of Washington in Seattle. Craniofacial growth was evaluated from the following measurements
on cephalograms at T2 and end of follow-up (T3) (mean ages, 29.01 years [men] and 28.08 years [women]):
condylion to gnathion, condylion to gonion, gonion to gnathion, sella to gnathion, nasion to menton, anterior
nasal spine to menton, and sella to gonion. The change of each variable from T2 to T3 was assessed with
paired t tests. Parametric (t tests or analysis of variance [ANOVA]) or nonparametric (Mann-Whitney or Krus-
kal-Wallis) tests were used to detect intergroup differences. Results: One hundred eight subjects (35 boys, 73
girls) demonstrated CVM stage 3, 56 (16 boys, 40 girls) were in CVM stage 4, and 12 (all girls) were in CVM
stage 5 at T2. Intrasex comparisons showed that boys in CVM stages 3 and 4 could be differentiated regarding
changes of all variables. In the girls, only those in CVM stages 3 and 4 could be differentiated based on the
amount of changes of 2 measurements: condylion to gonion and sella to gonion. Intersex comparisons
showed that boys in CVM stage 3 had significantly more changes than girls (P <0.01). Boys in CVM stage
4 showed significant differences compared with girls in CVM stage 4 for only 2 variables (sella to gonion
and condylion to gonion; P <0.001 and P = 0.012, respectively). Conclusions: The CVM method was mod-
estly effective in determining the amount of postpeak circumpubertal craniofacial growth. (Am J Orthod

Dentofacial Orthop 2010;137:59-65)

ata from randomized, controlled clinical studies
Don Class II treatment suggested that skeletal ef-

fects with various protocols carried out in pre-
pubertal children are of minor importance in the
correction of Class II molar relationships.'™ However,
the frequently observed improvement of a profile during
treatment is directly related to the size or the position of
the mandible. Findings of the investigations that aimed
to elucidate this disparity implied that, when treatment
of Class II malocclusion starts just before the pubertal
growth spurt, skeletal effects are larger and lasting com-
pared with treatment completed before the circumpu-
bertal growth peak.*” Cozza et al® in their systematic
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review found that the amount of supplementary mandib-
ular growth appeared to be significantly larger if the
functional treatment was performed at the pubertal
peak in skeletal growth. Baccetti et al’ compared man-
dibular morphology in patients treated early vs late and
concluded that the optimal timing for Twin-block ther-
apy for a Class II disharmony was during or slightly
after the pubertal peak in growth velocity.

On the contrary, treatment of some orthodontic
problems necessitates little or no craniofacial growth.
A planned camouflage in Class III subjects will be
successful if facial growth is complete. If the mandible
outgrows the maxilla during treatment, achievement of
stable correction is questionable. In children with con-
genitally missing lateral incisors, an implant-based res-
toration is often the method of choice. Since implants
behave like ankylosed teeth,””® early implantation could
lead to submergence of the implant crown and cause an
esthetic disaster.” Coming of age is often recommended
as the suitable time to start treatment. Nevertheless,
chronologic age was shown to be poorly correlated
with development.'® Cessation of craniofacial growth
in early maturers is probably complete a few years
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earlier than in late maturers.'' Consequently, starting
treatment according to chronologic age irrespective of
the patient’s maturity is not always appropriate.

Among methods for assessment of craniofacial ma-
turity, the cervical vertebral maturation (CVM) method
has recently gained popularity because of its ease and
postulated accuracy.'>'* The most frequently used
modification of the CVM method'>'® was based on
the cephalometric analyses of longitudinal records of
9 boys and 15 girls.'"* Through discriminant analysis,
several CVM stages were established that were intended
to correspond to skeletal maturity and, hence, future fa-
cial growth. Although an objective of the CVM method
is to predict the peak velocity of growth, it should indi-
rectly point to how much postpeak growth change is ex-
pected. However, the small sample size used to devise
the CVM method and the lack of validation raise doubts
about its effectiveness, especially in the later stages of
development when growth tapers off.'* These reserva-
tions are supported by the findings of Baccetti et al,'®
who examined growth changes in a cross-sectional sam-
ple of 1091 Class III subjects and found that the CVM
method detected between-stage growth alterations
only in approximately 25% of the performed measure-
ments. Moreover, some children go through a prolonged
period of accelerated growth without a distinct growth
peak.'" It is unclear whether the CVM method can be
an effective predictor in these subjects.

Therefore, our aim in this study was to assess the
effectiveness of the CVM method to predict circumpu-
bertal craniofacial growth in the postpeak period.

MATERIAL AND METHODS

A sample from a study on incisor stability was used
in this investigation;'® 83.7% of the subjects from the
original sample comprising 301 subjects from the post-
retention collection in the Department of Orthodontics
at the University of Washington in Seattle had their
CVM status established. Only those with a CVM status
that met the following supplementary inclusion criteria
were chosen: good-quality lateral cephalograms made
at the end of orthodontic treatment (T2) and at least
10 years out of retention (T3), no orthognathic surgery,
and no additional orthodontic treatment between T2 and
T3. The enlargement factor of most cephalograms could
not be determined, so, to minimize the influence of en-
largement, only subjects with cephalograms taken at T2
and T3 in the same cephalostat were finally included.

The length of follow-up was calculated by subtract-
ing the T2 date from the T3 date. Patient information
and treatment history for all subjects were obtained
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Fig 1. Schematic representation of landmarks identified
and traced on the cervical vertebral body: LP, D, and LA,
the most posterior, deepest, and most anterior points on
the lower border of the body of C2, C3, or C4; UP and
UA, the most superior points of the posterior and ante-
rior borders of the body of C3 or C4; Conc, distance
from the line connecting and LA to D on the lower border
of C2, C3, or C4. Calculations: BAR, the ratio between
the length of the base (LP-LA) and the anterior height
(UA-LA) of the body of C3 or C4; and PAR, the ratio be-
tween the posterior (UP-LP) and anterior (UA-LA) heights
of the body of C3 or C4.

from the database. Age at the end of treatment and
sex were recorded.

Lateral cephalograms taken at T2 were used to de-
termine the CVM stage. The assignment of the CVM
stages is described elsewhere.'® To summarize, on
each cephalogram, the second, third, and fourth cervical
vertebrae (C2, C3, and C4) were identified. The land-
marks and measurements we used are presented in
Figure 1. The CVM stages are shown in Table I.

Craniofacial growth was evaluated on lateral cepha-
lograms taken at T2 and T3. The landmarks identified
and the measurements made according to the study
that described the CVM method are given in Figure 2.'*

Statistical analysis

Descriptive statistics (means and standard deviations)
were computed for age and length of follow-up in each
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Table I. Classifications of CVM stages according to the
shape of the bodies of C2, C3, and C4

CVM stage Vertebral body shape

1 C3 and C4 flat

2 C3 concavity =1 mm; C4 flat

3 C2, C3, and C4 concavity =1 mm; C3 and/or C4
tapered or horizontal rectangular

4 C3 and/or C4 square; if C3 or C4 are not square,
then horizontal rectangular

5 C3 and/or C4 vertical rectangular

Flat: concavity <1 mm.

Tapered: C3 UP-C3 LP (or C4 UP-C4 LP) to C3 UA-C3 LA (or C4
UA-C4 LA) ratio (PAR) >1.20.

Square: C3 UP-C3 LP (or C4 UP-C4 LP) to C3 UA-C3 LA (or C4 UA-
C4 LA) ratio (PAR) of 0.80-1.20; C3 LA-C3 LP (or C4 LA-C4 LP) to
C3 UA-C3 LA (or C4 UA-C4 LA) ratio (BAR) of 0.85-1.15.
Horizontal rectangular: C3 LA-C3 LP (or C4 LA-C4 LP) to C3 UA-
C3 LA (or C4 UA-C4 LA) ratio (BAR) >1.15.

Vertical rectangular: C3 LA-C3 LP (or C4 LA-C4 LP) to C3 UA-C3
LA (or C4 UA-C4 LA) ratio (BAR) <0.85.

CVM group. For the craniofacial measurements, means,
standard deviations, and 95% confidence intervals were
calculated.

Paired ¢ tests were used to assess craniofacial growth
in each group. Shapiro-Wilks tests were used to evaluate
normality of distribution in each group. In case of normal
distribution, independent ¢ tests or analysis of variance
(ANOVA) were run. If distribution was not normal, non-
parametric tests, Mann-Whitney for 2-group compari-
sons or Kruskal-Wallis for 3-group comparisons, were
carried out. The Dunn multiple comparison procedure
with the Bonferroni adjustment was used for intergroup
differences.

At P <0.05, the difference was considered signifi-
cant. At P <0.1, the difference was considered margin-
ally significant.

The reproducibility of the measurements was as-
sessed by statistically analyzing the difference between
double measurements taken 1 week apart on 25 cepha-
lograms selected at random. The error of the method
was calculated from the equation:

Sy = \/—ZDZ
X 2N

with D representing the difference between the corre-
sponding first and second measurements and N the
number of double determinations.

Intraobserver agreement for the CVM stage assign-
ment was calculated as the Pearson correlation coeffi-
cient and proportionally weighted kappa coefficient
based on 2 assignment sessions a week apart.
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Fig 2. Craniofacial measurements: 7, mandibular length
(Co-Gn); 2, posterior ramus height (Co-Go); 3, mandi-
bular body length (Go-Gn); 4, sella to gnathion distance
(S-Gn); 5, anterior facial height (N-Me); 6, lower anterior
facial height (ANS-Me); 7, posterior facial height (S-Go).
Gonion (Go) is located at the intersection of the mandib-
ular (MP) and ramus (RP) planes.

RESULTS

A total of 252 subjects were initially identified; 61
were excluded for lack of good-quality cephalograms
taken in the same cephalostat at T2 and T3, and 15 of
the remaining 191 subjects were in CVM stages 1 and
2 (7 and 8 children, respectively), indicating prepubertal
development, and were excluded. The final sample in-
cluded 176 subjects: 29% male and 71% female. The
sample characteristics are presented in Table II.

Boys in the CVM stage 3 group were older than the
girls in the same stage at the beginning of follow-up by
0.72 years; the difference was significant (P = 0.017).
No intersex difference was found regarding age in the
CVM stage 4 group (P = 0.412).

Age at the start of follow-up was similar in boys in
CVM stages 3 and 4 (P = 0.589). Analogous compari-
sons in girls showed difference between CVM stages 3
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Table Il. Age at the beginning and length of follow-up in groups in various CVM stages

Males Females Males + females

Follow-up Follow-up Follow-up

Age (y) length (y) Age (y) length (y) Age (y) length (y)
CVM stage n Mean SD Mean SD n Mean SD Mean SD n Mean SD Mean SD
3 35 1568 129 1331 4.60 73 14.96 1.52 1292 4.06 108 Not pooled* 13.05 423
4 16 1592 107 1231 529 40 15.62 1.25 12.73  2.99 56 15.71 120 1260 3.76
5 0 - - - - 12 15.55 1.20 12.83 428 12 15.55 1.20 1283 4.28

51 P =0.589 P =0.924 125 P =0.016" P =10.970 176 P =0.99

*Ages for boys and girls in CVM stage 3 were significantly different (P = 0.017); "Dunn multiple comparison tests with the Bonferroni adjustment
showed statistically significant differences in age between the CVM stages 3 vs 4 groups.

Table lll. Error of measurements

Variable Error Variable Error
Co-Gn 1.40 C2 Conc 0.33
Co-Go 2.14 C3 Conc 0.30
Go-Gn 0.52 C4 Conc 0.28
S-Gn 0.67 C3 PAR 0.05
N-Me 0.69 C3 BAR 0.07
ANS-Me 0.74 C4 PAR 0.09
S-Go 0.71 C4 BAR 0.07

Conc, distance from the line connecting and LA to D on the lower bor-
der of C2, C3, or C4. Calculations: BAR, the ratio between the length of
the base (LP-LA) and the anterior height (UA-LA) of the body of C3 or
C4; PAR, the ratio between the posterior (UP-LP) and anterior (UA-
LA) heights of the body of C3 or C4.

and 4 (P = 0.016). No differences between the CVM
stages 3 and 5 groups, and the CVM stages 4 and 5
groups were found.

The length of follow-up in the various CVM groups
did not differ in the sexes (P = 0.924 and 0.970, respec-
tively) and approximated 13.0 years.

Error of the method is shown in Table III. For most
variables, errors did not exceed 0.75 mm. Condylion to
gonion and condylion to gnathion had errors in excess of
1 mm (2.14 and 1.40 mm, respectively).

The Pearson correlation coefficient between the first
and second assignments of CVM stages in 25 subjects
was 0.67 (95% CI = 0.39-0.84; r* = 0.45), and the
weighted kappa coefficient was 0.55.

During follow-up, most variables showed signifi-
cant changes at P <0.01 (Table IV). However, mandib-
ular length (Co-Gn) increased in the male CVM stage 4
group by 2.25 mm (P = 0.015), and 2 variables, anterior
facial height (N-Me) and lower anterior facial height
(ANS-Me) in males in CVM stage 4, had marginally
significant differences (P = 0.096 and 0.060, respec-
tively). All measured structures in females showed sta-
tistically significant changes (P <0.01) during the
follow-up.

Comparison between males in various CVM stages
showed that craniofacial structures in the CVM stage
3 group grew significantly more than in the CVM stage
4 group. Length of the mandible (Co-Gn) increased by
5 mm more in the CVM stage 3 compared with the
CVM stage 4 group (P <0.001). Also, posterior ramus
height (Co-Go), sella-gnathion distance, and posterior
facial height (S-Go) increased in the CVM stage 3
boys by more than 4 mm than in the CVM stage 4 group
(P <0.01). The least difference between male groups—
1.7 mm—was observed for lower anterior facial height
(ANS-Me) (P = 0.038).

Females in various CVM stages demonstrated only
a few significant differences. Although most craniofa-
cial variables increased more in the CVM stage 3 than
in the CVM stage 4 or 5 group, the only statistically sig-
nificant differences between the CVM stages 3 and 4
groups were posterior ramus height (Co-Go) and poste-
rior facial height (S-Go) (P = 0.016 and 0.021, respec-
tively). No difference was found between females in the
CVM stage 3 vs 5, or CVM stage 4 vs 5.

When males and females in the same CVM stage
were compared, a few significant distinctions were
found (Table V). All measured craniofacial structures
in boys from the CVM stage 3 group increased at least
twice as much as in the girls in the same CVM stage
(P = 0.002 for lower anterior facial height [ANS-Me]
and P <0.001 for the remaining variables). Fewer differ-
ences were observed between the CVM stage 4 boys and
girls. Only posterior ramus height (Co-Go) and posterior
facial height (S-Go) differed significantly between the
sexes (P = 0.012 and <0.001, respectively).

DISCUSSION

The observation that cervical vertebrae undergo
consistent morphologic changes during growth led to
the development of a method relating the vertebral alter-
ations to craniofacial growth. Originally, the CVM
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Table IV. Intrasex comparisons of the variables during follow-up in subjects in various CVM stages

Co-Gn Co-Go Go-Gn S-Gn
CVM stage  Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI
Males 3 726 6.02 5.19-932 7.89 489 6.21-956 454 385 3.22-5.87 734 548 5.46-9.27
4 2.25 3.30  0.49-4.01 3.75 2.67 2.33-5.17 2.38 2,13 1.24-351 294 347 1.09-4.79
P <0.001 P = 0.003 P =0.041 P = 0.005
Females 3 316 291 2.49-3.84 3.08 2.60 2.48-3.69 2.26 228 173279 273 239  2.17-3.28
4 1.85 276  0.97-2.73 1.60 284 0.69-2.51 1.78 1.62  1.26-2.29 1.65 1.75  1.09-2.21
5 3.00 270 1.29-4.71 3.08 312  1.10-5.06  2.08 1.38  1.21-296 242 243 0.87-3.96
P =0.063 P =10.016;3vs 4 P =0.530 P = 0.057
N-Me ANS-Me S-Go
CVM stage Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI
Males 3 4.77 4.15 3.35-6.20 2.51 2.98 1.49-3.54 8.48 4.74 6.83-10.09
4 1.25 2.82 -0.25-2.75 0.81 1.60 -0.04-1.67 4.38 2.92 2.82-5.93
P =0.003 P =0.038 P =0.002
Females 3 241 2.60 1.80-3.02 1.07 1.81 0.65-1.49 2.84 2.38 2.28-3.39
4 1.90 1.97 1.27-2.53 1.08 1.53 0.59-1.56 1.55 1.87 0.30-0.95
5 2.50 2.20 1.11-3.89 2.17 2.33 0.69-3.65 2.50 2.68 0.80-4.20
P =0.503 P=0.174 P =0.021;3vs 4

Follow-up was the time from T2 (end-of-treatment records) to T3 (long-term out-of-retention records).

Table V. Intersex comparison of the measured variables during follow-up

CVM stage Co-Gn Co-Go Go-Gn S-Gn N-Me ANS-Me S-Go

3 Male 7.26 7.89 4.54 7.34 4.77 2.51 8.46
Female 3.16 3.08 2.26 2.73 2.41 1.07 2.84
Difference (male — female) 4.10% 481 2.28* 4.61* 2.36 1.447 5.62*
P 0.000 0.000 0.000 0.000 0.000 0.002 0.000

4 Male 2.25 3.75 2.38 2.94 1.25 0.81 4.38
Female 1.85 1.60 1.78 1.65 1.90 1.08 1.55
Difference (male — female) 0.40 2.15% 0.60 1.29 -0.65 -0.27 2.83%
P 0.645 0.012 0.259 0.070 0.331 0.569 0.000

Follow-up was the time from T2 (end-of-treatment records) to T3 (long-term out-of-retention records).

*Statistically significant at P = 0.05; P = 0.01; *P = 0.001.

method distinguished 6 stages that corresponded to dif-
ferent developmental phases. A recent modification lim-
ited the number of stages to 5: from CVM stage 1
indicating that a peak of craniofacial growth will occur
not earlier than 1 year after this stage, to CVM stage 5
indicating that a growth spurt occurred at least 2 years
before this stage.”’ A growth peak, according to this
method, should occur between the second and third
stages in 95% of adolescents. Hassel and Farman'?
stated that 65% to 85% of adolescent growth is expected
in a child in CVM stage 1, as opposed to 5% to 10% of
growth in a stage 4 person. A person in CVM stage 5
should demonstrate little to no craniofacial growth.
Our findings suggest that the CVM method is only
modestly effective in discriminating between subjects
with various amounts of circumpubertal craniofacial
growth in the later stages of development. Although

a focus of the CVM method is prediction of the pubertal
growth peak, the assumption that adolescents at a more
advanced CVM stage will grow less seems to be valid.
However, the CVM method could differentiate between
boys in only CVM stages 3 and 4 of development. The
detection ability of the CVM method in girls was much
poorer. Of the 7 craniofacial variables measured, only 2
(posterior ramus height and posterior facial height) were
discriminating for girls between CVM stages 3 and 4,
and the levels of statistical significance (P = 0.016
and 0.021, respectively) were not high. Moreover, the
CVM stages 4 and 5 did not predict different amounts
of craniofacial growth. These findings generally agree
with the results of Franchi et al,'* who reported average
changes of craniofacial structures during transition from
lower to higher CVM stages. Mandibular length (Co-
Gn) increased accordingly from CVM stages 4 to 5
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(equivalent to passage from CVM stages 3 to 4 in this
study, since they used the CVM stages 1 to 6 scale) by
about 2.9 mm in a pooled sample of 9 boys and 15 girls
(P <0.05). Elongation amounts of the mandible (Co-
Gn) in males and females between the corresponding
stages in our study were 5.01 and 1.31 mm, respectively,
and the change was statistically significant only in
males. The disparity of absolute values of mandibular
length increase between our findings and those of Fran-
chi et al'* most likely results from a longer observation
period in this investigation: 13.1 years rather than about
1.5 years. Also, pooling the data for both sexes might
have influenced the results.

Intersex comparisons demonstrated significant dif-
ferences regarding all measured parameters solely in
CVM stage 3. Mandibular length (Co-Gn), as well as
other variables, increased at least twice as much in
males than females during follow-up. In CVM stage 4,
2 variables—posterior ramus height (Co-Go) and poste-
rior facial height (S-Go)—increased significantly more
in male subjects compared with females. These findings
suggest that the data of the sexes should not be com-
bined when the aim is to present mean changes of par-
ticular variables over time. Perhaps, if the data for
males and females had been separated by Franchi
et al,'* a statistically significant change of mandibular
length between CVM stages 3 and 4 would have been
found only for boys.

Surprisingly, chronologic ages in the CVM stages 3,
4, and 5 groups were similar and equaled about 15 years
for both sexes. Only girls in CVM stage 3 and 4 showed
a significant difference of approximately 7 months. This
similarity can be explained by large variations in chrono-
logic ages for each CVM stage. Possibly, more subjects
in the groups would allow detection of more differences.
Our results partially confirm the findings of Hassel and
Farman,13 who attempted to correlate 2 methods of as-
sessment of skeletal maturity: the hand-wrist evalua-
tion?' and the CVM. They indirectly reported the ages
of boys in CVM stages 3 and 4 to be 14.8 and 15.8 years,
respectively. Girls in the analogous CVM stages, how-
ever, were approximately 1.3 to 2 years younger when
compared with our group. The disagreement between
the findings of Hassel and Farman and ours might be be-
cause they did not give directly the age of the subject
with the same CVM stage, but reported what stage of
the skeletal maturity index of Fishman®' corresponded
to the appropriate CVM stage. Thus, the subjects’ ages
might be only indirectly obtained from Fishman’s study.
Howeyver, correlation between the CVM and the skeletal
maturity index methods, although high (r* = 0.89), was
not perfect. Subjects in CVM stages 3 and 4 in the sam-
ples of Franchi et al'* and Baccetti et al** were 2 to 3
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years younger than were our subjects. The possible ex-
planation for the disagreement is the small sample sizes
in those studies, especially when the distinctiveness of
the sexes is considered.

The difficulty in assigning CVM stage 3, 4, or 5 to
a subject might also explain the lack of substantial dif-
ferences in age at the postpeak CVM stages. CVM
stages 1 and 2 are not difficult to distinguish, since an
easily recognizable concavity at the lower border of
C2 or C3 differentiates them from more advanced
stages. As Baccetti et al*® recommended, CVM stage
3 is recognized when “concavities at the lower borders
of C2, C3, and C4 are present, and the bodies of both C3
and C4 are rectangular horizontal in shape.” In case of
conflict between the CVM staging assumptions—eg,
lack of concavity at the base of C4 and the rectangular
horizontal shape of C3 and C4 in some subjects in our
sample—assigning the CVM stage is problematic. Sim-
ilarly, CVM stage 4 should be characterized by the
square shape of at least 1 body of C3 and C4. If not
square, the body of the other cervical vertebra still ought
to be rectangular horizontal.*® By definition, a square
shape is equal length and height of the vertebral body.
The application of such a strict criterion does not
seem right for at least 2 reasons: error of the method
should be considered, and positional changes of the cer-
vical vertebral column are possible during cephalomet-
ric x-ray exposure. Instead, an arbitrarily set border of
what is considered square must be applied. So, the dif-
ference between horizontally rectangular, square, and
vertically rectangular depend on the researcher’s arbi-
trary decisions.

Ideally, to assess the ability of the CVM method to
detect craniofacial growth alterations in CVM stages 3
through 5, the longitudinal records taken annually until
the age of 18 to 20 on large samples of both sexes should
be evaluated. The availability of such records is limited.
Baccetti et al*” found only 18 boys and 12 girls with
records 3 years before and 3 years after the pubertal
growth peak of the 706 subjects with records at the
University of Michigan. Hassel and Farman'? and San
Roman et al*? used cross-sectional samples. We attemp-
ted to use longitudinal posttreatment lateral headfilms to
find an association between craniofacial growth and
CVM stage. A weakness of this mixed longitudinal study
design is the unknown amount of late postadolescent
growth. According to many investigations, late growth
changes, however, are small.>>*’ To additionally restrict
the influence of late growth alterations, groups with var-
ious CVM stages had similar follow-up times.

When craniofacial growth is assessed on the postor-
thodontic sample, the influence of posttreatment re-
bound is difficult to measure. Driscoll-Gilliland et al*®
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attempted to examine the difference between craniofa-
cial growth in untreated and treated subjects. They eval-
uated craniofacial growth in untreated (ages, 14.3-23.2
years) and treated subjects (ages, 15.2-28.9 years) and
found that facial growth continued during follow-up.
They demonstrated that both skeletal and dental changes
were similar in both groups, and the few statistically sig-
nificant differences between groups were small.

A possible shortcoming of this study was that en-
largement of each cephalogram could not be entirely
controlled. Visual inspection and subsequent exclusion
of the images taken in different cephalostats were prob-
ably only partially effective. Also, including subjects
with various malocclusions might have affected the
results.

CONCLUSIONS

1. The CVM method was only modestly effective in
detecting the amount of postpeak circumpubertal
craniofacial growth.

2. The CVM method discriminated only CVM stage 3
from CVM stage 4 in boys for all measured variables.

3. The ages of the boys and girls in various CVM
stages were about 15 years and 1 to 2 years older
than the ages reported in other studies.
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