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vertebral maturation and hand-wrist
skeletal maturation were significantly
related. A study in Italy by Franchi et al.
concurred that cervical vertebral
maturation is an appropriate method for
the appraisal of mandibular skeletal
maturity in individual patients on the
basis of a single cephalometric obser-
vation [36]. They concluded that the
accuracy of the cervical vertebral
method in the detection of the onset of
the pubertal spurt in mandibular growth
provides helpful indications for orth-
odontic treatment timing of patients
having mandibular deficiencies. The
accuracy of cervical vertebral matura-
tion in determining skeletal age during
the circum-pubertal period was found to
be valid and reliable in children of
Chinese ethnicity [37]. Minars M et al.
(2003) used repeated evaluations of 30
randomly selected, pretreatment lateral
cephalometric radiographs and found
the accuracy of determining skeletal
maturity and growth potential with
lateral cephalograms to be R=0.98
(highly accurate) [38].

Biological Age and Orthodontic
Intervention

In Australia, Grave et al. con-
structed velocity curves for stature and
mandibular growth for 47 boys and 27
girls, and plotted maturation events on
the curves [39]. For the majority of
children, peak velocity in mandibular
growth coincided with peak velocity in
stature increments. Particular radiologic
maturation events occurred consistently
before, during, or after the adolescent
growth spurt, contributing to a positive,
purposeful, and more confident
approach to the management of
orthodontic patients, particularly those
with a Class II malocclusion.

Kopecky GR et al. (1993) treated
41 patients with clinically diagnosed
Class II, Division I malocclusions with
midface prognathism using Kloehn-type
cervical headgear [40]. All cases
included longitudinal series both of
lateral cephalometric radiographs and
of hand-wrist films made before, during,
and after treatment. Skeletal and dental
changes were related to specific

                       Pre-Pubertal
(Note: Adductor sesamoid not ossified.)

                                   Post-Pubertal
(Note: Adductor sesamoid is ossified.)

Fig. 8: Comparison of hand-wrist
radiographs from pre-pubertal patient
having significant growth potential
(left), and of post-pubertal individual
with little growth potential (right).

Fig. 7: Details of epiphyseal “width,” “capping”
and “fusion” at phalynx base, and of ossifica-
tion of the adductor bone. These are key
indicators of skeletal age.
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maturational periods and compared
with their related chronologic age to
evaluate optimum timing for maximum
treatment response. This study found
timing of cervical headgear treatment
on the basis of skeletal maturation is
preferable to use of chronologic age.
The most favorable results were
demonstrated during maturational
periods associated with a high degree
of incremental growth velocity.

Baccetti et al. (2001) evaluated the
short-term and long-term treatment
effects of rapid maxillary expansion in
two groups of subjects treated with the
Haas appliance [41]. Treatment out-
comes were evaluated before and after
the peak in skeletal maturation, as
assessed by the cervical vertebral
maturation method, in a sample of 42
patients compared to a control sample
of 20 subjects. The group receiving
early treatment had not passed the
pubertal peak in skeletal growth when
treatment commenced, whereas the late
treatment subjects had (See Table 3).
Rapid maxillary expansion treatment
before the peak in skeletal growth
velocity was able to induce more
pronounced transverse craniofacial
changes at the skeletal level. Biological
age determination is important in
treatment planning effective rapid
palatal expansion.

Age and Identity
In Belgium, Van Erum et al. evalu-

ated 48 patients aged 2-32 years with
short stature of prenatal origin. They
observed tooth development and
craniofacial growth using panoramic
and cephalometric radiographs [42].
While craniofacial growth was closely
related to general growth and skeletal
age, dental maturation closely corre-
lated with chronologic age.

In the United States, an immigrant’s
age can be critical to his or her effort to
gain entry to and residence in the
country. Minors who enter the United
States illegally are, unlike adults, exempt
from immediate deportation. Minors are
permitted to remain in the United States
if they are granted political asylum or
“special immigrant juvenile status,”

Fig. 9: Schematic of maturation
sequence of third cervical vertebra
(C3) after Hassel & Farman34

TABLE 3: Cervical Vertebral Maturation
Schedule (after Hassel & Farman34)
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Fig. 10: Maturation sequence for
cervical vertebra (C2-4) used for
skeletal growth potential determina-
tion after Hassel & Farman34.

given when a child is the victim of
abuse or neglect. If denied asylum,
minors cannot be sent home until
relatives in their home country are
contacted. In the view of the
federal immigration authorities,
dental and bone radiographs are
one of the most reliable ways of
determining age [43]. Trager, a US
dentist with a dental office directly
above Customs and Immigration
at Kennedy Airport, NY, and
another office in LaGuardia, noted
that the eruption of third molars
and the fusion of bones in the
wrist usually signify that a person
is over 18 years of age [43].
Detainee’s challenges to this
means of age determination have
apparently been dismissed in
federal court [44]. Nevertheless,
there can be no precision in
correlation of biological (skeletal

or dental) age and the chronological
age that is so important in law. One can
only specify the likelihood of age given
a population sample, not the exact age
of a specific individual. Biological age is
important for dental treatment planning
and can be assessed with some utility
using dental, cephalometric and hand-
wrist radiographs. Precise chronological
age correlations can never be guaran-
teed. The most accurate determinant of
being over 18 years of age, however,
according to Friedrich et al. is the
presence of filled wisdom teeth. The
correlation was reported as being 100%
[44].

Concluding Remarks
The literature points to there being

close correlation between growth
potential and skeletal maturity as
demonstrated from morphological
evaluation of the cervical spine on

lateral cephalograms, or of the bones
of the hand and wrist. It is this skeletal
growth potential that is important for
orthodontic assessment. As the lateral
cephalogram is standard for orthodon-
tic assessment presently, evaluation of
the spine obviates an additional
radiograph being made of the hand
and wrist. Even when a thyroid shield
is worn by the patient, C3 is usually
included in the cephalogram.

There seems to be a closer
association between dental develop-
ment as viewed on a panoramic
radiograph and chronological age,
than between chronological age and
skeletal maturity. This is particularly the
case if ethnic variability is taken into
account. Nevertheless, population
standards are not precise when it
comes to evaluation of the individual.
Kjaer et al. found that while skeletal
maturation was delayed by more than
four years in four siblings with Seckel
syndrome, tooth maturity progressed
normally [45]. While there are many
local and systemic causes of delayed
and premature dental eruption, tooth
development is perhaps the best
radiographic indicator of chronological
age during childhood and adoles-
cence.

It may be necessary to make
adjustments over time to any reference
chart as it appears that the rate of
dental maturation might be accelerat-
ing. Nadler (1998) compared 1970 and
1990 Caucasian patient samples, age
8.5-14.5 years old, and demonstrated
dental age reductions of 1.2 years for
males and 1.5 years for females, giving
a combined mean reduction of 1.4
years [46]. Further, it has been estab-
lished that there is a variation of ± 15
months at the 95% confidence interval
using dental age to estimate chrono-
logical age among Chinese children
[47]. Perhaps like in aging horses, the
use of dental aging for humans is to
best be considered as being a
“respected imprecise science” [48].

Knowledge of the normal se-
quence and timing of dental eruption
provides useful information regarding
the selection of radiographic proce-

“ There seems to be a closer association between dental development as
viewed on a panoramic radiograph and chronological age, than between
chronological age and skeletal maturity.”
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 “ When there is a local cause of failed eruption, early intervention can save
much time, effort, cost, and discomfort with respect to the patient.”
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In The Recent Literature:
Implantology: Panoramic radiography
was proven to be equal to intraoral
radiography for the assessment of
peri-implant bone loss in the anterior
mandible.
Zechner W, Watzak G, Gahleitner A,
Busenlechner D, Tepper G, Watzek G.
Rotational panoramic versus intraoral
rectangular radiographs for evalua-
tion of peri-implant bone loss in the
anterior atrophic mandible. Int J Oral
Maxillofac Implants 2003;18:873-878.
[From the Department of Oral Surgery,
University of Vienna, Austria.]

In patients with atrophic mandibles,
elevation of the floor of the mouth often
prevents intraoral rectangular radiogra-
phy for longitudinal follow-up studies,
while extraoral techniques such as
panoramic radiographs have been
perceived to produce distorted views of
the interforaminal region. In this study,
intraoral and panoramic radiographs
were compared for their accuracy in
evaluating peri-implant bone loss. In a
recall program, 22 patients with 88
screw-type implants (44 MKII and 44
Frios) were followed. Interforaminal
marginal bone loss was evaluated by
panoramic radiography and by using
intraoral radiographs. In addition,
pocket depth, Periotest readings, and
bleeding on probing were recorded. For
statistical analysis, the Spearman
coefficient of correlation was used. The
effects on bone loss and clinical
variables were computed with a mixed
model and the Bland and Altman
method. Computed as least square
means, the mean difference between
panoramic radiographs (2.4 +/- 0.2 mm
for MKII implants and 1.6 +/- 0.2 mm for
Frios implants) and intraoral radio-
graphs (2.6 +/- 0.2 mm and 1.4 +/- 0.2
mm, respectively) was 0.2 mm (range,
0.1 to 0.8 mm). In this study, the  two
imaging techniques were comparable
clinically in terms of the precision with
which they could be used to measure
marginal bone loss. Hence, for highly
atrophic mandibles with unfavorable
imaging conditions, rotational pan-
oramic radiographs can be a useful
alternative to intraoral radiographs for
evaluating peri-implant bone loss.

Lateral cephalograms: Cervical
vertebral morphology can be used
to accurately assess skeletal
maturity.
San Roman P, Palma JC, Oteo MD,
Nevado E. Skeletal maturation
determined by cervical vertebrae
development. Eur J Orthod
2002;24:303-311. [From the Depart-
ment of Orthodontics, Complutense
University, Madrid, Spain.]

This study investigated the validity of
using cervical vertebral radiographic
assessment to predict skeletal
maturation. Left hand-wrist and lateral
cephalometric radiographs of 958
Spanish children from 5 to 18 years of
age were studied. The classification of
Grave and Brown was used to assess
skeletal maturation from the hand-
wrist radiograph. Cervical vertebrae
maturation was evaluated with lateral
cephalometric radiographs using the
stages described by Hassel and
Farman and by Lamparski. A new
method to evaluate the cervical
maturation by studying the changes in
the concavity of the lower border,
height, and shape of the vertebral
body was created. Correlation
coefficients were calculated to
establish the relationship between
skeletal maturation values obtained by
the three classifications of vertebral
and skeletal maturation measured at
the wrist. All correlation values
obtained were statistically significant
(p < 0.001). In the population investi-
gated, the new method was as
accurate as the Hassel and Farman
classification and superior to the
Lamparski classification.

Impacted third molars: An intimate
association between the tooth and
the inferior alveolar canal often
resulted in a darkening of the root of
the affected tooth when viewed with
panoramic radiography.
Bell GW. Use of dental panoramic
tomographs to predict the relation
between mandibular third molar
teeth and the inferior alveolar nerve.
Radiological and surgical findings,
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and clinical outcome. Br J Oral
Maxillofac Surg 2004;42:21-27. [From
the Oral and Maxillofacial Surgery,
Dumfries and Galloway Royal Infir-
mary, Dumfries, United Kingdom]

Preoperative radiological observations
from dental panoramic tomographs
were compared with surgical findings at
removal of third molars with respect to
relationship of the tooth to the inferior
alveolar nerve. One surgeon viewed the
radiographs of 219 patients and
recorded the radiological observations
of the mandibular third molar tooth and
the inferior alveolar nerve. The same
surgeon removed the teeth and made
detailed records of morphology of the
root and its relation to the inferior
alveolar nerve. Patients were reviewed
postoperatively. A total of 300 teeth
were removed and the neurovascular
bundle observed during surgery. The
roots were grooved or deflected due to
their proximity to the neurovascular
bundle in 12% of the cases (n=35).
There was an intimate relation between
the mandibular third molar tooth and the
inferior alveolar nerve in 51% of cases
when darkening of the root was
observed (n=12), but only in 11% of
cases (n=11) when there appeared to
be interuption of the radiopaque outline
of the inferior alveolar canal radio-
graphically.

Calcified stylohyoidal chain:
Stylohyoidal ossifications show age-
related increases in prevalence,
length, and topographical location in
panoramic radiographs.
Krennmair G, Piehslinger E. Variants
of ossification in the stylohyoid chain.
Cranio 2003;21:31-37. [From the
Dental Clinic, Department of Remov-
able and Fixed Prosthodontics,
University of Vienna, Austria]

This study evaluated the age-related
differences in the incidence, length, and
topographic location in ossifications of
the stylohyoid chain. Panoramic
radiographs of 420 patients (795
reviewed stylohyoid-chains), subdi-
vided into four age groups (< 20 y, 21-
40 y, 41-60 y, > 60 y) were examined for
the incidence, length, and topographic
location of stylohyoidal ossification. Two
hundred forty-five (30.8%) out of 795
stylohyoidal chains showed radiological
variabilities (elongation of the styloid
process or ossification of the stylohyoid
ligament). With increasing age, there
was an increase in prevalence and
length of stylohyoidal ossifications (p
<0.01). A significant linear correlation
between the length of the stylohyoidal
ossifications and age was only found in
the young age group (< 20 y., p <0.01).
There was also a higher prevalence of
isolated locations in the superior
stylohyoidal segment in this age group
(< 20 yrs). With increasing age, there
was a pronounced presence of ossifica-
tions in the middle and inferior stylohy-
oid segments and combinations of
ossified variabilities. Stylohyoidal
ossifications show age-related in-
creases in prevalence, length, and
topographical location.

Jaw fracture and third molar impac-
tion: This study did provide evidence
that patients with retained or im-
pacted third molars are significantly
more susceptible to angle fracture
than those without third molars.
Meisami T, Sojat A, Sandor GK,
Lawrence HP, Clokie CM. Impacted
third molars and risk of angle frac-
ture. Int J Oral Maxillofac Surg
2002;31:140-144. [From the Depart-
ment of Oral and Maxillofacial Sur-
gery, The University of Toronto Faculty
of Dentistry, Ontario, Canada.]

This investigation assessed the
influence of the presence, position,
and severity of impaction of the
mandibular third molars on the
incidence of mandibular angle
fractures. A retrospective cohort
study was designed for patients
presenting to the Division of Oral
and Maxillofacial Surgery, Toronto
General Hospital, Canada, for
treatment of mandibular fractures
from January 1995 through June
2000. The study sample comprised
413 mandibular fractures in 214
patients. Demographic data collected
included age, sex, mechanism of
injury, and number of mandibular
fractures. Independent variables
studied were the presence, position,
and severity of impaction of third
molars; the outcome variable was the
incidence of mandibular angle
fractures. Panoramic radiographs
and hospital records were used to
determine and classify these
variables. The incidence of angle
fractures was found to be signifi-
cantly higher in the male population
and was most commonly seen in the
third decade of life. Assault was the
most frequent causative factor. This
study did provide evidence that
patients with retained or impacted
third molars are significantly more
susceptible to angle fracture than
those without third molars. Patients
with third molars had a three times
increased risk of angle fractures
when compared to patients without
(p <0.001), and impaction of third
molars significantly increased the
incidence of mandibular angle
fractures (p <0.001). The severity and
angulation of third molar impactions
did not prove to be significantly
associated with angle fractures.




