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Correlation of Skeletal Maturation Stages Determined by
Cervical Vertebrae and Hand-wrist Evaluations

Carlos Flores-Mira; Corr A. Burgessb; Mitchell Champneyc; Robert J. Jensend;
Micheal R. Pitchere; Paul W. Majorf

Abstract: The aim of this study was to assess the correlation between the Fishman maturation
prediction method (FMP) and the cervical vertebral maturation (CVM) method for skeletal matu-
ration stage determination. Hand-wrist and lateral cephalograms from 79 subjects (52 females
and 27 males) were used. Hand-wrist radiographs were analyzed using the FMP to determine
skeletal maturation level (advanced, average, or delayed) and stage (relative position of the in-
dividual in the pubertal growth curve). Cervical vertebrae (C2, C3, and C4) outlines obtained from
lateral cephalograms were analyzed using the CVM to determine skeletal maturation stage. In-
traexaminer reliability (Intraclass correlation coefficient [ICC]) for both methods was calculated
from 10 triplicate hand-wrist and lateral cephalograms from the same patients. An ICC coefficient
of 0.985 for FMP and an ICC of 0.889 for CVM were obtained. A Spearman correlation value of
0.72 (P , .001) was found between the skeletal maturation stages of both methods. When the
sample was subgrouped according to skeletal maturation level, the following correlation values
were found: for early mature adolescents 0.73, for average mature adolescents 0.70, and for late
mature adolescents 0.87. All these correlation values were statistically different from zero (P ,
.024). Correlation values between both skeletal maturation methods were moderately high. This
may be high enough to use either of the methods indistinctively for research purposes but not for
the assessment of individual patients. Skeletal level influences the correlation values and, there-
fore, it should be considered whenever possible. (Angle Orthod 2006;76:1–5.)
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INTRODUCTION

Optimal effectiveness in the use of orthodontic or
orthopedic appliances has been associated with skel-
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etal maturation. Functional appliances have been
shown to be more effective when used in the peak of
mandibular growth rather than earlier.1,2 However,
some authors have stated that because of the high
variability in mandibular growth, this association may
not be predictive enough for the individual patient.3,4

Skeletal maturation is generally determined by using
ossification stages of bones of the hand and wrist be-
cause of the availability of different types of bones in
the area.5–9 There are two general approaches to the
assessment of the hand-wrist radiograph. The first
method consists of comparing the patient’s hand-wrist
bone maturation to an atlas.7,9 The second method of
assessment uses specific indicators to relate skeletal
maturation to the pubertal growth curve. This ap-
proach focuses on the maturation evaluation of the in-
dividual rather than on mean values. Overall horizontal
and vertical facial growth velocity has been shown to
be related to skeletal maturity indicators determined by
analysis of hand-wrist radiographs. Skeletal maturity
analysis of hand-wrist radiographs for use in predicting
facial growth velocity should include bone staging as
well as ossification events.10
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Previous studies have shown that the progressive
enlargement of cervical vertebrae bodies is related to
human skeletal aging11–13 and vertical facial pat-
terns.14,15 In recent years, evaluation of cervical ver-
tebrae in lateral cephalograms has been increasingly
used to determine the skeletal maturation.16–19 The
early version of the cervical vertebral maturation meth-
od (CVM) was shown to be a valid tool to predict the
peak of mandibular growth20,21 and was associated
with mandibular morphological changes.22 The CVM
method, in the early or the improved version, has been
used to evaluate the clinical effectiveness at different
skeletal maturation stages of the Bionator,2 RME,23

Twin Block.1

Currently, the improved CVM method24 is the most
used cervical maturation evaluation method, whereas
the Fishman maturation prediction method (FMP)
seems to be the most appropriate method for skeletal
maturation evaluation.10 Although comparisons of skel-
etal maturation between different hand-wrist and cer-
vical vertebrae indicators have already been
made,25–31 no direct comparison between FMP32 (using
both skeletal stage an skeletal level) and the improved
CVM method24 were found in the literature.

A distinctive advantage of the cervical maturity eval-
uation is that it does not imply extra radiation exposure
for the patient. If hand-wrist and cervical maturation
methods were highly correlated, there would be no jus-
tification to take an extra hand-wrist radiograph for
skeletal maturation determination. The objective of this
study was to assess the correlation between FMP and
CVM methods for the determination of skeletal matu-
ration stage.

MATERIALS AND METHODS

Sample characteristics

This sample was previously used to evaluate lon-
gitudinal craniofacial morphology changes associated
with temporomandibular joint (TMJ) disk status.33 Only
79 subjects (52 females and 27 males) had hand-wrist
radiographs and lateral cephalogram of adequate
quality.

Variables

Hand-wrist radiographs were analyzed using the
FMP32 to determine skeletal maturation level (ad-
vanced, average, or delayed) and stage (relative po-
sition of the individual in the pubertal growth curve).
The hand-wrist radiographs were scanned at 300 dpi
and sent through e-mail to GrowthTek.34 The appro-
priate skeletal maturation stage and level was deter-
mined independently by a calibrated technician at the
Growth Tek Company (Skaneateles, NY) according to

the FMP. Previously, it was determined that under
these conditions, scanned hand-wrist radiographs
would be adequate for the evaluation purposes. Com-
plete details about FMP can be found elsewhere.32,34

Closed-mouth lateral cephalometric radiographs
were obtained for each subject with a Siemens OP 10
(Siemens, Bensheim, Germany) machine, with the
mandible stabilized by a polyvinylsiloxane habitual oc-
clusion bite registration. Outlines of the cervical ver-
tebrae (C2, C3, and C4) were evaluated by CF and
the appropriate skeletal maturation stage was deter-
mined according to CVM. Complete details of the CVM
can be found elsewhere.24

Efforts were made to make the research process as
blind as possible. The evaluators who completed mat-
uration prediction using CVM were blinded to the skel-
etal maturation stage determined by FMP and vice
versa. A statistician completed the statistical analysis
without specific knowledge of the coding of the matu-
rational stages.

Statistical analysis

A one-way random intraclass correlation coefficient
(ICC) was used to determine the reliability of the di-
agnosis for the FMP and the CVM. Assumptions of
normality were not fulfilled. Therefore, a nonparametric
Spearman correlation test was used to correlate the
skeletal maturation stage between both methods. The
correlation was also evaluated by grouping the sub-
jects according to their skeletal maturation level.

RESULTS

Error of method

Intraexaminer reliability (ICC) for both methods was
calculated from 10 triplicate hand-wrist and lateral
cephalograms from the same patients. An ICC coeffi-
cient of 0.985 (0.959 to 0.996; P , .001) was obtained
for FMP and an ICC of 0.889 (0.723 to 0.968; P ,
.001) was obtained for CVM.

Skeletal maturation stages

The distribution of the skeletal maturation stages for
the sample according to FMP and CVM are shown in
Tables 1 and 2.

Correlation values

A Spearman correlation value of 0.72 was found be-
tween the skeletal maturation stages of both methods.

When the skeletal maturation level according to
FMP was considered, the following correlation values
were found: for early mature adolescents 0.73, for av-
erage mature adolescents 0.70, and for late mature
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TABLE 1. Frequency of Individuals in Each Category According to
FMPa

Skeletal
Maturation Stage Individuals Percentage

1 10 12.7
2 1 1.3
3 4 5.1
4 10 12.7
5 4 5.1
6 8 10.1
7 11 13.9
8 8 10.1
9 9 11.4

10 14 17.7
11 6 7.6

Total 79 100.0

a FMP indicates Fishman maturation prediction method.

TABLE 2. Frequency of Individuals in Each Category According to
CVMa

Skeletal
Maturation Stage Individuals Percentage

1 19 24.1
2 17 21.5
3 11 13.9
4 25 31.6
5 7 8.9

Total 79 100.0

a CVM indicates Cervical Vertebral Maturation.

TABLE 3. Spearman’s Correlation Between the FMP and the CVM
According to Skeletal Maturation Level

Number of
School Children

R of
Spearman

Significance
(P Value)

Advanced 16 0.725 .001
Average 57 0.698 ,.001
Delayed 6 0.871 .024

TABLE 4. Correlation Values Between the Skeletal Maturation Determined From Hand-wrist Radiographs and Cervical Vertebrae Evaluation
From the Lateral Cephalometric Radiographs

Number of Subjects
(Males/Females)

Total R
(R Males/R Females)

Hand-wrist Skeletal
Maturation Method

Caltabiano et al30 72 (27/45) NS (0.450/0.564) Fishman’s SMI32

Chang et al31 503 (244/259) NS (0.973/0.970) Fishman’s SMI32

Garcia-Fernandez et al26 113 (50/63) NS (NS/NS)a Fishman’s SMI32

Kucukkeles et al27 180 (99/81) NS (NS/NS)b Fishman’s SMI32

Mito et al28 66 (0/66) NS (NA/0.869) TW29

San Roman et al29 958 (428/530) NS (0.69, 0.77, 0.79/0.79, 0.84, 0.85) Grave and Brown39

Zhang and Wang25 70 (28/42) NS (NS/NS) Presence of sesamoid

a Wilcoxon matched-pairs signed-ranks tests.
b Agreement formula.
NS Not significant

adolescents 0.87. All the values were statistically dif-
ferent from zero (P , .024), as shown in Table 3.

DISCUSSION

Because chronological age is not a valid predictor
of skeletal growth velocity or skeletal maturity,8,35–37

conventionally, hand-wrist radiographs have been
used to determine skeletal maturation. Validity of skel-
etal maturity assessment using the hand-wrist radio-
graph in relation to the standing height (body skeletal
growth velocity) has been well established for several
racial groups.37–40 Although Moore41 pointed out that
most of the bones of the body are preformed in carti-
lage and later developed by endochondral ossification,
the facial bones are formed by intramembranous os-
sification without cartilaginous precursors. Therefore,
growth of the face may be regulated by factors other
than those responsible for growth of the long bones.
Furthermore, the craniofacial structures include sev-
eral functional regions that may have different growth
responses to systemic and local environmental con-
ditions.

Recently, the use of cervical vertebrae maturation
has been suggested as a valid replacement to the
hand-wrist evaluation. The main advantage of the cer-
vical vertebrae maturation evaluation is that it can be
obtained from a conventional lateral cephalogram,
which would avoid an extra radiation exposure for the
patients.

The results of this study suggested that although the
correlation values between both methods were high
(0.72), they could only predict around 50% of the other
method’s skeletal maturation determination. Previous
research found that correlation values between skel-
etal maturation determined from hand-wrist radio-
graphs and cervical vertebrae evaluation were quite
variable (from 0.45 to 0.97) (Table 4). Differences be-
tween the results of this study and the reported com-
parison studies can be expected on the basis of the
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factors such as sample size, sex, or specific methods
used.

The size of the sample used in this study is com-
paratively small but presents a distinctive advantage
in that it analyzes for the first time the influence of
skeletal level (advanced, average, or delayed matu-
ration). Because the use of individual ossification
events is of limited use in predicting the pubertal
growth spurt, an analysis that includes maturation lev-
els as well as ossification events is recommended.10

Consideration of maturation level is significantly im-
portant for treatment timing. For example, during late
adolescence, advanced maturers express significantly
less growth velocity and incremental growth as com-
pared with average and especially delayed maturers
who continue growth for a longer period until adult-
hood. During the accelerating and high velocity peri-
ods of adolescence, advanced maturers express sig-
nificantly higher growth rates and express more
growth over shorter time periods. Therefore, the im-
portance of establishing the maturational age of an in-
dividual is to predict the remaining growth. Orthodontic
or surgical (or both) treatment success depends on
understanding this.42 Therefore, analysis approaches
such as the one described by Fishman,32,34 which are
based on relative growth velocity and percentage of
growth remaining, are more useful than analyses
which yield a ‘‘skeletal age.’’ Avoidance of a skeletal
age minimizes the influence of environment and racial
composition of the sample. In most cases, use of rel-
ative growth rate and percentage of growth remaining
will resolve sex differences.

The results of this study showed that skeletal level
has an influence on the amount of correlation between
skeletal maturation determined by different methods.
Therefore, future studies about skeletal maturation
should take this factor into consideration. A larger
sample size may be required to confirm the findings
of this study because the delayed matured group only
had six individuals in the present sample.

Although the use of FMP has distinct advantages10

over the other skeletal maturation determination meth-
ods, current stringent ethical criteria from the institu-
tional ethical boards make the use of hand-wrist skel-
etal maturation determination less feasible. Increased
radiation exposure is the main reason. Also, in some
retrospective research endeavors, the lack of hand-
wrist radiographs may also limit the applicability of ex-
isting data. Therefore, the use of cervical vertebrae
maturation determination appears to be a useful tool
in situations where there are no hand-wrist radio-
graphs available.

Even if in a clinical situation, an individual skeletal
maturation determination may be possible. Some au-
thors have stated that because of the high variability

in mandibular growth, this association may not be pre-
dictive enough for the individual patient.3,4 Therefore,
assessment of skeletal maturation may be valuable as
an orthodontic research tool (group not individual sub-
ject’s skeletal maturation), but it has limited predictive
use in the individual patient. Realizing the limitations
of either method for clinical practice, the reduced ra-
diation resulting from avoidance of an additional radio-
graph may justify the use of cervical maturation.

CONCLUSIONS

• Correlation values between FMP and CVM were
moderately high.

• Skeletal level influences the correlation values and
should be considered whenever possible.
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