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Resumen

Objetivos: Los objetivos de este trabajo fueron comparar la maduracion 6sea de
vértebras cervicales y de mufieca, analizar los diferentes métodos diagnosticos
utilizados asi como las estructuras anatémicas recientemente estudiadas que
puedan proporcionar informacién de maduracion 6sea y por ultimo, determinar
cual de los métodos de maduracion 6sea a través de las radiografias de

vértebras cervicales es el mas utilizado.

Metodologia: Busqueda en bases de datos como Pubmed y Medline para
conseguir articulos cientificos, casos clinicos y estudios observacionales de los

ultimos 5 afios.

Conclusiones: Se analizaron diferentes articulos, estudios e investigaciones
actualizados, los cuales mostraron que el método de radiografia de vértebras
cervicales tiene la misma similitud de resultados que el método de radiografia de
mufieca, teniendo caracteristicas mas favorables el método de radiografia de
vértebras cervicales; los métodos diagndsticos utilizados en la actualidad como
la tomografia computarizada (TC) y la resonancia magnética (RM) siguen
necesitando de investigacion y un método especifico para cada uno de ellos. Las
estructuras anatomicas estudiadas como rodilla, clavicula, cresta iliaca y cabeza
del fémur tienen pocos estudios, pero estos han demostrado que, pese a la poca
informacion, estas estructuras pueden llegar a ser un buen diagnéstico
complementario a las radiografias de mufieca y de vértebras cervicales. Los
métodos radiograficos de vértebras cervicales mostraron una diferencia entre

ellos, siendo el método de Baccetti y cols. el mas confiable.



Abstract

Objectives: The objectives of this work were to compare the bone maturation of
cervical vertebrae and hand-wrist, analyze the different diagnostic methods used
as well as the recently studied anatomical structures that can provide information
on bone maturation and finally, determine which of the bone maturation methods

through cervical vertebrae radiographs it is the most used.

Methodology: Search in databases as Pubmed and Medline to obtain scientific

articles, clinical cases and observational studies from the last 5 years.

Conclusions: Different updated articles, studies and research were analyzed
which showed that the cervical vertebrae method has the same similarity of
results as the hand-wrist method, having the cervical vertebrae method more
favorable characteristics; the diagnostic methods used such as computed
tomography and magnetic resonance imaging continue to require research and
specific method for each of them. The anatomical structures studied such as
knee, clavicle, iliac crest and head of the femur have few studies, but these have
shown that, despite the few information, these structures can become a good
complementary diagnosis to hand-wrist and cervical vertebrae radiographs. The
cervical vertebrae method showed a difference between them, concluding

Baccetti et al method is the most reliable cervical vertebrae method.
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1. Introduccién

En el individuo existen una serie de diferentes edades que pueden ser
evaluadas, entre ellas la edad bioldgica, edad cronolégica, edad ésea, edad
dental, edad psicoldgica y edad sexual. Se asume que el crecimiento de un nifio
deberia tener relacion y equilibrio en cuanto a todos sus sistemas, incluyendo su
edad bioldgica, su edad cronolégica, su edad dental, desarrollo psicologico y
crecimiento y desarrollo 6seo. Un desarrollo normal en el crecimiento humano,
si sale del patrén, se considera anormal o patologico. Su estimacién se observa
por rangos especificos de edad-crecimiento, basado en indices generales de
signos de maduraciéon y crecimiento de los distintos tipos de érganos!. Es
importante saber que el crecimiento es diferente en cada individuo y puede tener
variaciones. De igual manera, si este periodo de diferencia de crecimiento varia
en un tiempo menor a 1 afo, no es considerado anormal, por lo que podria estar

dentro del rango de crecimiento normal.?

“La edad es uno de los elementos fundamentales en la identificacion del
sujeto” (Correa Ramirez, 1990), por esa razon se pueden separar en 2 tipos de
edades: Edad biolégica y edad cronologica. Cuando hablamos de la edad
biolégica en un nifio, nos referimos a aquella que se utiliza para determinar como
es la maduracion de todos los sistemas del cuerpo, también llamada edad
fisiolégica o de maduracion. Se utiliza para estimar el desarrollo de los sistemas
del cuerpo, de forma general para toda la poblacion y no de manera
individualizada. Por otro lado, la edad cronoldgica es aquella que empieza el dia
en el que un individuo nace y termina el dia en el que este mismo individuo
fallece, no tiene variaciones. Nifios con la misma edad cronolégica pueden

mostrar diferentes etapas o tipos de maduracion, ya que esto se ve afectado por
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diferentes factores como la genética, desarrollo socioeconémico, habitos o

patologias.3

Uno de los factores para determinar el crecimiento y desarrollo es la
relacién que existe entre la edad cronoldgica y la maduracién de los dientes.
Algunos estudios describen que se puede estimar la edad de un nifio viendo el
desarrollo de los dientes a través de una radiografia panordmica, donde
podriamos observar diferentes caracteristicas como raices, tamafio de la pulpa
0 gérmenes dentarios. De igual manera, se piensa que esta relacion, entre todas
las relaciones asociadas al crecimiento y desarrollo, es la mas débil y la que mas
pudiera tener variaciones generales, pero su relacién con la edad cronoldgica

normalmente suele estar correlacionada.*>

Para la edad dentaria existen 2 maneras de estimacion: Mediante la
cronologia de erupcién y la calcificacion de los tejidos dentales. Un cambio en la
secuencia de erupcion que pase los 2 afios se considera anormal o patoldgico,
viéndose principalmente en casos de maloclusiones, retenciones y agenesias.
Este es el método mas antiguo para identificar la edad cronoldgica de un
paciente, dando una informacion estimada de esta posible edad, aunque a veces
se ha puesto en duda porque la erupcion dentaria puede verse afectada por
diferentes factores como la anquilosis, retraso o adelanto de las erupciones
dentarias, impactaciones y posicion de los dientes permanentes. La estimacion
de la edad cronolégica mediante la maduracion o calcificacion de los tejidos
dentales, se da cuando los dientes alcanzan su formacion, desde el momento en

gue aparecen los gérmenes dentales hasta su maduracién completa.®®



Finalmente tenemos el crecimiento 6seo, que se considera uno de los
factores que tiene mayor cantidad de variaciones en cuanto a su desarrollo,
porgue esté intimamente unido a la maduracion y mineralizacion de los huesos.
Cada individuo tiene su propio grado de maduracion, dependiendo de coémo esto

evolucione se considera de crecimiento rapido, promedio o tardio.?

Se considera que cualquier hueso del cuerpo puede determinar una edad
Osea, porque todos pasan por diferentes cambios, pero dentro de la practica
médica y odontolégica los mas estudiados para esta determinacién son los
huesos encontrados en la mano y la mufieca, ya que esta zona contiene varios
huesos y epifisis que nos permitiran ver los cambios en el desarrollo y

crecimiento de los huesos a través de los afios.2

Las relaciones entre edad biolégica y cronolégica, edad dentaria, edad
psicologica y crecimiento 0seo, se estudian e investigan ya que tienen mucha
importancia en distintas areas de la odontologia, como es el caso de la medicina
legal y forense, la ortodoncia y la odontopediatria. En estas dos Ultimas
especialidades antes mencionadas, tiene gran importancia ya que se logra
estudiar qué puede o0 no puede pasar en el crecimiento 6seo, para asi poder

decidir la mejor opcion terapéutica para que un tratamiento sea mas efectivo.

Se utilizan los métodos de estimacion de crecimiento 6seo para saber cudl
es el mejor momento para tratar y cuales son los factores que estan a nuestro
favor. Se determina observando las etapas de osificacion y el patrén de

crecimiento 6seo.’

Existen diferentes maneras de saber cual es el momento mas favorable

para tratar a un paciente. Esto se puede ver mediante una serie de rasgos



especificos en radiografias y siguiendo unas normales generales. La Unica
desventaja de estos procedimientos es que no todos los profesionales estan
familiarizados con estos métodos, exponiendo al paciente mas de una vez a la

radiacion.®

Gracias al descubrimiento de la radiografia en 1896 por Roentgen, se
utilizé la radiografia para comenzar a detectar patrones o caracteristicas en
huesos en desarrollo en pacientes pediatricos para poder identificar su edad y

etapa de crecimiento.®°

1.1 Radiografia de Mufieca

Se realiza principalmente en la mano izquierda. La razon principal de esto
es porque la mayoria de personas suelen ser diestras, por ende pueden llegar a
tener mayor cantidad de lesiones en su mano dominante, en caso que sean

diestros tendran mas lesiones en la mano derecha que en la izquierda.®1°

1.1.1 Roland!!
Tras el descubrimiento de la radiografia por Roentgen?, Roland en
1896, observo la relacidon entre una radiografia carpal con la maduracion
esqueletal y el crecimiento, esto lo hacia mediante la observacién de una
radiografia en diferentes etapas y viendo los diferentes cambios en la
forma de la estructura 6sea que se apreciaban en la radiografia, pensando
gue los huesos de las manos podrian ser considerados indicadores de

crecimiento.



1.1.2 Pryort213

1) En 1904, Pryor estableci6 3 principios: El primero consideraba que el
desarrollo 6seo de las mujeres se realizaba de manera mas temprana
gue el de los hombres.

2) En un crecimiento considerado normal, indiferentemente de las
variaciones del individuo, la osificacién siempre seria asimétrica, es
decir, todos los huesos crecian con la misma rapidez o tardanza
alrededor de todo el cuerpo.

3) Finalmente, el ultimo principio consistia en que pueden existir
diferentes variaciones en los huesos, por lo que el patron de
crecimiento se consideraria de caracter hereditario.

1.1.3 Rotchy Craptom??

Afos mas tarde, Pryor en colaboracion con Rotch y Craptom, en
1909, estudiaron todos los cambios en las radiografias de mufeca,
concluyendo que estas podrian considerarse y aceptarse como
indicadores fidedignos del desarrollo general.

1.1.4 Hellmann*

En 1928, Hellmann centrod su investigacion en la manera en la que
se osificaban los cartilagos epifisiarios de la mano. Correlacioné el
momento en el cual aparece el sesamoideo, con el inicio de uno de los
picos de crecimiento, relacionado con el maximo crecimiento en altura.
1.1.5 Flory®

Flory en 1936, confirmé la teoria registrada por Hellman'4, donde
la calcificacion del sesamoideo del aductor podria considerarse una

buena manera de determinar el momento en el que empieza el periodo
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prepuberal. Ese pico de altura contintia activo por aproximadamente 1 afio
posterior a la aparicion del sesamoideo.

1.1.6 Métodos para la Determinacion de la Edad Osea mediante

Radiografia de Mufeca

1.1.6.1 Greulich y Pyle 161718

Para verificar los estudios realizados para la determinacién
de maduracién Gsea a través de la radiografia de mufieca, Greulich
y Pyle (GP) realizaron un atlas donde estudiaron la edad ésea con
la radiografia de la mano izquierda de un paciente (fig.1). Utilizaron
pacientes pediatricos caucasicos de Cleveland, Ohio, Estados

Unidos, entre los afios 1931 y 1942. Este atlas contiene
imagenes guia de ambos sexos, femenino y masculino, desde el
nacimiento hasta los 18 afios en mujeres y 19 afios en hombres,
aparte de sus respectivas explicaciones y cambios en cada una de
las fotografias. Para analizar la edad ésea utilizando este atlas, se
hace una radiografia de mufieca al paciente y posteriormente se
busca la imagen que coincida en el atlas. Se considero el método

mas sencillo en su época, utilizado en Pakistan y Australia.
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Fig. 1. Diferentes edades y sus cambios Gseos con la radiografia de mufieca. Tomada

del Atlas de Greulich y Pyle.'®

1.1.6.2 Fishman LS?*®
En 1982, Fishman LS propuso utilizar la radiografia de
mufieca para determinar el crecimiento 0seo, clasificando la maduracién
Osea carpal en 11 estadios y asi con esto, poder estudiar cudl seria el pico

de crecimiento puberal.

Su método consistia en usar 4 etapas de maduracion en 6
lugares anatomicos distribuidos en: El pulgar, tercer dedo, quinto

dedo y el radio. Las 4 etapas de maduracion consistian en:

La osificacion a través del ensanchamiento epifisiario en las
falanges, la osificacién del sesamoideo del pulgar, el recubrimiento

de epifisis sobre su diéfisis y fusion entre epifisis y diafisis. Se
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referencian 11 indicadores de maduracion esquelética (SMI’s) que
se consideran estables (fig. 2). En el estudio de 2000 personas solo
3 se consideraron no estables, esto quiere decir que su crecimiento
no era igual al de la media, pero este hecho no afecté en los

resultados finales.

Fig. 2. Sitios donde se encuentran los Indicadores de Maduracién Esquelética de Fishman

(SMI). Tomada de Fishman L.*°
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Fig. 3. Evolucion de los Indicadores de Maduracion Osea: (A) Anchura de la epifisis con la
anchura de la diéfisis. (B) Aparicion del sesamoideo aductor del pulgar. (C) Encapsulamiento

de la epifisis. (D) Fusion de la epifisis. Tomada de Fishman L.%°

Indicadores de Maduracion Esquelética (SMI) (fig. 3y 4)

a) Anchura de la Epifisis con la Anchura de la Diéfisis:
SMI 1: Tercer dedo — Falange proximal.
SMI 2: Tercer dedo — Falange media.
SMI 3: Quinto dedo — Falange media.
b) Osificacién
SMI 4: Se forma el sesamoideo aductor del pulgar.
c) Encapsulado de la Epifisis
SMI 5: Tercer dedo — Falange distal.
SMI 6: Tercer dedo — Falange media.
SMI 7: Quinto dedo — Falange media.

d) Fusion de la Epifisis con la Diéfisis
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SMI 8: Tercer dedo — Falange distal.
SMI 9: Tercer dedo — Falange proximal.
SMI 10: Tercer dedo — Falange media.
SMI 11: Fusion del radio.

5 —~8
i
|

.

7o

MATURITY
INDICATORS

1 l
Fig. 4. Los 11 indicadores de maduracion 6sea (SMI). Tomada de Fishman L.1°

La imagen que se observa en el estudio de Fishman se
utilizé para visualizar de manera mas sencilla los SMI’s. En este
mismo estudio, se comentd que un paso importante es determinar
si el aductor sesamoideo del pulgar puede observarse o no. Si este
indicador no se pudiese observar correctamente, el SMI 4 no seria
atil para la estimacion y se asociaria al ensanchamiento prematuro
de la epifisis mas que por su encapsulamiento. Por otro lado, si el

sesamoideo es visible el indicador correspondiente sera aplicado.

Los hallazgos mostraron que el pico de crecimiento
mandibular se produce en la etapa de SMI 7, pese a que se

demostré que el crecimiento en altura se produce entre el SMI 5y
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SMI 6. De igual manera, se demostré que el maxilar tiene su
completa formacion al final del periodo de crecimiento (SMI 4)

mientras que la mandibula es cuando ahi empieza a desarrollarse.

En el estudio de Fishman se concluy6 que estos indicadores
eran buenos para determinar la maduracion 6sea y su “pico de

crecimiento”, pese a que esto sea individual de cada sujeto.

1.1.6.3 Tanner y Whitehouse?°

Tanner y Whitehouse (TW), en 1975 desarrollaron un
meétodo llamado TW2, este método no se basaba en la edad como
otros sino que se basaba en la madurez de 20 regiones de interés
de los huesos especificos de manos y mufiecas, denominados ROI.
Su funcion consistia en determinar los distintos niveles de la
clasificacion de ROI, estos distintos estadios se anotaban con letras
(A, B, C...., 1), se les daba un valor a cada estadio y a cada hueso
individualmente. Estos resultados se sumaban y daba un resultado
de maduracion ésea que se relacionaba con la edad esquelética de
los individuos de diferentes sexos. Al final de su trabajo, se
demostré que el gran inconveniente es que esta técnica solo se
aplicaba para la poblacion donde se recogieron las muestras,
aparte que se consideraba mas complejo, que tomaba mas tiempo

y se comprobd que daba resultados muy similares al Atlas de GP.
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1.1.6.4 Gilsanz y Ratib?!

En el afio 2005 se dio a conocer un nuevo método llamado
el Atlas Digital de Gilsanz y Ratib (GR), realizado por Vicente
Gilsanz y Osman Ratib. Su atlas era una version digital de los atlas
anteriores que contenia imagenes para cada edad y sexo, de
manera estandar, segin la maduracion 6sea. Este atlas analizaba
el tamafio, forma, morfologia y densidad 6sea de los huesos de la
mano. Para realizar este atlas se utilizaron niflos sanos a los que
consideraron que tenian las caracteristicas tipicas del desarrollo
normal de la osificacion. Estas imagenes, a diferencia de los atlas
anteriores'®®, son mas especificas y con una mejor calidad. Las
fotografias tienen una diferencia de 6 meses y dispone la
informacion para las edades comprendidas entre 2 a 17 afios. Este
atlas fue utilizado por diferentes expertos, entre ellos radiélogos y
endocrinos, y se llego a la conclusion de que los resultados de este
atlas eran idénticos a los del Atlas de GP, de igual manera en el
atlas digital se encuentran mas valores, pudiendo reemplazar el
viejo atlas de GP.

Dividen la maduraciéon désea en 6 categorias, aunque
algunas pueden sufrir algunas variaciones:

1. Infancia (se observan huesos carpales y epifisis radial): Edades
comprendidas desde el nacimiento hasta los 10 meses en nifias
y del nacimiento a los 14 meses en nifios. (fig. 5)

2. Niflos pequerios (se observa numero de epifisis visibles en los

huesos largos de la mano): Edades comprendidas entre 10
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meses hasta 2 afios en nifias y desde los 14 meses hasta los 3
afios en nifos. (fig. 6)

. Prepuberal (se observan el tamafio de las epifisis de las
falanges): Edades comprendidas entre los 2 afios hasta los 7
afios en nifias y desde los 3 afios hasta los 9 afios en nifios. (fig.
7)

. Pubertad temprana y media (se observan el tamafio de las
epifisis de las falanges): Edades comprendidas entre los 7 afios
hasta los 13 afios en nifias y desde los 9 afios hasta los 14 afios
en nifos. (fig. 8)

. Pubertad tardia (se observa el grado de fusion de la epifisis):
Edades comprendidas entre los 13 afios hasta los 15 afios en
nifas y desde los 14 afios hasta los 16 afos en nifios. (fig. 9)

. Pospubertad (se observa el grado de fusion de la epifisis del
radio y cubito): Edades comprendidas entre los 15 afios hasta
los 17 afios en niflas y desde los 17 afios hasta los 19 afios en

nifos. (fig. 10)

18



Fig. 5. Etapa de la infancia. Tomada del “Hand Bone Age Atlas” de Gilsanz y Ratib.?*

B
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B
®

Fig. 6. Etapa de nifios pequefios. Tomada del “Hand Bone Age Atlas” de Gilsanz y Ratib.?!
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Fig. 9. Pubertad temprana o media. Tomada del “Hand Bone Age Atlas” de Gilsanz y Ratib.?!
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Fig. 10. Pospubertad. Tomada del “Hand Bone Age Atlas” de Gilsanz y Ratib.?!
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1.1.6.5 Métodos Actuales?’

En la actualidad cabe destacar un método Illamado
BoneXpert, se trata de un método donde se determinan los bordes
de 13 huesos, radio, cubito y 11 huesos cortos de las falanges de
forma automatica. Consiste en dividir la imagen digital en 3 capas:
La primera (A) observa bordes de huesos y los reconstruye. La
segunda (B) determina la edad ésea de cada estructura estudiada.
Finalmente la dltima (C) indica la edad 6sea segun clasificacion de

GP o el estadio segun TW.

1.2 Radiografia Vértebras Cervicales

La RVC ha sido uno de los métodos mas utilizados y aprobado dentro del
area de la odontologia para determinar la edad 6sea. Para este método se realiza
una radiografia lateral del craneo, utilizado en ortodoncia para realizar los
estudios cefalométricos, ventaja que se le atribuye ya que con una radiografia,
necesaria en ortodoncia, se puede determinar la edad Osea del paciente
pediatrico.®

1.2.1 Métodos para la Determinacion de la Edad Osea mediante
Radiografia de Vértebras Cervicales

1.2.1.1 Lamparski?

Uno de los métodos mas conocidos es el propuesto por Lamparski
en el afio 1972, estudio las vértebras cervicales en su totalidad, desde su
tamafo hasta su forma, para asi crear diferentes etapas de maduracion,
las cuales compard con los estudios de radiografia de mufieca, donde

concluy6 que los valores aparte de que se asemejaban estadisticamente,
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clinicamente eran totalmente confiables. En este mismo estudio descubrio
gue el indicador de crecimiento, como cambios de forma, en los diferentes
estadios no era diferente en sujetos femeninos y masculinos, pese a que
las mujeres se desarrollaban antes que los hombres. Llegando a esta
conclusion desarroll6 lo que hoy se conoce como el MRVC. Este método
consta de 6 etapas donde se pueden observar los cambios morfoldgicos

de las vértebras cervicales. (fig. 11)

Etapa CVMI 1: Inicio

a) Se observa que los bordes inferiores de las vértebras C2,

C3Y C4 son planos.

b) Se observa que los bordes superiores de las vértebras se
estrechan posteroanteriormente, formando una especie de

“forma en cuna”.

c) Buena capacidad de crecimiento en la adolescencia (80%-

100%).

Etapa CVMI 2: Aceleracion

a) Desarrollo de concavidades en zona inferior de vértebras

C2y C3.

b) Borde inferior de vertebra C4 se vuelve plano.

c) Vertebras C3 y C4 adquieren una forma mas rectangular.

d) Capacidad de crecimiento en la adolescencia esperado

(65%-85%).
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Etapa CVMI 3: Transicion

a) Distintas concavidades en borde inferior de vértebras C2

y C3.

b) Empieza el desarrollo de la concavidad en zona inferior

de vértebra CA4.

c) Vértebras C3 y C4 son rectangulares.

d) Capacidad de crecimiento moderado (de 25%-65%).

Etapa CVMI 4: Desaceleracion

a) Se encuentran diferentes concavidades en bordes

inferiores de vértebras C2, C3y C4.

b) Vértebras C3 y C4 adquieren una forma mas cuadrada.

c) Poca capacidad de crecimiento en la adolescencia (10%-

25%).

Etapa CVMI 5: Maduracién

a) Concavidades acentuadas en los bordes de las vértebras

C2, C3y C4.

b) Vértebras C3 y C4 son cuadradas.

c) Capacidad de crecimiento casi nula (5%-10%).
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Etapa CVMI 6: Completacion

a) Las concavidades se ven profundas en los cuerpos

vertebrales de C2, C3y C4.
b) C3 y C4 son més altos que anchos.

c) Completacion del crecimiento puberal (nulo o poco
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Fig. 11. Etapas de la maduracién 6sea de vértebras cervicales del Método Lamparski. Tomada

de Ortiz M y cols.?®

1.2.1.2 Hassel y Farman?*

Afos mas tarde, en 1995, Hassel y Farman (HF) confirman
y corroboran esta efectividad con el indicador de maduracién de
vértebras cervicales. Realizaron la comparacién entre los
indicadores de maduracion 6sea y edad cronologica en la
radiografia de mufieca realizada por Fishman'® y los indicadores

de radiografia de vértebras cervical realizados por Lamparski??.
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Confirmaron que las etapas de SMI y de CVM concuerdan con los

estudios ya realizados. (fig. 12)

1 2 3
INITIATION  ACCELERATION TRANSITION

ey mp (5] [l

P |C3 (m) l C3 I“"E

DECELERATION MATURATION COMPLETION
4 5 6

Fig. 12. Indicadores de las vértebras cervicales utilizando la C3 como guia. Tomada de Hassel

y Farman.?*

1.2.1.3 Baccetti y cols.?2°

Baccetti y cols. en el 2005 propuso una modificacion actualizada
del método para estudiar la maduracion de vértebras cervicales, mientras
se utilizaba un collar de protecciéon de plomo. Se observd si existe
ausencia o no de la concavidad del borde inferior en las vértebras C2, C3
y C4, asi como la forma estructural del cuerpo del C3y C4, pudiendo ser
rectangulares, rectangulares pero horizontalmente, trapezoidales,

cuadradas o bien rectangulares verticales. (fig. 13)
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Figure 1 Cephalometric landmarks for the quantitative analysis of
the morphologic characteristics of the ventebral bodies of C2, C3

and C4

Fig. 6. Trazos del andlisis cuantitativo de las caracteristicas morfolégicas de las vértebras

cervicales C2, C3 y C4. Tomada de Baccetti y cols.?®

Analisis Visual

Se observa la morfologia de las vértebras cervicales C2, C3 y C4
en 6 cefalometrias consecutivas (T1 a la T6). En estas se analizan 2
variables: (1) presencia de concavidad en la parte inferior del cuerpo de

las vértebras C2, C3y C4 vy (2) la forma del cuerpo de C3 y C4:

a) Trapezoidal: Borde superior conico de zona posterior a anteriores.

b) Rectangular Horizontal: La altura posterior y anterior con iguales;

los bordes superiores e inferiores son mas largos que los anteriores
y posteriores.

c) Cuadrado: Las 4 partes de la vértebra son iguales.

27



d) Rectanqular Vertical: Bordes anterior y posteriores son mas largos

gue los superiores e inferiores.

Etapas de la Maduracion de Vértebras Cervicales

a) Etapa Cervical 1 (CS1): La parte inferior de las 3 vértebras (C2-C4)
son planas. El cuerpo de la C3 y C4 son de forma trapezoidal (de
posterior a anterior). El pico de crecimiento mandibular podria

ocurrir afios después de esta etapa. (fig. 14)

Fig. 14. Estado Cervical 1 (CS1), 2 ejemplos clinicos. Tomada de Baccetti y cols.?®

b) Etapa Cervical 2 (CS2): La concavidad esta presente en el borde inferior
del C2 (en algunos casos algunos individuos puede seguir en la etapa 1
de la C2). Los cuerpos de C3 y C4 siguen siendo trapezoidales. El pico
de crecimiento mandibular podria ocurre 1 afio después de esta etapa.

(fig. 15)
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Fig. 15. Estado Cervical 2 (CS2), 2 ejemplos clinicos. Tomada de Baccetti y cols.?®

c) Etapa Cervical 3 (CS3): Se aprecia concavidades en borde inferior de C2
y C3. La forma del cuerpo de C3 y C4 puede mantenerse trapezoidales o
bien pueden cambiar a una forma rectangular horizontal. El pico de

crecimiento mandibular aparece durante el tiempo de esta etapa. (fig. 16)

Fig. 16. Estado Cervical 3 (CS3), 2 ejemplos clinicos. Tomada de Baccetti y cols.?
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d) Etapa Cervical 4 (CS4): Concavidades en C2 y C3 se mantienen y aparece
concavidad en borde inferior del C4. La forma de C3 y C4 ahora es rectangulares
horizontales. El pico de crecimiento mandibular ocurrié 1 o 2 afios antes de esta

etapa. (fig. 17)

Fig. 17. Estado Cervical 4 (CS4), 2 ejemplos clinicos. Tomada de Baccetti y cols.?®

d) Etapa Cervical 5 (CS5): La concavidades en el borde inferior de las
vértebras antes mencionadas siguen presentes. Alguna de las vértebras
(C3 0 C4) es de forma cuadrada, si no lo es, el cuerpo de la otra seria un
rectangulo horizontal. El pico de crecimiento mandibular habra terminado

por lo menos 1 afio antes de que aparezca esta etapa. (fig. 18)
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Fig. 18. Estado Cervical 5 (CS5), 2 ejemplos clinicos. Tomada de Baccetti y cols.?®

e) Etapa Cervical 6 (CS6): Las concavidades siguen siendo evidentes en C2-
C4. Por lo menos una de las vértebras (C3 o C4) tiene forma de rectangulo
horizontal, si no, una de ellas tendra forma cuadrada. El pico de
crecimiento mandibular habra terminado por lo menos 2 afios antes de

gue aparezca esta etapa. (fig. 19)

Fig. 19. Estado Cervical 6 (CS6), 2 ejemplos clinicos. Tomada de Baccetti y cols.?
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1.2.1.4 Cheny cols.?’

En el 2008, Chen y cols. actualizaron el método MRVC vy
demostraron un sistema de maduracion cervical cuantitativa mediante un
software, el cual de manera automatica realiza las medidas y determina la
edad 6sea, basada en los resultados de los estudios anteriores de
vértebras cervicales y comparadas con las radiografia de mufieca de
Fishman!®. Se conoce como Quantitative Cervical Vertebral Maturation
(QCVM) y la cual dividieron en 4 etapas que compararon con los
indicadores de Fishman?®: Periodo de aceleraciéon (QCVM I; concuerda
con SMI 1-3), periodo de alta velocidad (QCVM II; concuerda con 4-7),
periodo de desaceleracion (QCVM llI; concuerda con SMI 8 y 9) y el

periodo de culminacion (QCVM IV; concuerda con SMI 10 y 11). (fig. 20)
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Fig. 20. Radiografia lateral de craneo y radiografia de mano-mufieca del mismo sujeto.
CVM indica que esté en la etapa 4. QCVM indica que esta en la etapa 4, mientras que
la mano-mufieca indica que esté en la etapa 11 o en la etapa de crecimiento completo.

Tomada de Chen y cols.?”
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El método de radiografia de vértebras cervicales tiene una fiabilidad
compatible con las radiografia de mufieca (Pichai y cols. 2014 y Flores y cols.

2006).

1.3 Radiografia Falange Media del Tercer Dedo

1.3.1 Métodos para la Determinaciéon de la Edad 6sea mediante

Radiografia de la Falange Media del Tercer Dedo

1.3.1.1 Hagg y Taranger?®

Hagg y Taranger (HT), en 1982, mediante un estudio longitudinal
prospectivo del crecimiento y desarrollo, propusieron el método de
osificacion de la tercera falange, observando qué tipo de cambios hay en
la region epifisiaria, la cual clasificarian dependiendo de la region en
MP3F, MP3FG, MP3G, MP3H y MP3I. Este método tuvo aceptacion
positiva a comparacién al método de Fishman??, ya que se utilizaban unos
niveles de radiacion inferiores, alta relacion de las etapas de crecimiento
de las falanges y las vértebras cervicales, no hay variaciones de postura
Yy NnO se necesita un equipo especial para realizar esta radiografia.
Encontraron que el sesamoideo estaba osificado al 40% de las mujeres y

25% del hombre durante su etapa de brote puberal.
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Fig. 21. Imagen de las diferentes etapas de clasificacion de la osificacion de la tercera

falange (MP3F, MP3FG, MP3G, MP3H y MP3l). Tomada de Hagg y Taranger.?®

Clasificacion de las Etapas

a) Etapa MP3-F: Empieza el crecimiento. La caracteristica que

observaron HT fue: Epifisis ancha como metéfisis.*®

b) Etapa MP3-FG: Aceleracion del crecimiento. Las caracteristicas

gue observaron HT fueron:

b.1 Epifisis ancha como metéafisis.

b.2 Borde interno o lateral de metafisis forma una linea de

demarcacién en forma de angulo recto por el borde distal.”

c) Etapa MP3-G: Maximo pico de crecimiento. La caracteristica que
observaron HT fue: Engrosamiento de bordes de la epifisis que
pueden cubrir metafisis, formando borde agudo en uno o en 2

lados.
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d) Etapa MP3-H: Desaceleracion del crecimiento. La caracteristica

que observaron HT fue: Fusion entre epifisis y metafisis.

e) Etapa MP3-HI: Maduracion del crecimiento.8

f) Etapa MP3-I: Fin del crecimiento. La caracteristica que
observaron HT fue: Fusién entre epifisis y metéfisis finalizada. (fig.

21)

1.3.1.2 Rajagopal y Kansal 929

En el 2002, Rajagopal y Kansal (RK) afiadieron a la clasificacion de
HT, una etapa adicional, MP3-HI, una etapa intermedia entre MP3H y
MP3I, que refleja cambios en la region epifisiaria del tercer dedo.
Consideran que esta etapa que agregaron era el inicio del crecimiento

puberal, que no estaba clasificada pero HT describen en sus estudios.

Caracteristicas Afadidas al Trabajo de Hagg y Taranger

a) Etapa MP3-F: RK afadieron las siguientes caracteristicas:

a.1l Extremos de epifisis se redondean y estrechan.

a.2 No hay ondulacién de la metafisis.

a.3 Linea radiotransparente ancha, que representa la placa
cartilaginosa del crecimiento epifisiario, entre la epifisis y

metafisis.

b) Etapa MP3-FG: RK afiadieron las siguientes caracteristicas:

b.1 Metafisis muestra ligera ondulacion.
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b.2 Linea radiotransparente ancha entre metafisis y epifisis.

c) Etapa MP3-G: RK afadieron las siguientes caracteristicas:

c.1 Ondulaciones marcadas en metéfisis, apariencia de

“arco de cupido”.

c.2 Linea radiotransparente moderada entre metéfisis y

epifisis.

d) Etapa MP3-H: RK afadieron las siguientes caracteristicas:

d.1 Por lo menos un lado de la epifisis es un angulo obtuso

al borde distal.

d.2 Empieza a estrecharse la epifisis.

d.3 Pequefa zona convexa debajo de la zona central de la

metafisis.

d.4 “Arco de cupido” en metafisis ausente, pero presenta

leve ondulacion.

d.5 Linea radiotransparente delgada entre epifisis y

metafisis.

e) Etapa MP3-HI: RK afiadieron las siguientes caracteristicas:

e.1 Superficie superior de epifisis lisa y concava.

e.2 Superficie de metafisis lisa y convexa, pudiendo encajar

con concavidad de epifisis.

e.3 Metéfisis sin ondulacion.
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e.4 Espacio radiotransparente entre metéfisis y epifisis casi

nulo.

f) Etapa MP3-I: RK afiadieron las siguientes caracteristicas:

f.1 No existe espacio entre metéfisis y epifisis.

f.2 Linea epifisiaria radiopaca densa que forma parte de la

zona proximal de la falange media.

1.4 Otros Zonas Diagnésticas

1.4.1 Radiografia de Rodilla®°-3!

En el afio 1988, Roche y cols.2%3! realizaron un apartado en un libro
donde comentaron un nuevo método utlizando la rodilla como un
indicador biolégico del desarrollo 6seo, visualizando la parte frontal de la
misma (Método RTW). Comentaban en este apartado las ventajas que
tiene la radiografia de rodilla para determinar la maduracién 6sea, pero
gue este método estaba mas relacionado a la prediccion del crecimiento
en altura que lo que podia estar relacionada la radiografia de mufieca. Se
resalta también que las lesiones en las rodillas tardan mas en generarse,
son mas leves y menos constantes que en las manos y las mufiecas;
también consideran que hay cambios radiograficos mas visibles que las
gue aparecen en las radiografia de mufieca, principalmente en las que se

realizan en jévenes varones de 11-15 afios y mujeres de 9-13.5 afios.

En el método RTW se utilizaban 34 indicadores: 12 femorales, 16
tibiales y 6 peroneos, aunque no todos se utilizaban en las mismas

edades. La mayoria de estos indicadores se definen en base a la forma
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del hueso y algunos segun las medidas de la metéfisis del femoral hasta
su epifisis. Para utilizar este método era necesario ver una radiografia de
rodilla y colocar la informacion en un programa digital que determinaria la
edad de maduracion, asi como el posible margen de error que pudiese

haber.

Roche y cols.?%3! crearon diferentes grados que se podian observar

en la rodilla;

a. Grado 0: Area intracondilar proximal a la tibia es plana o solo hay una
tuberosidad presente (en desarrollo).

b. Grado 1: Proyeccion proximal ausente en la esquina lateral de la
epifisis.

c. Grado 2: Proyeccion presente en la esquina lateral de la epifisis.

d. Grado 3: Epifisis fusionada lateralmente con la diéfisis.

Las desventajas del método RTW era que necesitaban artefactos
muy especificos asi como el tiempo de duracion del método, aparte de
necesitar 2 ordenadores cada uno con una memoria de al menos 40KB,
tener el programa especial que ejecuta el analisis y finalmente y la mas
importante de todas, que el programa tenia que ser leido por un fisico
especializado que tuviera interés de ayudar o saber acerca de la

maduracion 6sea.

El método mas reciente para estudiar las radiografias de rodilla fue
el realizado por O'Connor y cols.®? (2008) los cuales crearon una
estadistica para analizar y comprender el crecimiento 6seo mediante

observacion de la union de la epifisis de la rodilla en la radiografia.

38



O’Connor y cols.?? utilizaron como base para sus indicadores sus propios
resultados obtenidos y los compararon con los de Roche y cols.33t,
creando asi los 7 indicadores de su estadistica, que va de la A-G: (fig. 22-

25)

A. Proyeccion proximal de la esquina lateral de la epifisis distal del fémur.

B. Encapsulamiento lateral de la metéfisis en la zona distal de la epifisis
del fémur.

C. Tubérculos intracondilares de la tibia.

D. Proyeccion distal de la esquina lateral de la epifisis proximal de la tibia.

E. Proyeccion distal de la esquina medial de la epifisis proximal de la tibia.

F. Desarrollo de la tuberosidad tibial.

G. Desarrollo de la apdfisis estiloides del peroné.

Fig. 22. Radiografia anteroposterior de la rodilla. Las flechas blancas indican el lugar
de los indicadores A-E y G y el grado en el que se encuentran, en este caso grado 0.

Tomada de O’Connor y cols.*
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Fig. 23. Radiografia anteroposterior de la rodilla. Se muestra el indicadores A-E y G en

grado 1. Tomada de O’Connor y cols.®?

Fig. 24. Radiografia anteroposterior de la rodilla. Se muestra el indicador B grado 2. La
flecha blanca que indica el asterisco sefiala una linea radiodensa horizontal que cruza

la epifisis del peroné, que marca la linea articular. Tomada de O’Connor y cols.*?

40



Fig. 25. Radiografia anteroposterior de la rodilla. Se muestra el indicador A, D, Ey G

en grado 2. Indicador B en grado 3. Tomada de O’Connor y cols.*?

1.4.2 Radiografia de Clavicula®

La clavicula es uno de los huesos largos que primero empieza el
proceso de osificacion. La osificacion de los extremos se hace a través de
la osificacion endocondrial mientras que el crecimiento de su eje lo realiza
a través de la osificacibn membranosa. Durante el crecimiento la
osificacion aparece en la zona del extremo medio de la clavicula hasta su
completa osificacion que ocurre aproximadamente hasta los 22 afios de
edad. A los 18 afios de edad el desarrollo 6seo de la mano, la
mineralizacién del tercer molar y la maduracion sexual estan completadas
asi que, en este caso, las radiografias tanto dentales como éseas carecen

de importancia.

La radiografia de la clavicula se ve afectada por sombras que se

sobreponen a su correcta visualizacion, entre ellas las de las vértebras
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cervicales y las costillas; es por eso que una radiografia convencional se
veria afectada para intentar determinar la maduracion 0sea a traves de la
clavicula. Se han utilizado otros métodos como TAC Multidireccional, pero
no ha dado los resultados deseados. La opcion que da un mejor resultado
al momento de ver las estructuras de la clavicula es TAC Espiral, esta
tiene varias ventajas como que hay menor tiempo de espera y de cantidad
de artefactos, dandole mas tranquilidad al paciente, pero por otro lado

emite mayor cantidad de radiacién a comparacién al TAC convencional.!

Otra opcion para estudiar la relacion entre la osificacion de la
claviculay la edad 0sea fue a través de la RM. Esta es una buena opcion
para eliminar el contacto con radiacion que se produce en el TAC Espiral.
La desventaja de este método es el protocolo que se necesita y que no

hay muchos estudios que lo comprueben.

1.4.3 Radiografia de la Cresta lliaca'®

Profesionales en el area de la odontologia han querido investigar la
evolucion de la osificacion de los huesos iliacos para determinar la
maduracién 0sea. Este método se conoce como el Signo de Risser, que
se basa en observar la maduracion de la cresta iliaca. Los estudios
sugieren gque el problema de esta valoracidon es que la osificacion de la
cresta iliaca carece de uniformidad y puede causar discrepancias al

momento de querer determinar la edad Osea.
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1.4.5 Radiografia de la Cabeza del Fémur?®

Una de las alternativas mas modernas es el estudio del cartilago
de la cabeza del fémur que constantemente esta osificAndose, a
diferencia de la parte final del fémur. Cuando todo el cartilago se ha
terminado de desarrollar este se reemplaza por hueso y lo que queda se

conoce como cartilago hialino.

En cuanto a este procedimiento solo existe un estudio, este mide el
grosor de la cara anterior del fémur, en una poblacion pequefia de una
sola raza. Estas limitaciones causan que sea un meétodo especifico para

un tipo de poblacion.

1.5 Otros Métodos Diagnoésticos

1.5.1 Tomografia Computarizada Cone Beam (CBCT) 3334

Debido a la constante necesidad de reducir la exposicion del
paciente a los rayos X, se empez6 a emplear la CBCT, un método de
diagnostico moderno. EI CBCT es un método que se ha hecho muy
popular en los ultimos tiempos, ya que se pueden ver estructuras como la
cabezay el cuello en 3 planos distintos, entre ellas las vértebras cervicales
y haciendo que los profesionales encontraran ligeras limitaciones en las

radiografias convencionales.

Los estudios realizados por Chen y cols.?” buscaban resolver las
limitaciones de la radiografia lateral de craneo, por ende crearon un
método analitico para ver el crecimiento a través de las vértebras

cervicales en una vista mas sagital. Utilizar CBCT como método para
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diagnosticar la maduracion 6sea en vértebras cervicales permite una
vision global, lo cual aumenta la visién de los planos como en el plano
coronal y plano transversal con una vista en 3D, no limitdndose solamente
al plano sagital a través de la imagen en 2D de las radiografias laterales
de craneo. Otra de las ventajas es que este método podria usarse no
solamente para ver la maduracién esquelética sino también podria ayudar
a futuras operaciones ortognéticas, para cirugias de dientes retenidos,

evitando asi la exposicion extra a las radiaciones.

1.5.2 Resonancia Magnética (RM) 1734

Los diagnosticos tradicionales utilizaban métodos como el de
Greulich y Pyle'® o el de Tanner y Whitehouse®® para diagnosticar el
crecimiento 6seo a través de una radiografia de mufieca en pacientes
jovenes, haciéndoles tener contacto con radiaciones ionizantes
constantes que pueden, a largo plazo y con varias dosis, ser perjudiciales

para ellos.

Se penso en la posibilidad de suplantar las radiografias y utilizar la
RM, ya que es libre de radiaciones y puede mostrar excelentes imagenes
diagnosticas. Aparte proporciona informacion adicional como densidad
Osea, peso y altura; datos que no pueden ser calculados con una

radiografia convencional.

En el estudio de Tang y cols.®** se realizaron resonancias
magnéticas de mano-murfieca en jovenes desde los 12 a los 17 afios de

edad (fig.26) y compararon estas imagenes con los valores indicados en
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el método de TW. Cada RM mostraba las mismas estructuras anatomicas

evaluadas en los estudios de TW.

La siguiente imagen muestra 2 RM realizadas al mismo individuo

en diferentes etapas que concuerda con la etapa H y HI de TW:

Fig. 26. Resonancia magnética del mismo sujeto en diferentes etapas H e |. La flecha roja
indica falange proximal, con una linea hipodensa visible. La flecha verde indica la falange
media, con ausencia de linea hipodensa visible. La flecha azul muestra la cara distal del radio

con presencia de linea hipodensa. Tomada de Tang y cols.3*

El estudio de Tang y cols.3* se aproxima a los resultados obtenidos
con radiografias convencionales. Se pudo observar también que el
crecimiento puede tener un rango de edad mas amplio, haciendo que sea
subjetivo y pueda causar discrepancias. Las imagenes radiogréaficas
tenian algunos problemas de visualizacion como lineas borrosas en la
zona de la mufieca, creando un falso diagndstico por una posible fusion
0sea que con RM no ocurre, ya que se puede ver de manera mas clara

las imagenes haciendo que se pueda dar un diagndstico mas preciso.
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1)

2)

3)

Objetivos

Comparar la eficacia entre los métodos de analisis de la maduracion 6sea
mediante el estudio de veértebras cervicales y la radiografia de mano-
mufieca.

Analizar otros métodos radiograficos y zonas anatomicas para la
evaluacioén de la maduracién Gsea en pacientes en crecimiento.
Comparar qué método de andlisis de radiografia de vértebras cervicales
es el mas fiable para determinar la maduracién 6sea en pacientes en

crecimiento.
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3. Metodologia

Andlisis de busqueda de estudios

Estrateqgia de busqueda

Se realiz6 una busqueda bibliogréafica en diferentes bases de datos como
Pubmed y Medline para conseguir articulos cientificos, casos clinicos y estudios

observacionales que hubiesen sido publicados en los ultimos 5 afios.

Palabras claves

Las palabras claves empleadas fueron: “Crecimiento 6seo”, “maduracion

J

esquelética”, “métodos diagnosticos”, “relaciones 6seas”, “maduracion 6sea’,
“skeletal maturation”, “cervical vertebral maturation”, “hand-wrist method”,

“maturity indicators”.

Criterios de Inclusion

e Articulos publicados entre 2015 y 2020.
e Estudios realizados en pacientes pediatricos sin patologias que

estuvieran en edades comprendidas desde los 6 afios hasta los 18 afos.

Criterios de Exclusion

e Revistas de bajo impacto cientifico.

e Articulos cuyos trabajos incluyeran pacientes con patologias sistémicas

gue afectaran a la maduracion ésea.

e Trabajos que incluyeran adultos.
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4. Discusién

A. Eficacia de los métodos de andlisis de radiografia de vértebras

cervicales frente a radiografia de mufieca

La edad cronoldgica y biologica son consideradas de importancia para
estudiar el desarrollo de un paciente, pero la maduracién 6sea puede darnos
informacion que la edad cronoldgica no puede, como para poder analizar el
crecimiento. El correcto diagndstico es un paso importante para el éxito de
cualquier tratamiento, especialmente en el caso de los nifios que estan en
constante cambio, principalmente en la edad puberal, y esta evolucién se puede
observar mediante el estudio del desarrollo 6seo. En el area de la odontologia,
principalmente en la ortodoncia y la odontopediatria, se utilizan métodos
radiograficos para saber en la etapa del desarrollo 6seo que se encuentra el
paciente y saber asi el momento idoneo para realizar ciertos tipos de
tratamientos. Existen diferentes métodos, pero los mas conocidos son: Los
métodos que emplean las radiografias de mufieca y otros métodos que lo hacen
a través de la radiografia lateral de craneo, analizando las vértebras cervicales.
Se utilizan estas 2 estructuras ya que son las que han demostrado un cambio
mas notorio en sus formas 6seas y han tenido valores similares en cuanto a la

informacion del tiempo del pico de crecimiento.®!?

El primer estudio que se realizd, fue a través de una serie de radiografias
de la mufieca, que luego se analizaron, observando los cambios que realizaban
a diferentes edades cronoldgicas, considerando también el sexo del paciente. En
base a la radiografia de mufieca, autores como Greulich y Pyle!é, Fishman®®y

Tanner y Whitehouse?® crearon diferentes métodos con los cuales los
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profesionales del area de la odontologia podrian utilizar como guia a la hora de

determinar la maduracion 6sea en pacientes pediatricos. 161920

Posteriormente, se penso si existirian otras estructuras que pudiesen dar
la misma informacion que se obtenian a través de la radiografia de mufieca. Las
estructuras que mas se estudiaron fueron las vértebras cervicales, las cuales se
podian observar a través de una radiografia lateral de craneo. Diferentes autores
decidieron radiografiar las vértebras cervicales, pero fueron autores como
Lamparski??, Hassel y Farman?* y Baccetti y cols.?® que decidieron estudiarlas
mas al detalle, creado diferentes métodos para determinar la maduracion osea.
Los estudios de los autores anteriormente mencionados fueron comparados con
los resultados dados por las radiografias de mufieca y sus métodos
correspondientes, donde se concluyd que efectivamente las estructuras 0seas
de las vértebras cervicales podian dar la misma informacion que los huesos de

la mano y la mufieca.??2425

Autores como Babu y cols.®®, Hoseini y cols.3¢, Kumar y cols.®’, Cunhay
cols.®8 y Patil y cols.®, concluyeron que la mejor manera de determinar la edad
O0sea de los pacientes pediatricos era a través de método de radiografia de
vértebras cervicales, ya que es el método que mas alta correlacion y
reproductibilidad tiene en relacion a la maduracion ésea. Ademas, este método
ayuda a evitar la sobreexposicion a la radiacion, ya que Unicamente se hace una
sola radiografia lateral de craneo y las vértebras cervicales tienen un tamafio
adecuado para que los cambios que estas realizan durante el desarrollo 6seo

sean mas notorio.
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En el estudio de Babu y cols.3® analizaron una muestra de 500 pacientes
(250 niflos y 250 niflas) con edades comprendidas entre los 9-16 afios, rango de
edad similar al resto de los estudios®-4?. El método mas empleado para analizar
la maduracion ésea en las vértebra cervicales en las investigaciones®3%42 que
hemos incluido en nuestra revision fue el propuesto por Baccetti y cols.?®. En
cambio, para evaluar la radiografia de mufieca, observamos gran variabilidad en
los métodos empleados, a pesar de esto, el método que mas utilizado

frecuentemente fue el de Fishman?®.

Hoseini y cols.®® agregaron que el método de radiografia de vértebras
cervicales, ademas de tener una buena relacion con la determinacion de la
maduracion Osea, puede ser de gran ayuda para determinar el crecimiento

mandibular.

Algunos autores3>3¢ concluyeron que los métodos que se emplean en la
radiografia lateral de craneo podrian suplantar a los que emplean la radiografia
de mufieca ya que, ademas de dar la misma informacion que los segundos,
minimizaban la radiacion recibida por el paciente. Esta conclusion es
cuestionada por autores como Szemraj y cols.*’ y Ye-Seul y cols.*, ya que en
sus estudios se comenta que el método de radiografia de vértebras cervicales
no tenia una correlacion tan alta para determinar la maduracion 6sea por si sélo,
por lo que consideraban que la radiografia de mufieca era necesaria para
confirmar la informacién dada por el MRVC. Patil y cols.*? agregan que de igual
manera, ninguno de estos 2 métodos es fiable para determinar la edad
cronoldgica, idea con la cual concuerdan Hoseini y cols.%¢, ya que comentan que
ambos métodos podrian variar por factores como el medioambiente, la etnia y el

S€eXO0.
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B. Analisis de métodos diagnoésticos vy zonas anatbmicas para evaluar la

maduracion 6sea

Afos mas tarde, luego de observarse que las vértebras cervicales daban
una informacion del desarrollo 6seo muy parecido al de las estructuras de mano-
mufieca, algunos investigadores decidieron buscar esta misma informacién en

otras zonas 6sea como lo son rodillas, claviculas y cabeza del fémur.

El estudio méas reciente del método RTW fue en el 2018, realizado por
Tang y cols.*, quienes estudiaron una muestra de 279 nifios y 224 nifias de
edades comprendidas entre 6-16 afios, a esta poblacién se le realizé una
radiografia de su mano-mufieca no dominante y una radiografia de cada una de
las rodillas, utilizando los grados descritos por Roche y cols.?%3! junto con el
método de O’Connor y cols.?? utilizada en la radiografia de rodilla. Concluyeron
que el método de rodilla de O’Connor y cols.®? se encontraba mas adelantado
gue los resultados dados por método de radiografia de mufieca en cuanto a la

edad cronoldgica y edad Osea.

Por otro lado, de Tobel y cols.* estudiaron otro de los métodos mas
recientes, el cual se basa en estudiar la clavicula para determinar la maduracién
a través de la resonancia magnética de los 4 terceros molares, de la mufieca
izquierda y de ambas claviculas. Utilizaron una poblacion de ambos sexos, de
nifios y niflas y tomaron en consideracion su edad de maduracion sexual. Se
concluyé que la combinacion de las zonas anatomicas de terceros molares,
mufieca y claviculas causaba una disminucion en el error de los resultados
dados, a diferencia de cuando se estudia cada zona anatémica individualmente.

No hubo diferencias en los resultados al afadir la informacién de maduracién
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sexual. Se concluye que la estimacion multifactorial de 2 o mas estructuras
anatémicas mejoran cuando los datos de resonancia magnética multifactorial se
incorporan.* No se encontraron mas estudios de alto impacto sobre esta zona

anatomica para que sea nombrada.

La cresta iliaca y la cabeza del fémur son estructuras recientemente
estudiadas y por ende no se encontraron estudios de comprobacion ni

comparacién para que sean nombrados en este trabajo.

Las radiografias de estructuras como rodillas y claviculas, no son
consideradas como una alternativa que pudiera suplantar la radiografia de
mufieca, pese a que han seguido los estudios para comprobar si usando
programas digitales se podria mejorar la exactitud de este método!’. Los
estudios realizados en la cresta iliaca y cabeza del fémur no tuvieron resultados
concluyentes. Las investigaciones mas actuales estan orientadas a conocer si
se puede utilizar con exactitud la evolucidon de la parte cartilaginosa de la cresta
iliaca, la apdfisis iliaca, dando buenos y prometedores resultados, aunque aun
guede por investigar acerca del tema. De igual manera, los estudios realizados
en otras zonas anatémicas tienen que seguir siendo estudiados, desarrollados y

comparados para poder obtener mas informacion.®1?

Aparte de las radiografias se ha intentado visualizar las diferentes
estructuras anatomicas a travées de métodos mas innovadores como la
tomografia computarizada y la resonancia magnética. En el estudio de Bo-Ram
y cols.*® se realiz6 una comparacion para saber la estimacion de la maduracion
O6sea mediante CBCT, resonancia magnética y radiografia de vértebras

cervicales. En este estudio utilizaron a 47 nifios y 57 niflas en edades
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comprendidas entre 5 a 18 afios que no tuvieran ninguna patologia; basaron sus
investigaciones principalmente en el método radiogréafico de vértebras cervicales
de Baccetti y cols.?, aunque utilizaron el método de Fishman?®® para las
radiografia de mufieca y realizar la comparacion de igual manera, y agregaron el
método QCVM de Chen y cols.?’. El estudio de Bo-Ram y cols.*® concluyé que
el uso del CBCT era un método util para poder observar con mayor claridad y
detalle las estructuras 6seas, como las vértebras cervicales y que el QCVM era
un método que tenia una alta relacion al comprarlo con el método de radiografia
de vértebras cervicales, principalmente en la segunda vértebra. Un estudio
similar fue realizado en el 2020, por Tekin y cols.*, quienes estudiaron la
comparacion para determinar la maduracion 0sea a través de radiografia de
mufieca y de vértebras cervicales y CBCT de vértebras cervicales. En el estudio
de Tekin y cols.*¢ se utiliz6 una muestra de 105 pacientes de ambos sexos. Los
métodos estudiados para la mufieca fue el de Greulich y Pyle'® y para las
vértebras cervicales el de Hassel y Farman?. En este estudio se concluye que
los estadios de vértebras cervicales concuerdan en un porcentaje alto, menos el
CVM 3 y CVM 4 que se encuentran por debajo del 45% de similitud, mientras
gue el CVM 1 tiene 100% de similitud con el método de la radiografia de mufieca
y el CBCT de vértebras cervicales. Consideran que los métodos utilizados para
evaluar las vértebras cervicales y las mufiecas fueron adecuados y tenian gran
similitud entre ellas, agregan que no se confirma que pueda dar los mismos

resultados con métodos de otros autores para determinar maduracién osea.
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C. Fiabilidad de los diferentes métodos de analisis de la maduracion 6sea

mediante la observacion de las vértebras cervicales

Varios autores como Lamparski??, Hassel y Farman?4, Baccetti y cols.?® y
Chen y cols.?, realizaron diferentes estudios para analizar la asociacion de
vértebras cervicales con la maduracion ésea en pacientes pediatricos, cada uno
de acuerdo a su método. En el estudio realizado por Camacho-Basallo y cols.*’,
en el 2016, compara 2 métodos distintos de radiografia de vértebras cervicales,
el método de Hassel y Farman?* y el método de Baccetti y cols.?>, inclinandose
mas a utilizar el método de Baccetti y cols.?®, el cual finalmente seleccionaron
para su estudio, ya que comentan que, pese a que el método de Hassel y
Farman?* esta perfectamente planteado, Baccetti y cols.?® fusionan 2 de las
etapas descritas por Hassel y Farman?* transformandola en una sola etapa,
haciendo que sean menos radiografias y etapas las cuales hay que observar.
Por otro lado, Alvarado-Torres y cols.®, quienes realizaron en el 2016 una
comparacion entre el método de Lamparski?? y Baccetti y cols.?®, utilizaron una
muestra de 298 pacientes sanos de ambos sexos de 8 a 15 afios, de los cuales
ordenaron por edad y género, resultando grupos de 20 personas de cada género
entre las edades de 10-15 afos. El objetivo era saber qué método era el mas
facil y fiable de utilizar para la determinacion de maduracion 6sea mediante
vértebras cervicales. Las radiografias de vértebras cervicales fueron utilizadas
para ambos métodos??2°. Para esta investigacion el método de Lamparski?? es

el método mas fiable comparado al método de Baccetti y cols.?®

Los trabajos realizados por Vaida y cols.*® y Constela® pese a que no
realizaron una comparacién exacta entre 2 métodos de vértebras cervicales sino

con radiografia de mufieca o con la radiografia de la falange del tercer dedo,
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describen que optaron por realizar la comparacién de sus estudios con el método
de Baccetti y cols.?®, ya que consideran que tiene una mayor comprobacion de
validez que otros MRVC. Asi también se puede demostrar en otros estudios®®-
3842 los cuales tienen como comin denominador que utilizaron el método de

Baccetti y cols.?® para realizar sus propias comparaciones.
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5. Conclusiones

1. Al comprobar la radiografia de mufieca con la radiografia de vértebras
cervicales se puede concluir que el método mas eficaz para analizar la
maduracion 6sea es mediante el método radiografico de vértebras
cervicales, pero el método de radiografia de mufieca puede ser un
buen método de confirmacion. Sin embargo, en este caso fue
complicado conseguir estudios que hubiesen utilizado los mismos
métodos tanto para radiografia de mufieca como para las vértebras
cervicales.

2. Los métodos diagnosticos estudiados como  tomografia
computarizada, CBCT y resonancia magnética dan una mejor calidad
de imagen, pero necesitan de mas investigacion y sus propios
indicadores de crecimiento. Por otro lado, de todas las estructuras
estudiadas en este trabajo, la radiografia de rodilla puede ser una
buena opcién como método complementario a la radiografia de
mufieca o radiografia lateral de craneo. Los resultados multifactoriales
disminuyen el error de la estimacion de maduracion ésea. Ninguno de
estos métodos podria suplantar los métodos de estimacién de
radiografia de mufieca y la radiografia lateral de craneo.

3. El método mas fiable para determinar la maduracion 6sea en pacientes
en crecimiento mediante vértebras cervicales es el método de Baccetti

y cols., ya se ha comprobado ampliamente su validez y eficacia.

56



Responsabilidad Social

1)

2)

3)

Sostenibilidad econémica: La sostenibilidad econdémica se ve influida ya

gue se realizan menos radiografias a los pacientes, porque con una sola
radiografia se puede estudiar o analizar el desarrollo 6seo y la cantidad
de costo invertido en mas radiografias disminuye o desaparece. El saber
analizar y poder estudiar el desarrollo o maduracion 6sea influye de
manera positiva a los tratamientos, ya que gracias a esto se podria
disminuir la cantidad de citas porque podemos realizar correctos
diagnosticos para hacer tratamientos en momentos idéneos y asi
disminuimos la cantidad de inversion monetaria de los pacientes en las
citas.

Sostenibilidad medioambiental: EI medioambiente ha sido una parte

importante para los estudios de este trabajo, porque se esta intentando
una manera de reducir la cantidad de radiaciones emitidas por las
radiografias, sustituyéndolas por métodos como la resonancia magnética.

Sostenibilidad social: Facilitaria la manera de conocer la edad de

personas indocumentadas que llegan al pais. Ayuda a mejorar la precision
de los tratamientos, ya que estos tendrian un resultado mas exitoso que
cuando no se analiza la maduracién 6seay se trabaja de manera aleatoria

sin tomar en consideracion el desarrollo 6seo de los pacientes pediatricos.
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Abstract. The aim 15 to examine the existing methods of determine biological age of the children and choose the
most affordable for the population. Research materials and methods: theoretical analysis and generalization of
literary sources. Reswlts: The article presents a comparative analysis variety methods for determining the
biological age. The qualitative component ratio of the body structure without its total volume and weight of body
weight is the most effective method of determining the quality indicators of biological age. Conclusions: The
main indicator of the biological age should be considered as a function of weight formation {weight) of the body
that is associated in meaning with average population values.

Keywords: physical education, physical development, biological age, chronolegical age, types of

o

Introduction. The problem of individualization of physical education presumes first of all an account of age-
specific habits of the developing organism. The traditional approach of an account of age-specific rates of
physical growth and development is based on the average screeming survey indexes of basic signs of
differentiation and maturation of the certain systems of the orgamism. Such criteria are: skeletal age, dental age,
the age reached by the shape of the body, secondary sexual characteristics chronological age and some others.

A significant drawback of this approach in the determination of the biological age is chronological
inconsistence of these indicators for a single person. The choice of statistical indexes on the marked signs of
biological age enables to create a model of an coincident chronological and biological age of the personal growth
that satisfy the reguirements. However in real terms in the criteria of biological development there 15 no
coincidence with a chronological model of normal physical development. Taking into account an importance: of
problem solving, there were conducted an analysis of the scientific literature on this issue, an analysis of the
statistical data of the examined contingent, the development of theory for building indicative semantic spaces
with an introduced measure of their elements closeness, on the basis of what was installed a unified model that
reflects the structure relations of the signs which characterize the biological age .

The aim is to examine the existing methods of determine biological age of the children and choose the
muost affordable for the population.

Research materials and methods:

The following methods of the rescarches were defined for the solubon of objectives: analysis of
scientific hterature; method of analoges; method of natural expeniment; method of the ordered submission of
empincal data in semantic sign spaces with the entered umform measure of therr companson; method of
mathematical modeling in tolerant spaces.

Resulis.

In construction of the healthy lifestyle system the natonal system of physical education 15 one of the
main components, which should be based on the results of a permanent monitonng of physical population
development, it"s physical readiness and physical state [5].

Current stage of construction of the physical education system mmplies obligatory systematic monitoring
of physical development and the features of its individual manifestations, which determine the necessary and
sufficient level of the physical readiness. This requires for one's turn the development of tools and methods to
ensure the physical load for each physical development age level, which arsenal should meet the necessary
requirements that are determined by the individual physical development charactenstics [10; 16; 19].
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Aplicacion del método de Moorrees, Fanning y

Alvarado, 2019. Revista Cienkifica del SEF Vol. 2, pp. 52-61
=) hitpeilsep.usac. i hirevista

Hunt

modificado por Smith (1991) para predecir la edad cronolégica
en subadultos con fines antropoldgicos y forenses

Jimmy Kenny Alvarado Cardona

Universiclad de San Carlos de Guatemala
Facultad de Odontologia

Departamento de Postgrado
1 INTRODUCCION

varios parametros como lo son talla edad, sexo y etnia

dientes son las estructuras del cuerpo mas resistentes

a cambios extrinsecos como golpes, cambios briscos de

temperatura, descomposicidn, atague de agentes quimicos

entre otros, lo cual los hace una fuente de informacion
valiosa para la imvestigacion odontologica y forense.

I a identificacion humana con fines forenses conlleva

H presente ariculo tomd la edad como objeto de
estudio, utilizando el método Moorrees, Fanning y Hunt
(MFH) modificado por Smith (1991), para predecir la edad
cronologica (EC) en base ala edad dental (ED), utilizando para
ello datos preestablecidos por el autor y clasificado en tablas
de estadios de maduracion dental para las 8 piezas dentales
inferiores permanentes del lado izquierdo, utilizando para
este estudio B9 radiografias panorimicas de personas que
aistieron al Centro Radioldgico y Maxilofacial de la cabecera
departamental de Huehuetenango - Guatemala, de ambos
sexns (48 hombres y 91 mujeres) en edades comprendidas
entre 5 a 20.9 anos.

& JUSTIFICACION

n Guaternala aun no existen estudios para predecir la

edad cronoldgica a partic de la edad dental, por lo gue

es necesario establecer un método efectivo, fadl de
aplicar, reproducible, econdmico y sobre todo gue brinde
datos confiables y con un margen de error minimo para la
prediccidn de la edad en subadultos con fines forenses.

EH método MAH, modificacion Smith (1991) se considera
altamente efectivo debido a gue es mas especifico que otros,
ya que cuenta para su estudio con 14 estadios de desamolio
dental, los cuales deben ser obsenados en radiografia
panormica o periapical, comparado con los B estadios del
Demirjian y los 11 de Nolla

WHemsuamenniﬁca del SEP ~ISSN en ine: 2107:2908, ISSN impresc: 2523621
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1. OBETIVOS

= Determinar la efectividad del método MAH
modificacian Smith para la prediceian de la
edad cronologica con fines  antropalogicos v
forenses en  poblacion  guatemalteca de la
cabecera  departamental de  Huehuetenango
gue asisten al Centro Radioldgico y Maxilofacial.

- Establecer las edades por rangos en las cuales es
mds efectivo la aplicacion del método MFH,
modificacion Smith para la pobladon objeto de
estudio por género.

- Establecer la  cantidad de piezas  dentales
necesarias para que sea mas eficiente la presente
metodobkogia por génermo.

- Establecer el género en el cual es mids efectivo la
aplicacion del método MAH modificacion Smith
para la poblacion objeto de estudio.

- Establecer la variabilidad y margen de emor que
podemos encontrar al aplicar esta metodologia
a la poblacion objeto de estudio.

4. PLANTEAMIENTO DEL PROBLEMA

Cuatemala en la actualidad no cuenta con estudios
sobre odontologia forense con fines de identificacion. La
prediccion de la edad cronoldgica es uno de los factores mis
importante de la cuarteta basica de identificacion humana
(edad, sexo, etnia v talla) por ko que es necesario establecer
parimetros v valores ceferos gue permitan aplicardos a la
poblacion guatemalteca,

La ausencia de dichos estudios ha hecho que utilicemos
paramentos extranjeros lo cual es muy varable va que,
dependiendo  del clima, culiura, habitos  alimenticios,
eviolucion, nivel y desarmollo sociocultural y sodioeconomico

htips://doLorg/10.36958/sep.v2i0L19



A STUDY OF THE RELATIONSHIP BETWEEN TOOTH ERUPTION
AGE, SKELETAL DEVELOPMENT AGE, AND CHRONOLOGICAL
AGE IN SIXTY-ONE ATLANTA CHILDREN

Frank F. Lamoxs, D.D.S. axp Steeneny W. Gray, Pr.D., Atoanta, Ga.

ATCHING a child grow has always heen a source of interest to human

beings. To each watcher, at some time, has come the question: “Is this
child growing normally 1 Gross deleels, of course, are readily apparent,
although their earliest onset may be far from obvious. It is the smaller
deviations from normal growth patterns, however, that are hy far the more
usnal and it is among these that the problems of the orthodontist lie.

It is a natural assumption that skeletal growth has an underlying sym-
metry and that skeletal development in one part of the body should hear
some relationship to development in another part, That this is the case for
segments of the appendicular skeleton is strongly snggested by the effective
application of Huxley's relative growth equation to many vertebrates, inelund-

ing man.!

pathologie states, such as aeromegaly, and cven congenitally, as in anen-
cephaly,

We know also that this proportionality may be changed in some

Howard,* * working also with Atlania ehildren, was among the first to
eall attention to the importanee of knowledge of a child's general growth pat-
tern when evaluating abnormal jaw development,

We have deseribed elsewhere' the comparison between the growth of
our Atlanta children and the two growth standards under disenssion. Our
girls agreed better with both standards than did our hoys.

In this report we have correlated the hand and tooth development data
of each child with a view to (1) investigating the agreement between the
prowth of two parts of the same body and (2) evaluating the predictive nse.
fulness of the hand plate in orthodontie praetice,

MATERIALS AND METHUDS

We have coneerned ourselves with two well-deseribed indices of growth:
development of dentition and hand and wrist bone development,

Schour and Massler's® chart, ““Development of the Human Dentition,”
distrihuted hy the Ameriean Dental Assoeintion, was nsed to establish de-
velopmental age from full-mouth x-ray films of our subjeets. Greulich and

From the Departments of Orthodontics and Anatomy, Emory Unlversity,
L1l
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Can maturity indicators be used to estimate chronological age

in children?

Moél Cameron

National Centre for Sport and Exercise Medicine, Schood of Sporr, Exercise and Health Sciences, Loughborough University, Loughborough, LK

Abstract

Contaxt: There s widespread concem ower the wse of maturity indicators to estimate
chronalogical age in children.

Objective: To review the definition of maturity indicators, the criteria governing their
identification and use and the problems of their iInterpretation.

Methads: The development of maturity Indicators, the oriterla for their selection and the
relationship of maturity to chronological age Is critically reviewed.

fesults and Conclusions: Maturity indicators are not related to the passage of chronological
time, but to the progression of the Individual from an immature to a mature state. They are
discrete events in a continuous process of a series of processes (g, skeletal, sexual, dental, etc)
that highlight uneven maturation within the individual, the independence of maturational
processes, sexual dimorphism and the relationship of maturity to size. The use of a fimescale of
development causes considerable problems in translating blological maturity into a develop-
mental scale. One “year” of maturational time does not equate to 1 year of chronological time
and, thus, the passage of time determined by developmental rather than temporal landmarks is
both warlable and Inconsistent. Chronological age determination was not the aim of
maturational assessment and, thus, its widespread wse as an age determinant poses

Keywords
Age estimation, children, dertal maturity,
skeletal maturity

Histary
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considerable interpretive challenges.

Introduction

Concern regarding the sccurate determination of chrono-
logical age in children has its roots in the UK immigration
policy of the 1970s. At that time South Asian single women
were being subjected to virgimity testing at Heathrow airport
to venify their claims of entry to the UK for marnage. In
addition, adults bringing children into the country were
required to verify the ages of the children and if they could not
then age assessment techniques were applied (Cameron,
1982). These practices were viewed as abhorrent by many
and, in January 1979, the British Home Secretary announced
that an inguiry. under the Chairmanship of Sir Henry
Yellowlees, wonld be undertaken into the role of port medical
officers and the use of “medical technigues’ in relation to
immigration control. Virgimity testing and the X-raying of
adults and pregnant women were terminated as a result of
public pressure, but X-rays of children to determine their
chronological age continued (White, 1981). Indeed it has
continued to this day, despite forther concems raised 1

Correspondence: Professor Nogl Cameron, Mational Centre for Sport and
Exercise Medweme, School of Spsu:l. Exercise and Health Sciences,
Loughborough University, Epinal Way, Loughborough LE11 3TU, UK.
Tel: +d4 1508 223008, E-mail o.cameron @ lboro.sc.ok

debates in the House of Commons and the House of Lords
(primarily by Enk Lubbock MP, the 5th Baron Avebury) and
the setting up of committees of enguiry which appear to either
not meet or to not arnve at conclusions and recommenda-
tions. Those with the authority to create legal gudelines for
why, when and how chronological age might be estimated
appear to be unaware of the biological relationships between
maturity and chronological age, often treating the former as if
it were equivalent to the latter.

The methods used to derive chronological age were based
on maturty indicators that were assumed to be closely
associated to chronological age. In the 19705 the British
Government relied almost exclusively on the opinion of
“medical advisors” who provided a chronological age based
on data collected during a physical examination of the child.
These data mcluded height, weight, number of teeth. the
appearance of ossification centres in certain bones and the
normality or otherwise of gait, muscolature, skin elasticity and
tone amongst other supposed indicators (Cameron, 1982).
Whilst some of these may be recognised as maturity indictors,
e.g. number of erupted teeth, others are clearly far too
subjective and variable to qualify 25 a maturity indicator, e.g.
skin elasticity. To avoid completely inappropriate use of
biological variables to indicate chronological age it 15 essential
to be very clear about precisely what characteristics define and
identify a maturity indicator and its relationship to age.
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Estimation of child’s biological age based on tooth development

Ana Emilia Ogodescu'*, Elisabeta Bran’, Anca Tudor’, Alexandru Ogodescu’

Abstract: Dental development is relatively independent from other systems maturation. Recent studies have reported
changes in the timing of tooth development for contemporary children comparing to children that lived more than 30 years ago
(secular trend). Detectable variations in the tempo of tooth mineralization and duration of tooth maturation between children from
different geographical regions were reported. Dental age 1s important not only for dental specialists, but also for pediatricians (in
the evaluation of growth and development of healthy children, in pediatric endocrinology, in children with different diseases or
syndromes) and forensic doctors (in order to estimate the age or to identify the child). The aim of our study was to investigate the
regional characteristics of dental maturation in actual Romanian children. We conducted a cross-sectional study on a final sample
of 441 radiographs of patients aged between 5.5 and 14.5 years (218 girls and 223 boys). The dental panoramic radiographs
were scored by two examiners and intra- and inter- examimer calibration was made. We used a dedicated software for easy
scoring, automatic dental age determination and as a database. On average, the Romanian girls showed an overestimation of
0.36 years, meaning 132 days, p=0.129, a = 0.05 and boys an underestimation of 0.04 years, meaning 15 days, p=0.852, a =
0.05. New tables were developed in order to convert dental maturity calculated according to Demirjian method into dental age of
contemporary Romanian children.

Key Words: stages of permanent tooth development, dental age, diagnostic tool, Romantan children sample, digital
imaging technologies

he physiological age ofa person is determined by the degree of maturation of the different tissue

systems [1]. Physiological age can be used to define a child’s progress towards completeness
of development or maturity. Within a tissue system, the sequence of one or more irreversible events
defines maturation, Dental Age is usually based on the maturation of the teeth [2]. This is observed when
we look on a child’s panoramic radiograph (Figure 1, 2).

Children with the same chronological age may show differences in the developmental stages of
different biological systems. Several indices have been developed to determine the developmental stage
of a child for a certain biological system, namely indices for sexual maturity, somatic maturity, skeletal
age, and dental age [3].

1) * Corresponding author: DMD, PhD student, Department of Paedodontics-Orthodontics, School of Dentistry,
University of Medicine and Pharmacy "Victor Babes " Timisoara, Romania, Bd-ul Revolutiei, nr. 9, Timisoara
300754, Phone: +40723330890, e-mail: eogodescu@gmail.com

2) Professor, Dr., DMD, PhD, Department of Paedodontics-Orthodontics, School of Dentistry, University of Medi-
cine and Pharmacy “Victor Babes" Timisoara, Romania

3) Assistant professor, PhD, Department of Medical Informatics and Biostatistics, University of Medicine and
Pharmacy “Victor Babes™ Timisoara, Romania

4) Assistant professor, D, DMD, PhD, Department of Paedodontics-Orthodontics, School of Dentistry, University
of Medicine and Pharmacy “Victor Babes " Timisoara, Romania
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Estimation of Correlation between
Chronological Age, Skeletal Age

and Dental Age in Children:

MAADIHUALI A MACHA", BHARTI LAMEAT, JOOEMD
PRATAF GOWD JAl SHANKAR MARGANA", PRASAD

ABSTRACT

introduation: in the: moden era, identfication and determination
of age is imperative for dversity of reasons that include disputed
birth necords, premahure delveny, legal ssues and for validabon
of birth certificate for school admissions, adoption, marage, job
and immigration. Several growth assessment paameters. like
bone age, dental age and the combination of both have been
appied for difierent population with vanable cutcomes. it has been
‘wel documenied that the chronalogical age does nod necessariy
cormelate with e maturabonal stabus of a chid. Hence, efiors wens
made 1o determine a chid's developmental age by using dertal
aps (calcificabon of teeth) and skeletal age (skeletal maturabion).
‘Alme The present study was aimed to comalate the chronological
age, dental age and skelxtal age in children from Southeastem
region of Andhra Pradesh, india.

Materials amd Methods: Owt of the toctal 900 scresned
children, only 100 subjects between age groups of 6-14 years

INTRODUCTION
Devpioprmaent of pvery individual i iNduenced by vanous faciors ke
genatic, mcil, nuinbonal, homonal, eronmantal and cemabo
condiions |1,2]. According fo Stowart FE and Barber TH the
apge of an indhacdual can bo determined by vanious methods ko
chronoicgical age, bological age. mophologc age, skeivlal age,
dertal age, drumpuberial age, behavoural age, mental age and
sof-concept age [2). Chronoclogical age is the most appament and
pasily delemined developmental age which s smply Sigued fom
chids date of brh, bt s not an acoorale ndeator of skags ol
derenicpment as i wanes fom indsvidual to indhadual [2,3]. Henoa,
efiorts weme made 1o debemine a chid’s developmental age by
ueming dontal age (calofication of tooth| and skolotal age (skoietal
maturation). Dental age can be estmated by using beo principies
lkn footh emengenos and 1ooth caloicabon ol whichi the oo
cakorication slages ane consicensd Mo relabie inckcator than oot
. sinon it is kess infuenced by iocal and systemic fachars
[2-7]. Estrmation of dental age was done based on calofication
stages using Demiian’s mothod. This method is most
accephed becauss of its moiographic and schematic lustrations of
tooth devnioprmaent and simplicity |£,8].
Unmumm.mmmmsmmwmﬂm
stages of cssfication and a dheracienstc pattern of progression of
casification of epiphyssal centres |8 . Fishman LS proposed the use
of ossification conines soen in hand west mdiographs and cerdical
vorebran in teral cophaiogram | 10). Howesr, its usage in pediainc
patients is minimal dus o vanous resons ke radialion eposane,

high oost, huge equipment and the wvisiblity of veriebra [10,11].

Joumnall of Ulinesl srd Desgrosic Nesssci:, 01T Sap, Vol 115 5000 -28008

73

AR HyULAY, BERIDESAR MUTHINIEM

A Cross-sectional Study

with a mean age of 11.3=2.53 for males and 10.77=2.24 for
females were selected for the study. Dental ape was caloulxted
by Demigian method and skeletal age by modified Middie
Pralanx of left hand third finger (MP3) method. Pearson's
and Spearman’s corelation tesis wene done to eshmate the
corelation between chronologoal, dental and skeiotal ages

among study population.

Results: There was a significant positive cormelation between
chronological age, dental age and all stages of MP3 among
males. Similar results wene abserved in females, except for a
nonesignificam moderate comelation betseen chronological
age and dental age in the H stage of tha MIP2 regian.
Conchusion: The results af the present shudy revealed comrelation
with statistical significance (p<0.05} between chranciogical,
dental and skeletal ages among all the subjects (48 makes and
&2 femnales) and females attained maturity sarier than malss in

the presem sbudy population.

Hagg U and Taranger J proposed a method in which ossication of
mickdie: phalans in the MP3 region was described 2= fve stages of
devoiopment ramely MPAF, MPIFE, P3G, MPIH, MP3 11]. Ths
mathod has many advantages cver others such as low radiation
eposLe, high comalation with e sikmabrational stages of corvical
wortebran, no supeimposiion of bones or vanabions in poshure and
na need of special X-ray equipmend. Abdel Khader HW first used
imracral perapical radiograph for assessing the reliabilty of the e
stages of MPE [12]. Later Rajagopal A and Kansad S modified MP3
method by acdding MP3EHI stage [13]. it has been well documented
hat the chronoiojcal agoe does nol neccssanly comaain with tha
matumbonal slahes of a child. Howevor, high comeldons exast
betwenn donkal and skolobal age and these am mons neabie and
precise than chronological age in assessing the deveslopment of an
indridual [14]. Thus, the present shudy was aimed o comelabe the
chmnoiogical age, dontal age and skoietal age in children bebwoen
#-14 years from Southeastern region of Andhra Pradesh, india.

MATERIALS AND METHODDS

In this cmoss-seciional shudyg a okl of 500 patients n the age
rangng from & o 14 years without sow predilection and who
wshed as oulpatients 1o the Depariment of Pasdodonbios and
Preseries Dentistrg, Sibar Insthfe of Dental Soenoss, Gurniue,
inchra Pradesh, india, during December 2010 fo June 2012 wore
mmlmﬁ:mdlmwuﬂhmmﬁm
background beonging to indiz and who requine skoietal maturity
assessmaent for orihodontic evalation wore sslecied for the shady.
Tmmmddﬂmmﬂrgwﬁﬂ1mwmmm
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Abstract

Background: Growth can be one of the most uncertain variations, but understanding the same is very important for diagnosis and treatment planning. Skeletal age and dental age have been used to determing a child's developmental age. Several researchers have
evaluated the association between dental and skeletal maturity with chronolegic age on different population. The purpose of the present study was to find out whether dental age estimation can be replaced for skeletal age estimation in the Dakshina Kannada population.
Methods: Atotal of 104 samples equally distributed among both genders in the age group of 9-14 years were selected. Skeletal age was estimated using hand-wrist radiographs and Fishman's skeletal maturation index and dental age was measured using Demirjian's
method. Results: Spearman's rank-order correlation coefiicients were used to measure the association between the skeletal maturity and dental maturity. The mean ages of male and female samples were determined as 11.89 £ 1.867 years and 12.21 = 1.473 years,
respectively. Chronological age was found to be positively correlated to dental age and skeletal age and found to be statistically significant (7 = 0.01). The correlation between dental age and skeleial age was also found to be statistically significant with £ = 0.001 and
correlation coefiicient of 0.683 and 0.704 for males and females. Conclusion: The present study showed a strong relation between the developmental ages in mixed dentition population; hence, dental age can be considered as a replacement in the study population.

Keywords: Demirjian’s method, dental age, hand-wrist radiograph, skeletal age
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ROENTGEN'S DISCOVERY. 33

usurp the office of the physician, but I do maintain that
a thorough knowledge of the matter under deliberation is
essential to our specialty, and may, at the most unforseen
time, be the means of saving a life—Western Dental
Journal.

ARTICLE X.

ROENTGEN'S DISCOVERY.

HOW IT CAN BE APPLIED TO MEDICINE AND SURGERY,

The New York Medical News prints the following
article by Henry W. Cattell, M. D., demonstrator of
morbid anatomy in the University of Pennsylvania, explain-
ing the application of Roentgen’s discovery to medical
science :

“Roentgen’s weird and wonderful discovery is destined
to enrich medicine with possibly the most valuable diag-
nostic process which recent years have witnessed. Within
a month from Roentgen’s first announcement sufficient
experiments have confirmed the value of his discovery and
have pointed toward applications which, though yet un-
achieved, only await a development of details similar -to
that which converted Daguerre’s slow, faint and uncertain
methods into the instantaneous and brilliant photography
of the present day.

“In brief, Roentgen has discovered that the electrical
current passed through a Ruhmkorff coil and thence to a
Crookes vacum-tube, developes from the cathode an invisi-
ble form of energy having the double property of penetrat-
.. ing certain ordmnarily opaque substances and of affecting
an ordinary photographic plate. Flesh, for instance, is
translucent to these rays, and bone and metal, glass and
graphite are comparatively impervious. On this difference
in penetrability depend the effects which are permanently

3
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THE HEREDITARY NATURE OF VARIATION IN THE OSSIFICATION
OF BONES. By J. W. Pryor. State College of Kentucky, Lexington,
Kentucky.

While investigating the time of the appearance of centers of ossification
in the bones of the human body, I have made the following observations:

First.—The process of oszification is inaungurated much sooner than
hitherto supposed.

Second,—The bones of the female ossify in advance of the male. This
is measured at first by days, then months, then vears.

Third.—The chronological order in which the bones of the carpus are
ossified is different from that formerly supposed.

Fourth.—The bones of the first child, as a rule, ossify sooner than

those of subsequent children of the same parents,
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Indicadores de maduracion esqueletica y dental
Natalia Bernal," Maria Isabel Arias®

Resumen

A través de los afios se han realizado diferentes estudios en donde evalian los indicadores de
maduracion utilizados para determinar el pico de crecimiento esquelético como son: Ia osificacion de
la falange media del tercer dedo, de las vértebras cervicales y la formacion del canino mandibular.
Sin embargo se ha creado una gran controversia entre la existencia o no de una alta correlacion
entre esfos tipos de indicadores de maduracion esquelética y dental, y al mismo tiempo su relacion
con el pico de crecimiento mandibular. El proposito de este articulo es presentar una revision
critica acerca de los diferentes indicadores de maduracion presentados a través en la liferatura.
Palabras Clave: Crecimiento, indicadores de maduracion, etapa puberal, PV.E Pico de velocidad
de estatura, pico de crecimiento mandibular.

Skeletal and dental maturation indicators

Abstract

Different methods such as ossification of mid-falange of the middle finger, ossification of cervical
vertebrae and mandibular canine formation have been sfudied as skeletal maturation indicators.
There is however controversy regarding the correlation between said indicators as well as with peak
mandibular growth. The purpuse of this article is therefore to present a critical review of the literature
on the different type of maturation indicators. Key words: growth, maturation indicators, prepuberty,

peak height velocity, peak mandibular growth.

Introduccion

os términes crecimiento y desarrollo en muchas

ocasiones se utilizan como sindnimos, sin
embargo cada uno de ellos tiene un significado
diferente. Crecimiento se refiere a un incremento de las
dimensiones de la masa corporal. Se da como resultado
de hiperplasia (aumento de cantidad de células) e
hipertrofia (aumento en el tamano de la célula) de los
tejidos del organismo; mientras que el desarrollo es un
proceso en el que ocurren cambios en el tamario y forma
del cuerpo, enla complejidad de las funciones fisiologicas
y en la maduracion bioldgica."?

Crecimiento puberal

Se entiende como pubertad aguel periodo del crecimiento
y desarrollo del ser humano en donde este adquiere |a
capacidad de procrear y pasa de la etapa de la nifiez
para convertirse en adulto. Se dan por lo tanto grandes
cambios en las caracteristicas neuro-endocrinas, que
se fraducen en el desarrollo de los drganos sexuales y
caracteres secundarios en conjunto con el incremento
de la velocidad del crecimiento.’

Es sabido que desde la fecundacion hasta la madurez
plena, el crecimiento se mantiene aungue varando sus
relaciones, donde en las etapas pre o postnatales existen
diferentes ritmos de crecimiento.’

1. Ortodoncista CES.
2. Odontopediatra CES.
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Al analizar la curva de velocidad del crecimiento total se
obsarva que se manifiesta muy rapido en los primeros
meses de vida y disminuye progresivamente, ya que
los incrementos anuales de crecimiento se hacen cada
vez menores. Existe un ligero incremento en la curva de
velocidad, lamado “el brote medio de crecimiento™ el cual
ocurren en algunos nifios entre los 6 y 8 afios de edad.

Posteriormente, de los 13 a 15 afios en hombres y
11 a 14 en mujeres, hay una aceleracion marcada de
crecimiento, llamada “el brote de crecimiento de la
pubertad”, “empujon de |a pubertad” ¢ “pico de velocidad
de estatura (PVE.)", en el que se observa una etapa de
maximo crecimiento denominada “pico de velocidad de
crecimiento (FVC. )=

Se han encontrado diferencias en las edades del
crecimiento puberal entre los dos sexos. Taranger y Hagg®
en 1982 reportaron un estudio longitudinal de la poblacion
sueca encontraron gue en promedio el brote de crecimiento
puberal comenzaba a los diez afios y finalizaba a los 14.8
en mujeres, mientras que en los hombres comenzaba a
los 12.1 y finalizaba a los 17.1 afios. En ambos sexos el
PY.E. ocurrid dos anos después del inicio, a los 12 afos
en las mujeres y a los 14.1 en hombres.



OSSIFICATION OF EPIPHYSIAL CARTILAGES IN
THE HAND

MILO HELLMAN

Besearch Associate in Physical Anthropology, American Museum of Natwral
History, Now York

BIX PLATES (TWELVE FIGURES)

INTRODUCTION

This study was originally undertaken with the object in
view of gaining a more intimate knowledge of the time when
the epiphysial cartilages in the bones of the hand ossify. The
bones of the hand were chosen merely as a matter of con-
venience, because they are readily accessible and easier to
observe than any of the other bones in the skeletal system of
the living. It was thought that, by gaining a clear idea of
the time of ossification of these bones, data would be awvail-
able for comparative studies in the development of other
bones. It soon became evident that the matter was not quite
as simple as thought of at first. The difference in time of
the onset of the process, the manifold ways in which ossifica-
tion takes place, and the variabilify in growth of the bones
themselves added to the complexity of the problem.

It was then realized that, in order to reach a definite goal,
it was necessary, first, to sort out the various phases in which
the process appeared; secondly, to arrange them in the order
of their manifestation, and, lastly, to subject them to measure-
ments on the fime scale of age. By this procedure it was pos-
sible to gain a clearet understanding of the relationship be-
tween the beginning of ossification and the different phases
in which it appears, as well as the hearing of that relation-
ship on the phenomenon as a whole. The following pages,
therefore, present just a record of the observed facts, with
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Correlacion en la determinacién de la edad ésea radiolégica
mediante el método de Greulich y Pyle versus la evaluacién
automatizada utilizando el software BoneXpert

Correlation in radiological bone age determination using the Greulich and Pyle
method versus automated evaluation using BoneXpert software

Georgette Pose Lepe?, Fabidn Villacrés®, Claudio Silva Fuente-Alba®, Stefan Guiloff®

‘Médico Radidlogo Departamento de Imagenes - Clinica Alemana de Santiago
"Residente Programa de Especialidad en Radiologia Facultad de Medsana, Clinica Alemana de Santiago-Universidad del Desarrolio

Recibido e 6 de marzo de 2018; aceptado el 4 de junio de 2018

Resumen Palabras clave:
Edad ésea;

Objetivo: Determinar el grado de correlacién en la valoracién de la edad 6sea radiolégica mediante  Greulich y Pyle;

¢l método de Greulich y Pyle versus la evaluacién automatizada por el programa computacional ~ BoneXpert

BoneXpert® entre los anos 2013-2016. Material y Método: Estudio de correlacion de técnicas diag-

nosticas de 1500 radiografias de carpo para evaluar la edad Gsea, en pacientes menores de 16 ahos

pertenecientes a Clinica Alemana de Santiago. Las radiograffas con evaluacion de la edad 6sea por el

Atlas de Greulich y Pyle (GP) por | de 7 radi6logos pediatras fueron sometidas al programa BoneX-

pert (BE) para la evaluacién automatizada de la edad 6sea. Se tomé 100 casos al azar para un anilisis/

re-andlisis del método BE, para conocer su precisién. Se analizé el nivel de correlacion de las medicio-

nes por coeficiente de correlacion (r de Pearson) y la variabilidad de las mediciones mediante andlisis

de Bland-Altman. Resultados: Se incluyeron 1.493 casos, se excluyeron 7 por falla en técnica de la

radiografia, 922 de sexo femenino (61.8%), mediana de edad cronolégica 9.96 anos y 11.12 anos para

los varones (p 0,001). La correlacion entre la edad 6sea manual GP y la edad ésea automatizada BE

entre los lectores vari6 entre 0,91 y 0,93. El anilisis de Bland-Altman indicé una diferencia promedio

entre la edad 6sea manual y la edad 6sea BE de 0,19 anos (IC 0,13 2 0,25). En el andlisis/re-anilisis de

100 casos al azar mediante BoneXpert, la correlacion fue de 1,0. Conclusién: El anilisis automatizado

mediante BoneXpert permite una evaluacion estandarizada, de baja variabilidad, y alta concordancia.

Abstract Keywords:

Bone age measurement;
Objective: To determine the degree of correlation in the radiological bone age assessment using the ~ Greulich and Pyle;
Greulich and Pyle method versus automated assessment through BoneXpert® software between 2013 BoneXpert
and 2016. Material and Method: Correlation study of diagnostic techniques of 1500 carpal X-rays

Correspandencia:
Fabian Villacres
fabianvikacresdri@gmail com
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Review Article
Bone age assessment methods:
A critical review
Arsalan Manzoor Mughal', Nuzhat Hassan®, Anwar Ahmed?
SUMMARY

The bone age of a child indicates his/her level of biological and structural maturity better than the
chronological age calculated from the date of birth. Radiography of the hand & wrist is the commonest
modality used to calculate bone age. Automated methods for evaluation of hand and wrist radiographs are
also being developed which reduce inter rater variability compared to manual methods. Mon radiation
based technigues of visualizing hand & wrist bones such as ultrasonography for bone age calculation have
been theorized but are not as accurate as radiographic methods. By the age of 18 years, bone age cannot
be computed from hand & wrist radiographs, therefore the medial end of the clavicle is used for bone age
calculation in individuals aged 18—22 years. CT visualization of the clavicle has been extensively studied
but requires a high dose of radiation. MRl based methods are being developed but require more research.
Dental age is an alternate form of bone age determination, which also gives an estimate of skeletal
maturity. The iliac bone and femoral head have also been studied for computation of bone age but no
standardized methods have yet been generated.

As different modalities of bone age estimation provide different results and their applicability differs in
different ethnicities, we need to design studies in order to compare them and select the method best
suited to Pakistani children.

Sources of Data/Study Selection: Recent articles published between years 2004-2013 obtained from
online search engines Pubmed and Google Scholar were used in preparation of this review.

KEY WORDS: Bone Age Measurement, Diagnostic X-Ray Radiology, Ultrasonic Diagnosis, Panoramic
Radicgraphy, Clavicle, llium, Femur Head.

doi: http://dx.doi.org/10.12669/pjms. 301.4295
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INTRODUCTION

Bone age is an indicator of the skeletal and
biological maturity of an individual. This is different
from chronological age, which is calculated using
the date of birth of an individual. Bone age is often
requested by pediatricians and endocrinologists for
comparison with chronological age for diagnosing
dizeases which result in tall or short stature in
children. Serial measurements are also used to
assess the effectiveness of treatments for these
diseases.! Furmulae have also been designed for
computing the final adult height of children from
bone age values in normal healthy children

Calculation of bone age is also employed for
estimation of chronological age in conditions were
accurate birth records are not available. Absent

Pak J Med Sci 2014 Vol 30 No.1  www.pjms.com.pk 211



Radiographic Evaluation of Skeletal Maturation
A Clinically Oriented Method Based on Hand-Wrist Films

Leonarp §, FisHMAN

Dr. Fishman is in the private prac-
tice of orthodontics in Syracuse, N.Y.
He also serves as a Clinical Associate
in the Graduate Department of Ortho-
dontics, Eastman Dental Cenler,
Rochester, New York, and as Director
of the Dental Cleft Palate Program at
the Upstate New York Medical Cen-
ter. He holds a D.D.S. degree from
Temple University School of Dentistry
in Philadelphia, and a Certificate in
Orthodontics from The Eastman Den-
tal Center.

Address:
Dr. Leonard S. Fishman
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Comgponent of the Edward H. Angle
Society in Roston in March, 1981 and
at the Biennial National meeling of
the Angle Sociely ai Durango, Colo-
rado in September, 1981,
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A system for the evaluation of skele-
tal maturity from hand-wrist radio-
graphs is developed and presented
with complete details for implemen-
tation in clinical practice.

The clinical importance of evaluat-
ing skeletal maturation has long been
recognized by the health professions.
Skeletal maturation is an integral part

- of individual patterns of growth and

development, Genetic and acquired
abnormalities often lead to deviations
in maturation. Secular trends are also
evident, with successive generations
becoming taller and reaching puberty
at earlier ages.

Maturational variaiions ave closely
associated with variations in the tim-
ing and magnitude of growth.-510-1
This study deals with the evaluation
of skeletal maturation, and presents a
system for clinical implementation of
such an assessment.

Hand-wrist radiographs have been
used for this purpose in many ways
by many different investigators. The
underlying premise is that the osseous
changes seen in the hand and wrist are
indicators of more general skeletal
changes.

The concept of skeletal or bone age
based on the hand-wrist film has been
developed so that it can be compared
with the individual's chronologic age.

The Angle Orthodontist
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Skeletal Age Assessment Utilizing Cervical Vertebrae

Don G. Lamparski
Muiversity of Pittsburgh School of Dental Medicine, Pittshuragh, Pa.

The purpose of the stndy was to determine whether maturational changes
of the cervieal vertebrae, as recorded on routine lateral cephalometrie radio-
grams, could be used to assess the skeletal age of an individual.

The method of Todd, as followed by Greulich and Pyle, was the best method
of determining standards and assessing skeletal ages: hence, this method was
used ag the basis for the study.

The sample (eross-sectional) was selected from the files of more than 500
patients at the Orthodontie Department in the Sehool of Dental Medicine, A
total of seventy-two girls and sixty-nine boys (considered separately) were used
in the selection of the standards. The sample was limited to Caueasians, and all
subjects with past or present pathoses which could affect the vertebrae were
eliminated.

The ages 10 through 15 were selected, as most orthodontic patients are in
this group and also since most maturational changes ocenr during this period,

To select the standards, a group of lateral eephalometrie films of persons
whose chronologic and skeletal ages were + 6 months from the age under study
were arranged in sequence from the last to the most mature as based on vertebral
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Skeletal maturation evaluation using

cervical vertebrae

Brent Hassel, BA, DDS, MS," and Allan G. Farman, BDS, PhD(odont), Dip ABOMR, EdS, MBA®

Monterey, Calif., and Louisville, Ky.

Lateral cephalometric and left hand-wrist radiographs from the Bolton-Brush Growth Center at Case
Western Reserve University were reviewed a posterior to develop & cervical vertebrae maturation
index (CWMI). By using the lateral profiles of the second, third and fourth cervical vertebras, it was
possible to develop a reliable ranking of patients according to the potential for future adolescent
growth potential. (AM J ORTHOD DENTOFAC ORTHOP 1995:107:58-66.)

Sc)mal maturation characteristics, chron-
ologic age, dental development, height, weight, and
skeletal development are some of the more com-
mon means that have been used to identify stages
of growth. Determination of maturation and sub-
sequent evaluation of growth potential during pre-
adolescence or adolescence is extremely important,
With many orthodontic patients, pubertal growth
needs o be factored into the diagnostic equation.

One important diagnostic tool currently used in
determining whether the pubertal growth has
started, 1s occurring, or has finished is the hand-
wrist radiographic evaluation. Biologic age, skeletal
age, bone age, and skeletal maturation are nearly
synonymous terms used to describe the stages of
maturation of a person. Because of individual
variations on timing, duration and velocity of
growth, skeletal age assessment is essential in for-
mulating viable orthodontic treatment plans.

The primary objective of this study was to
create 4 method of evaluating the skeletal matura-
tion of the orthodontic patient with the cephalo-
metric radiograph that is routinely taken with
pretreatment records. Correlations were made be-
tween cervical vertebrae maturation and the skel-
etal maturation of the hand-wrist.

BACKGROUND

Skeletal maturation refers to the degree of
development of ossification in bone. Size and matu-
ration can vary independently of each other. Skel-
etal maturation is more closely related to sexual
maturity than to stature,””

The views expressed hersin by the authors are not necessarily those of the
Depariment of Defense or the 1.5, Government.

“Lievtenant Colonel, U5, Army Dental Corp, Monterey, Calif.
“Professor of Radiology & Imaging Sciences, University of Louisville
School of Dentistry.
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During growth, every bone goes through a se-
ries of changes that can be seen radiologically. The
sequence of changes is relatively consistent for a
given bone in every person, The timing of the
changes varies because each person has his or her
own biologic clock. There are some exceptions, but
generally speaking, the events are reproducible
enough to provide a basis for comparison between
different persons.””

Many authors have shown that significant cor-
relation exists between facial and statural growth.
Statural growth acceleration generally precedes fa-
cial growth acceleration by 6 to 12 months '

Hand-wrist radiographic evaluation

After Roentgen demonstrated his new radio-
graphic discovery in 1893, Roland, in 1896, intro-
duced the idea of using the comparative size and
shape of the radiographic shadows of growing
bones as indicators of rate of growth and ma-
turity.™

In the early 19%00s, Pryor,” Rotch,* and Cramp-
ton™ began tabulating indicators of maturity on
sequential radiographs of the growing hand and
wrist. Hellman published his observations on the
ossification of epiphysial cartilages of the hand in
1928.%

Todd™ compiled hand-wrist data that was fur-
ther elaborated on by Greulich and Pyle in atlas
form * Flory, in 1936, indicated that the beginning
of calcification of the carpal sesamoid (adductor
sesamoid) was a good guide to determining the
period immediately before puberty.” The appear-
ance of the adductor sesamoid has been highly
correlated to peak height velocity and the start of
the adolescent growth spurt.'"**** Most authors
agree that peak height velocity follows adductor
sesamoid appearance by approximately 1 vear.

Fishman developed a system of hand-wrist skel-
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The Cervical Vertebral Maturation (CVM)
Method for the Assessment of Optimal
Treatment Timing in Dentofacial Orthopedics

Tiziano Baccetti,*! Lorenzo Franchi,*! and James A. McNamara, Jr.t*#%

The present study introduces a further modified version of the Cervical Vertebral Maturation
CVMD method for the detection of the peak in mandibular growth, based on the analysis of the
gsacond through fourth cervical vertebrae in & single cephalogram. The morphology of the
bodies of the second (C2 —odontoid process), third (C3), and fourth (C4) cervical vertebrae
were analyzed in 6 consecutive cephalometric observations (T through Te) of 30 orthodon-
tically untreated subjects. Observations for each subject consisted of two consecutive
cephalograms comprising the interval of mazimum mandibular growth (as assessed by
means of the maximum increment in total mandibular length, Condylion -Gnathion: Co-Gnl,
together with two earlier consecutive cephalograms and two later consecutive cephalo-
grams. The analysis consisted of both visual and cephalometric appraisals of morphological
characteristics of the three cervical wertebrae. The construction of this new modified
version of the CVM method was based on the results of both AMOVA for repeated
measures with post hoc Scheffé's test (P < 0.0%) and discriminant analysis. The new
clinically improved CVM method is comprised of six maturational stages (cervical stage 1
through cervical stage 6, ie, C51 through CS58). CS51 and CS2 are prepeak stages: the peak
in mandibular growth occurs between C53 and CS4. CS6 iz recorded at least 2 years after
thie peak. The use of the CVM method enables the clinician to identify optimal timing for the

treatment of & seres of dentosheletal disharmonies in all three planes of space.
Semin Orthod 11:119-129 & 2005 Elsevier Inc. All rights reserved.

In the organization, differentiation, development, and
growth of any somaric structure, time plays a crucial role in
determining the inal morphological and dimensional result.
In orthodontics and dentofacial omthopedics, it is becoming
increasingly evident that the timing of the treatment onset
may be as critical as the selection of the specific treatment
protocol, as will be discussed below. By beginning a protocol
at the individual patient’s optimal maturational stage, the
most favorable response with the least potential morhidity
can he anticipated.

The issue of optimal timing for dentofacial orthopedics is
linked intimately to the identification of periods of acceler-
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University of Michagan, Ann Arbor, M1

Fachool of Medicine, University of Michigan, Ann Arbor, M1
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ated growth that can contribute significantly vo the correction
of skeletal imbalances in the individual patient. Cephalomet-
ric investigations on longitudinal samples have identifed a
pubertal spurt in mandibular growth that is characterized by
wide individual variations in onset, duration, and rate.' In-
dividual skeletal maturity can be assessed by means of several
hiologic indicators: increase in hody height!-; skeletal mar-
uration of the hand and wriss™"; dental development and
eruption®!112; menarche or voice changes® %, and cervical
vertehral maturation.'** The biologic indicators of skeletal
maturity refer mainly to somatic changes ar pubenty, thus
emphasizing the strict interactions between the development
of the craniofacial region and the modifications in other body
Te o,

The reliability and efficiency of a biologic indicator of skel-
etal maturity can be evaluated with respect to several funda-
mental requisites.!” An “ideal” biclogic indicator of individ-
ual mandibular skeletal maturity should be characterized by
at least five features.

1. Efficacy in detecting the peak in mandibular growth.
The method should present with a definite stage or
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Radiographic Assessment of Skeletal
Maturation Stages for Orthodontic Patients:
Hand-wrist Bones or Cervical Vertebrae?

Eddie Hsiang-Hua Lai,"*? Jen-Pei Liu,* lenny Zwei-Chieng Chang, ™2 Shih-Jaw Teaj 23
Churig-Chen lare Yao, ™3 Mu-Heiung Chen, Yi-Jane Chen,™3%* Chun-Pin Lin®?

Background/Purpose: The skeletal maturation status of a growing patient can influence the selection of
orthodontic treatment procedures. Either lateral cephalometric or hand-wrist radiography can be used to
assess skeletal development. In this study, we examined the comelation between the maturation stages of
cervical vertebrae and hand-wrist bones in Taiwanese individuals.

Methods: The study group consisted of 330 male and 379 female subjects ranging in age from 8 to 18
wears. A total of 709 hand-wrist and 709 lateral cephalometric radiographs were analyzed. Hand-wrist
maturation stages were assessed using National Taiwan University Hospital Skeletal Maturation Index
[WTUH-5MI). Cervical vertebral maturation stages were determined by the latest Cervical Veriebral Maturation
Stage (CVMS) Index. Spearman’s rank correlation was used to comelate the respective maturation stages
assessed from the hand-wrist bones and the cervical venebrae.

Results: The values of Spearman’s rank correlation were 0.910 for males and 0.937 for females, respectively.
These data confirmed a strong and significant correlation between CVMS and NTUH-5MI systems (p < 0,001 ).
After comparison of the mean ages of subjects in different stages of CVMS and NTU-5MI systems, we found
that CVAS [ corresponded to NTUIH-SMI stages 1 and 2, CVMS 11 to BTUH-SMI stage 3, CVMS 11 to NTUH-
SMI stage 4, CVMS IV to NTUH-5MI stage 5, CVMS V o NTUH-5MI stages 6, 7 and 8, and CVMS VI to
NTLIH-5MI stage 9.

Conclusion: Our results indicate that cervical vertebral maturation stages can be used to replace hand-wrist
kone maturation stages for evaluation of skeletal maturity in Taiwanese individuals. [J Formes Med Assoc
2008;107(4):316-325)

Key Words: cervical vertebrae, hand-wrist radiography, lateral cephalometric radiography, skeletal maturation

In orthodontics and demtofacial orthopedics,
the skeletal maturation status of a growing patient
influences the selection and execution of treat-
ment procedures. Favorable onthopedic effects
for patients with mandibular retrognathism only
ocour when the treatment begins at his or her op-
timal maturation stage. Whereas, it 1s recommended

that the best time for correction of mandibular
prognathism is after the completion of mandibular
growth.

Considerable variations in the development
among individuals of the same chronological age

have led to the concept of assessing biological or

physiological matunty. Several biological indicators
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Quantitative cervical vertebral maturation
assessment in adolescents with normal
occlusion: A mixed longitudinal study

Li-Li Chen,® Tian-Min Xu,” Jiu-Hui Jiang,® Xing-Zhong Zhang,® and Jiu-Xiang Lin®
Wuhan and Beifing, China

Introduction: The purpose of this study was to establish a guantitative cervical vertebral maturation (CVM)
system for adolescents with nomal occlusion. Methods: Mixed longitudinal data were used. The subjects
included &7 children and adolescents from & to 18 years old with normal occlusion (32 boys, 55 girls) selected
from 801 candidates. Sequential lateral cephalograms and hand-wrist films were taken once a year for 6
years. The lateral cephalograms of all subjects were divided into 11 maturation groups according to the
Fishman skeletal maturity indicators. The morphologic characteristics of the second. third, and fourth
cervical vertebrae at 11 developmental stages were measured and analyzed. Results: Three charactaristic
parameters (H4Wd, AHIPHS, @2) were selected to determine the classification of CWM. With 3 morphologic
variables, the quantitative CWVM system including 4 maturational stages was established. An equation that can
accurately estimate the maturation of the cervical vertebrae was established: CVWM stage = -4.13 + 3.57 =
H4W4 + 4.07 = AH3/PH3 + 0.03 = &2. Conclusions: The guantitative CWVM method is an efficient, objective,
and relatively simple approach to assess the level of skeletal maturation during adolescence. (Am J Orthod

Dentofacial Orthop 2008;134:720.81-720.87)

one age, as determined by hand-wrist radio-
Bgmphs and the Fishman skeletal maturity indi-

cators (SMI), is a popular and reliable approach
for evaluating skeletal maturation in orthodontie clini-
cal practice.'” However. this method requires a hand-
wrist radiograph. Recently, the use of cervical vertebral
maturation (CVM) has gained increasing interest as a
valid replacement for hand-wrist evaluation*” The
main advantage of the CVM evaluation is that it can be
done with a conventional lateral cephalogram (LCR);
this avoids the extra radiation exposure of a hand-wrist

radiograph.
Evaluation of the maturational stages in the cervical
vertebrae was originally developed by Lamparski® and
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successively implemented by O°Reilly and Yanniello”
and Baccetti et al."" Nevertheless, almost all previous
classifications with cervical vertebrae either used or
referred to the atlas of Lamparski.® Compared with the
hand-wrist evaluation, the cervical vertebrae have few
indicators of skeletal maturity. The special signs of
morphologic changes during growth are not as unigue
and identifiable as those of the hand and wrist, so that
it is subjective and more difficult to evaluate the CVM
by an atlas such as the hand-wrist radiograh. However,
the shape and size of the vertebral bodies are relatively
similar and regular, so it is feasible to evaluate skeletal
maturation qualitatively and quantitatively by measur-
ing parameters of the vertebral bodies.

To make the CVM analysis easier and more appli-
cable to most patients, the following improvements will
be needed: (1) uwse fewer vertebral bodies and more
sensitive parameters to perform the staging, and the
parameters should be only in the cervical vertebrae
(C2-C4) that can be seen when the patient wears a
protective radiation collar; and (2) avoid estimating the
stages based on a comparative assessment of between-
stage changes, and each stage should be identified
easily in 1 cephalogram.

This study was conducted to accomplish these objec-
tives. We established a quantitative CVM (QCVM) sys-
tem. Every period of the QCVM has its definitive quan-
titative standard so that the skeletal maturation level can
be evaluated both qualitatively and quantitatively.

T20.e1



Maturation indicators and the pubertal

growth spurt

Urban Hagg, D.D.S., Odont. Dr.,* and John Taranger, Dr. Med.**

Malmo and Goteborg, Sweden

The pubertal growth spurt and dental, skeletal, and pubertal development have been investigated in a prospective
longitudinal study of 212 randomly selected Swedish children by means of maturation level indicators suitable for
use in cinical orthodontics. The sample was examined from birth 1o adulthood and included a representative
proportion of early-, average-, and iale-malturing subjects. The number of dropouts and missng examnations was
low and was allowed for in the statistical analysis. The results may therefore be considerad representative for
Swedish children. There was a 2-year sex difference in age at the beginning, peak, and end of the pubertal
growth spurt in standing height. The Individual variation was about 6 years at each event in both sexes. Dental
development In relation to the pubertal growth spurt was more advanced in boys than in girls, but the individual
variation was great in both sexes. Skeletal development at the beginning and peak was more advanced in giris
than in boys, whereas at the end of the pubertal growth spurt the skeletal development was more advanced in
boys. Dental development, determined by mews of dental enesgence slages (DES), was ol uselul as an
indicator of the pubertal growth spurt. The peak and end—but not the beginning—of the pubertal growth spurt
enuld be assassed by means of indicators taken from the skeletal development of the hand and wrist and the

pubertal development (menarche and voice change).

Key words: Orthodontics, maturity indicator, pubertal growth spurt, dental development, skeletal

development, pubertal development

E very skeletal and muscular dimension
seems to be involved in the pubertal growth spurt.’ The
pubertal growth spurt is considered to be an advanta-
geous period for certain types of orthodontic treatment
and should be taken into account in connection with
orthodontic treatment planning.*?

Because of the wide individual variation in the tim-
ing of the pubertal growth spurt, chronologic age can-
not be used in the evaluation of pubertal growth, Many
studies have shown a strong correlation between the
peak of facial growth and peak height velocity ® **
Longitudinal records of height can therefore be used for
evaluation of the facial growth rate during puberty. In
the clinical context, longitudinal growth records of
height are seldom available. Even with adequate rec-
ords, it may be difficult to locate the pubertal growth
spurt before it is passed, since the increase in growth
rate is often too small, especially in many girls, to be
clinically discernible. Most of the time the clinician
must base his judgment on a single examination and,
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therefore, determine the status of the individual by
cross-sectional evaluation alone.

Stature is not an indicator of maturity. Thus, addi-
tional information is necessary to estimate the matura-
tion level of the individual. Such information can be
obtained from the dental, skeletal, and pubertal devel-
opment. By comparing with standards for age and sex,
it is possible to assess whether the development of the
individual is average, accelerated, or retarded. In orth-
odontics it is more relevant to evaluate the individual's
maturation in relation to his or her own pubertal growth
spurt. This presupposes knowledge of relationships in
time between maturation indicators and pubertal
growth events. Suitable maturation indicators for clini-
cal orthodontics have been devised,'”'* and the asso-
ciations between these indicators and the peak of
growth have been reported ' 12-1¥

In samples that have not been followed during a
sufficiently long period, especially early and/or late
maturers are likely to be underrepresented. Further-
more, in any longitudinal study a substantial number of
dropouts is inevitable. Since the dropout rate increases
with time, the proportion of early, average, and late
maturers in whom the growth cvents and maturation
indicators are determined is very likely to be biased. As
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ASSESSING
THE SKELETAL MATURITY
OF THE
HAND-WRIST: FELS METHOD
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ORIGINAL COMMUNICATION

Clinical Anatomy 00:000-000 {2012}

Epiphyseal Maturity Indicators at the Knee and
Their Relationship to Chronological Age: Results
of an Irish Population Study

JEAN E. O'CONNOR,** JOSEPH COYLE,” LIAM D. SPENCE,” anp JASON LAST!

LueD Sehool of Medicine and Medical Science, Dublin, Ireland
*pivision of Radiology, Cork University Hospital, Cork, Ireland

Skeletal maturation is divisible to three main components; the time of appear-
ance of an ossification center, its change in morphology and time of fusion to a
primary ossification center. With regard to the knee, the intermediate period
between appearance and fusion of the ossification centers extends over a pe-
riod of greater than 10 years. This study aims to investigate radiographically
the age at which morphological changes of the epiphyses at the knee occur in
a modern Irish population. Radiographs of 221 subjects (137 males; 84
females) aged 9-19 years were examined. Seven nonmetric indicators of ma-
turity were assessed using criteria modified from the Roche, Wainer, and This-
sen method and Pyle and Hoerr's atlas of the knee. Reference charts are pre-
sented which display the timeline for each of the grades of development of the
seven indicators. Mean age was found to increase significantly with successive
grades of development of each of the seven indicators. A significant difference
was noted between males and females at the same grade of development for
six of the seven indicators. The narrowest age range reported for a single
grade of development was 2.2 years for Grade 2 of development of the
tibial tuberosity for males. The information on changing morphology of the
epiphyses at the knee in the present study may provide an adjunct to
methods used for evaluation of skeletal maturity before surgery for orthopedic
disorders or to evaluate skeletal age in clinical scenarios where either delayed
or precocious skeletal maturation is suspected. Clin. Anat. 00:000-000,
2012, ©2012 Wiley Penodicals, lnc.

Key words: skeletal maturation; epiphysis; knee; radiographs; age estimation;
orthopedics

INTRODUCTION

There are three processes during the continuum of
skeletal maturation from the immature state to the
mature state, which are useful for age estimation.
First, numerous studies record the time of appearance
of ossification centers which in most cases follow a
set schedule and sequence (Pryor, 1925; Francis,
1940; Buehl and Pyle, 1942; Lurie et al., 1943; Pyle
and Sontag, 1943; Greulich and Pyle, 1959; Garn and
Rohmann, 1960; Roche, 1970). Second, from the
time of appearance of a secondary ossification center
to the time at which it becomes fused to a primary
center, to produce what we know as the adult form of

02012 Wiley Periodicals, Inc.
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a bone, the center undergoes a number of morpho-
logical changes. Third, the time at which the epiphysis
fuses to the diaphysis s also well documented
(McKern and Stewart, 1957; Albert and Maples,
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Assessment of skeletal maturation based on
cervical vertebrae in CBCT

Evaluation de la maturation squelettique a I'aide

des vertebres cervicales et par CBCT
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Room 3-524, Edmonton Clinic Health Academy, Department of Dentistry, University of
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Summary

Diagnosis of skeletal age in adolescents helps orthodontists
select and time treatments. Currently this is done using lateral
cephalometric radiographs. This study evaluates the applica-
tion of the conventional method in cone-beam computer tomo-
graphic (CBCT) images to bring forth assessment of skeletal
maturation in three-dimensions. Ninety-eight lateral cephalo-
metric radiographs and CBCT scans sere collected from ortho-
dontic patients between 11 to 17 years of age over an 18-month
period. CBCT scans were examined in seven sagittal slices hased
on cervical vertebral maturation staging (CYMS). Collected
CVMS values swere compared with those from corresponding
lateral cephalometric radiograph. CYMS measured from
CBCT and lateral cephalometric radiographs were the same
on average. However, they were not consistent with each other
and scored interclass correlation coefficient of 0.155 in validity
test. Interaperator reliability was sweak (0.581 ). Adaptation of
cervical vertebrae maturation staging in CBCT requires further
clarifications or modifications to become consistent with lateral
cephalometric examinations and to become a reliable method.
Alternatively. a completely new method may be developed con-
sisting of matwrational indicators or landmarks unique to
CBCT imaging.

© 2012 CEQ. Published by Elsevier Masson SAS. All rights

reserved
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Résume

Le diagnostic de I'age squelettiqgue permet aux orthodontistes
de mieux choisir et programmer leurs traitements. A lheure
actuells, ce diagnostic est basé sur des radiographies
céphalométriques latérales. Cette étude évalue I'utiisation
de la méthode conventionnefle en tomographie volumigue
d faisceau conique (CBCT) pour produire des images permet-
tant 'évaluation tridimensionnelle de la maturation squelet-
tique. Quatre-vingt-dix-huit radiographies céphalométriques
et scanners CBCT ont é1é réalisés sur des patients orthodon-
tiques agés de 11 d 17 ans durant une période de 18 mois.
Des scanners CBCT ont été analysés en sept coupes sagit-
tales d l'aide du systéme de stadification de la maturation des
vertébres cervicales (CVMS). Les valeurs CVMS recueillies
ont été compardes aux valeurs correspondantes oblenues
par radiographie céphalométrique latérale. Les moyennes
des stades CVMS mesurés par CBCT et par radiographie
céphalométrique latérale étaient les mémes. Cependant, il
n'y avait pas de cohérence parfaite entre les deux systémes
et un test de validité a montré un coefficient de corrélation
interclasses de 0,155. La fiabilité interopérateur était faible
(0,581). L'adaptation du systéme de stadification de la
maturation squelettique & partir des vertébres cervicales a
besoin d'étre clarifiée ou modifiée afin de permetire une cor-
respondance exacte avec les examens réalisés par
céphalométrie latérale et de fournir une méthode fiable.
Autrement, on pouwrrait envisager la mise au point d'une
méthode totalement originale spécifique d l'imagene CBCT
basée sur des indicateurs ou repéres de maturnité.

© 2012 CEO. Edité par Elsevier Masson SAS. Tous droits
reserves
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Abstract

This study proposes an accurate method in assessing chronological age of the adolescents using a machine leaming approach
using MRI images. We also examined the value of MRI with Tanner-Whitchouse 3 (TW3) method in assessing skeletal maturity.
Seventy-nine 12-17-vear-old healthy Hong Kong Chinese adolescents were recruited. The left hand and wrist region were
scanned by a dedicated skebetal MR scanner. Tl-weighted three-dimensional coronal view images for the left hand and wrist
region were acquired. Independent maturity indicators such as subject body height, body weight, bone mamow composition
intensity quantified by MRI, and TW3 skeletal age were included for artificial neural network (ANN) analysis. Our results
indicated that the skeletal age was generally underestimated wsing TW3 method, and significant difference (p < 0L05) was noted
for skeletal age with chronological age for female category and at later stage of adolescence (15 to 17 years old) in both genders.
In our proposed machine leaming approach, ages determined by ANN method agreed well with chronological age (p = 0L05).The
machine leaming approach using ANN method was about 10-fiold more accurate than the TW3 method using MR alone. It offers
a more ohjective and accurate solution for prospective chronological maturity assessment for adolescents.

Keywords Skeletal matunty - Chronological age - Machine leaming - Magnetic resonance imaging - Artificial neural networks

Introduction chronological age determination based on physiological pa-

ramcters is guaranteed. Recent studies indicated that magnetic

Age determination of children is essential in clinical consid-
crations in areas such as pediatncs, orthodontics. forensic soi-
ences, and anthropology [1-3]. On the other hand. genetic,
hormonal, racial. environmental, and nuintional differences
may lead to an inconsistency between the chronological age
of young individuals and their physiological matunty [4].
Furthermore, in age-related tournaments for young adults
and adolescents, it 1s important to guarantee fair play for dif-
ferent age groups. However, in cases where there 15 no accu-
rate birth registration recond of the participating players. reli-
able age estimation is critical. Furthermore, growth rate

changes of adolescents can be well monitored if a reliable

[ Fuk Hay Tamg
haytag G gL oom

U Sehool of Medical and Heahh Sciences, Tung Wak College, 31 Wylie
Rad, Homantm, Kowloon, Hong Kong

Department of Health Technobogy and Informatics, The Hong Kong
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resonance imaging (MRI) of the skeletal matunity alone was
not related to chronological age and was not recommended for
age determination for young athletes [1, 2]. It seems that other
parameters may need to be included for a more sccurate age
determination in addition to imaging of bony features.

The traditional studies of skeletal age determination by
using either the Greulich and Pyle (GF) or the Tanner-
Whitchouse (TW) method [5] where the lett hand and wnist
X-ray images of the subject were taken involved ionizing
rediation. The MR is radiation free, and it renders an excellent
contrast of anatomical features with high reproducibility
[6-%]. When radiation is a concern for children screening
without clinical indications, it offers a good solution for pro-
spective study of skeletal maturity [6]. On the other hand, the
artificial neural network (ANN) method was one of the ma-
chine leaming techniques and has been used for simulating the
role of radiologists for assessing the bone maturty through
extensive traming. Wikipedia indicated that “Artificial neural
networks (AMMs)..._are systems inspired by the biological
neural networks that constitute amimal brains. Such systems
learn (progressively improve performance on) tasks by

£) Springer
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Correlation between chronological age, cervical vertebral maturation
and Fishman's skeletal maturity indicators in Chennai population
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Introduction

Growth events and maturational status have a considerable
influence on 15, Lreatment Fla.ru'l.i.ng and outcome of
orthodontic treatment. Although growth events usually proceed in
a lairly predictable sequence, their tming & quite varable among
imaliidial children. The Jn.-'l.tlr_-ru'nm'lla] status ol a child s best
estimated relative 1o specific stages of physiologic maurie. These
methods included sexual mamration characteristics™, facial

gmd]\ anal iphit '|.E_|.|:‘n-|:il.'|ei, rﬂ'lmmlr‘inr.ﬁ] %Eil dental
development’, body height™ “ body weight', and hand wrist
l'l'h'll.l.l:l'il'__l".lu.

It has been l’.]l.'\.‘l.l']!. demanstrated that L‘hﬂhuxrluﬁi.r.‘a.l age alomse
provides linle mg]u or walidity for identifying the stages of
developmental progression rl-u-uugh adolescence o adult hood'™
Dunng gruwll'l bomse foes l..l'llul.l.d'l a sﬂmu'r.hamgﬂ that can IH
Pt ml.u‘r]r‘rgud]l}' These events are g«m-:n]]}' reFrLuJ.l.n:'lH.e 1o
Fm'v'ﬂlr_' abasis ﬁ'u':.umlu.r.isr.m between different prersons. The use
chronalogical age in assessing the progres wwands maturity. The
Iu.ru.l-rn"ri.ilr.‘htli:lgra]:lﬁ hunutﬂ‘l]wuide]:rtuulnmﬂuﬂ Lep assess
skeletal age, more specifically 1o assess the peak of growth spurts in
orthodontie dinics ™ TheMP-3 method Fn:rr'ul-ﬂ. information
similar to that of the hand- wrist 1o cvalute the dmﬂ:lu'nmmh]
statusol patients.

The cervical vertebral maturation (CVM) in the lateral
L*f]:lhﬁ]m'mh'ic radi hs had been evaluated for its correlation
t the skeletal matwrity as an alternative to the hand-wrist
radiograph” a3 no extra radiograph is required. The lack of

RGUMS Med Scienoes, April 2018/ Vol « 5 | lssue - 2
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assowiation among maturity indices warrants a study for the
evaluation of biolegic systems and its relationship o the indices.
This !.TLI.!I}' aimed at I'm-mulal.ing the correlation between
chronological age, cendcal vertebral maturation and hand wrisy
rad.iug—a]:ll'ui.rl the Pc‘r]:ula.l.m of Chennabon mbiﬁ.'l.'i within 3.16
VEArs,

Materials and methods

The mrnp]utfﬂw ilmlymn.ihl.edu'llw hand wrist nd.ingnpl’n
and lateral cophalograms of 250 mabes and 250 females of age
:rangu Q.16 \rua.ri obtained from the record files at Tamilnadu
Government dental Lflllegu amal Htlﬂ]:llal Chennai.

The ra.:]mtgrarlu. of the left hand were taken within the
1.1I|.'I.I.I'I'I]:I."Jﬂ'li'l] ]:l:r.l.ml ﬂ'u.-'v II.I.E.I (15614 ]u.m .‘m\ hl.i‘rmu' ]:m‘lnl.n

artheslontic treatment an:] the bones were unallected I'M. any
systemic disease. The bones appeared clearly in the radiogrsy Pl-uml
the interval between the hand wrist and the Lneral r.'er]'l:llr.umh'ir.‘
ﬂ]klg.‘ﬁ]:ll’l cliel most exceed 1 month.

Cervical vertebral maiuration (CVM)

ThuC\"Mn:shmalulmT]wlaun]cq:hlrmﬂanngthml
its dhevelopments in the subjects were s':usla.m.l.ln- the mesdifications
:.l.l.g'gi.-ih.-il I'-'W Hassel and Farman' . \‘\"I‘IIL]‘I assessed the
maturational stages on the second, third and fourth cerdcal
vertebrae.

Initiation:

£ Inferior borders of C2, C3, and C4 are ot

E  Wertehrae are werlge shaped and superior vertebral borders
are I.‘.\PEHJ. from Pﬂu.l.tr'lur Lo anberior.

£ Werysignilicant amount of adolescent gromth is expectid

Acceleration:

£ S'grl.iﬁt.'ml. mrumlu'ad:‘r]mmlglwﬁhexp-emrd
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Abstract

Background: Prediction of skeletal growth is necessary for growth modification and surgical orthodontic trearmsents and ks usually
done by assessing skeletal maturity indicavors in hand-wrist radiographs. The use of growth stages of cervical vertebrae in lateral
cephalograms has been suggested ro avoid overexposure.

Dbjectives: This study seeks o assess the degree of agreement between hand-wrist and cervical vertebrae maruration stages for
skeletal age determination and prediction of the peak growth spurt (PGS).

Patients and Methods: This cross-sectional smudy was conducted with 67 boys and 66 girls berween 8 and 18 years of age, divided
immo 1 age groups; 266 hand-wrist radiographs and lateral cephalograms were obtained and analyzed. Hand-wrist maturarion stages
were evaluated according ro the Grave and Brown, Bjork system (stages 1- 9). The cervical verrebral manuration stage {CVMS) was
determined on lareral cephalograms based on a system described by Baccerti er al. [CWMS 1-5). To apply the Cohen’s kappa index, the
stages of growth were reduced o 5 intervals (A - E] to relate the 5 CWMS to the 9 stages of Bjork hand-wrist analysis.

Results: In all age groups, the skeletal marurity stages of the hand and wrist bones and the cervical vertebrae of the girls were
ahead of the boys, Cohen's kappa test revealed a bow level of agreement beoween the two methods |Kappa (955 C1) = 002 (0,290 -
0377 )| concordance was slightly higher in males [ K= 0.33 for males versus 027 for females). Evaluarion of concordance coefficiens
between the stages determined by the two methods indicated the highest concordance in 8 and 9-year-olds and the lowest in 12-
and 14-year-olds. The level of agreement berween the owo methods was only acceptable in & and 9-year-olds of borh genders and
10-year-old boys. The level of agreement between the two methods inother age groups was not acceptable.

Conclusion: The level of agreement between the rwo methods was low; thus, they cannot be used alternacively to estimate patienrs'
skeletal age or to predict the PGS, This may be due to the effect of different mamracion levels (influenced by the environment, eth-
niciry, and gender | on the agreement between methods for skeletal age determination.

Keywords: Growrh, Hand, Wrist, Cervical vervebrae, skeletal Age

L. Background spurt because considerable post-surgical growth can cause
relapse. Significant mandibular growth ocours during the
peak growth spurt {PGS). PGS depends on gender and the
chronological age of patients; it usually occurs between
the ages of 10 - 12 years in girls and 12 - 14 years in boys.
The growth periods mentioned are the most important for
orthodontic treatments. Studies have shown that chrono-
logical age alone is not sufficient for the assessment and
prediction of mandibular growth or the degree of skele-
tal maturation, which is the most important indicator of
mandibular growth [ 2-8).

The prediction of facial growth may be the most crit-
ical aspect of clinical orthodontics for a large number
of patients. Although the number of adult orthodontic
patients has increased in recent years, most orthodontic
treatments are provided to prepubertal and pubertal pa-
rients (1).

Growth modification appliances such as functional
appliances and extra-oral devices (namely headgear, face
miasks, Herbst appliances, etc.} should be used during the
peak velocity of growth. On the contrary, orthognathic
surgery can be performed only after the pubertal growth In erthodontics, skeletal age is used to determine the

Copyright 2m6, Rehran Universiny of Medical Sclenoes and Iranlan Seciery of Rediology. This s anepen-acoess anicle dispibused under the verms of che Creative
Commens Arributken-HonComsmiercial 4.0 Intemaona] Licenses [hcpyoearsecommonsergllicenses -nc 4.0 which permics copy and redisoribea e the macerial justin
noncommertial usages, provided the original work is properly cied.
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Evaluation of skeletal maturity in North Indian subjects using
an objective method based on cervical vertebral bone age
and assessment of its reliability as compared to hand wrist

radiographic method

Sandeep Kumar', Neeraj Agarwal®, Anil Kumar Mehrotra®

Abstract

Aim: To evaluate the skeletal maturity objectively and assess the relisbility and validity of this method in North Indian subjects.
Materiaks and Methods: Sixty subjects (8-16 years) were taken and divided into two groups of 30 males and 3 females. For each subject,
cervical vertebral bone age (VA) was evaluated by the objective method described by Mito ev al., and bone age (BA) was estimated by
Girave and Brown method of hand wrist radiograph. Correlations and average differences between various ages were determined. An
analysis of variance and Tukey's posi-foc tests were used to compare various ages at 5% significance level Results: The comrelations
between cervical VAs and BAs were higher than other ages and also more in females than males. The analysis of female data showed no
statistically significant difference (P> 0.05) whereas analysis of male data showed statistically significant difference (P < 0.05) between
various ages. Conclusion: The findings of the present study suggest that this method of objectively evaluating ske letal maturation is reliable
and can be applied o Nomh Indian females only. The development of a new method 1o objectively evaluate cervical VA in males is needed.

Key words: Cervical ventebrae, growth, skeletal maturity

InTRODUCTION

Skeletal maturation is an integral part of individual patterns
of growth and development ' Skeletal maturation refers to
the degree of development of ossification in bones (cervical
vertebrae, hand wnist, frontal sinus, midpalatal suture).
Biological age, skeletal age, bone age (BA), and skeletal
maturation are nearly synonymous terms used to describe the
stages of maturation of a person.® Discrepancies in skeletal
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maturation are closely associated with the vaniation in timing
and magnitude of growth. The determination of skeletal age
indicates how much further growth a child will attain and
allows the prediction of final height. As far as orthodontics
is concermed, by reliably determining maturation and growth
stage, a correct dingnosis can be obtained, and appropriate
treatment can be initiated ) Maturational status can have
considerable influence on the diagnosis, treatment goals,
treatment planning, and eventual outcome of orthodontic
treatment. Skeletal maturation assessed on hand-wrist
radiographs is classically considered as the best indicator of
maturity!'** and has been found to be closely related to the
growth spurt. Its main drawback is that an additional radiograph
15 required. Although minimal radiation 15 associated with a
hand wrist radiograph, it would be ideal to assess the growth
stage without additional radiography."' Cervical vertebrae
appear on cephalometric radiographs that orthodontists usually
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Objectives: The aim of this study was to compare the reproducibility of skeletal maturation
assessments by raters with similar orthodontic experience using hand-wrist (HW) and cervical
vertebral maturation (CVM) methods.

Methods: HW and lateral cephalometric radiographs from 15 subjects (8 males and
7 females; ages, 9-16 years) were selected randomly. HW skeletal maturation was evaluated by
the method of Greulich and Pyle, and CVM staging was evaluated by the method of Baccetti
et al. Six orthodontic residents evaluated all images at three time periods: 7. initial evaluation;
T,. re-evaluation after 7 days and 7, final evaluation after 5 weeks. Inlra- and interexaminer
reproducibility was evaluated with the intraclass correlation coeflicient; the limits of agree-
ment (LoA) were determined by using the Bland-Altman method.

Resultss The intracxaminer reliability assessed by intraclass correlation coefficient
was scored as good for both of methods (7-7-7, HW = 0.89and CVM = 0.80; T-T,
HW = 0.87and CVM = 0.77; T,-T, HW0 = 0. 90and CVM = 0. 81), as well as the interexam-
iner evaluation, with the uuxpuon of HW-T . which scored excellent (0.92). The width of
LoA from Bland-Altman plot of cervical \cncbra method was narrower (CVM T-T,: =23
and #1.8; CVM T,-7: =2.0 and +2.0) than the HW method (HW T'-T;: —39and+48 HW
T,-T:-4.0and +3. 5)

Conclusions:  Both HW and CVM methods presented good reproducibility for intra- and
interexaminer correlation assessments. The small LoA indicated that the CVM is a reproduc-
ible method.

Dentomaxillofacial Radiology (2018) 47, 20170301. doi: 10.1259/dmfr.20170301

Cite this article as: Cunha AC, Cevidanes LHS, Sant'Anna EF, Guedes FR, Luiz RR,
McNamara JA, et al. Staging hand-wrist and cervical vertebrae images: a comparison of
reproducibility. Dentomaxillofac Radiol 2018; 47: 20170301,

Keywords: Growth and development; age determination by skeleton; hand-wrist radiographs;
cervical vertebrae maturation; reproducibility of results

Introduction

The prediction of the pubertal growth spurt is a widely
used tool for the orthodontic and dentofacial orthopedic
therapy of growing individuals, in that such knowledge
helps determine optimal treatment timing when growth
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modification is considered.** In this way. the identification
of the maturational stage is indispensable for the diag-
nosis and treatment planning of patients with imbalances
in their facial growth pattern as it determines the favorable
intervention time and treatment approach.?

Although physiological parameters such as pubertal
signs, chronological age and dental staging are classic
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Abstract
Introduction and Aims—The Growth stage of a patient can have considera-

ble influence on diagnosis, treatment goals, timing and planning and the
eventual outcome of orthodontic/orthopedic treatment. The purpose of this
study was to analyze associations between the cervical vertebrae maturation
score (CVMS) and skeletal maturation index (SMI). The second objective was
to determine the reproducibility of the measurements on lateral cephalograms
and hand-wrist radiographs. Materials and Methods— Lateral cephalometric
and left hand-wrist radiographs of 92 untreated subjects (44 females and 48
males) aged from & to 17 years were obtained from the files of the Columbia
University, Division of Orthodontics and measured for growth stage using
cervical vertebrae and hand-wrist methods. Resalts— A high correlation was
revealed between the hand-wrist and cervical vertebrae measurements. The
Spearman’s rho correlation coefficient was 0.925 and significant at the 0.01
level. The correlation between hand-wrist and age (0.665, p < 0.01) was
slightly greater than that of the CVMS (0.611, p < 0L01). Intra rater reliability
was high. When the three categorically modified methods of the Fishman's 11
sheletal maturation stages in hand and wrist analysis were used to compare
with CVMS, methods 2 and 3 were both statistically significantly different ac-
cording to the Wilcoxon signed ranks test and the Sign test at a significance
level of less than 0.05. However, for method 1, the tests showed probability
scores of 0.028 and 0.151, respectively, showing no significant difference at the
0.01 level in the Wilcoxon Signed Ranks Test, and no significant difference in
the 0.01 and 0.05 level in the Signed Test. Conclusons— The Fishman's hand
and wrist skeletal maturation index and Bacetti’s cervical vertebrae matura-
tion stages are both useful tools in evaluating growth stages. Fishman’s hand-
wrist method is slightly more accurate.

DoN: 10.4236/op0. 201881001
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Is the cervical vertebral maturation (CVM) method effective enough to
replace the hand-wrist maturation (HWM) method in determining skeletal
maturation?—A systematic review
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ARTICLE INFOQ ABSTRACT

[Fntroductior Chronological age provides only general information on the development of a child/adalescent.
However, the biclogical age of the patient is more significant. Ome of the methods is the determination of the
bone age based on the development of the hand and wrist bones. In 1972 a method for assessing cervical
vertebral maturation an the cephalometric radiograpks was introduced (CVM method). As a result, additicnal
patient radiation was eliminated. Carrently, this type of radiograph is routinely applied in orthodontic treat-
ment.

Afmz The aim of the study was o assess the usefulness of the CWM method and o werify the assumption,
according to which the CWVM method modified by Baccetti ot al. may replace the method for the assessment of
skeletal maturaticn based on a hand-wrist X-ray, which is known 2= the hand-wrist maturation (HWS) methad.
Material ond methods: The present study reviewed the literature between 2006 and 2006. In the frst stage af
selection 905 articles were obtained. Finally, 10 articles were enrolled for the review.

Resuliss All of the studies presented a high level of correlation between the examined methods. In eight articles
the researchers admitted that the CWM classification could replace the HWM method, known as the “gald
standard”. In two studies’ the r hers suggested idering the CVM method an additsonal method despite
its compatibility and usefulness. The lowest correlation cosfficient was 0616 and the highest 0977
Discuzsion: The assessment of the skeletal age with the CVM is done on a cephalometric mdiograph, routinely
ussd in arthodontic practice, which makes it easy to apply. The determination of features of anly C2, C3 and C4
vertebmae is passible even if the patient wears an X-ray protective thyroid collar. Therefore, the mdiation dase is
mimimized.

Conchiions: The CVM method shows a high level of correlation with the HWM method.

Keywards:
Adolescent developmentjphysiology

Age detersination by sheleton.setheds
Cervical veriehrae/ dingeostic imaging
Carviesl vertehiae growih & development
Hand /diagnoaic imagisg

Wikl Adiagnostic imeging

1. Introduction

Chronolagical age provides only general information on the devel-
apment of a child/adolsosnt. However, the biological age of the pa-
tient is more significant when orthodontic treatment is planned. To
evaluate the biological age, the level of payel i develop
dental and skeletal age should be amessed [1].

O of the methods is the determination of the bone age based an
the develapment of the hand and wrist bones. It consists in the eva-
luation of sscondary ossification nuclel, which undergo the process of
mineralization during maturation, resulting in changes in bone shapes
rypical of different growth stages of the patient. The elements that are
analyzed are also the characteristic features of the selected metaphyseal
phalangeal cartilages and the radial bone ie the width, shape and

* Correspondissg aurbeer,

degree of the union of diaphyses and epiphyses [2].

The first atlas of hussan hand ossification was published by Poland
in 18968, However, the first atlas considering sex differences and all the
stages with X-ray radiographs was prepared by Siegert in 1935 [3).

In 1972, Lamparski introduced a method for asssising cervical
vertebral maturation on the cephalometric radiographs. As a result,
additional patient radiation was eliminated by Lamparski. Curvently,
this type of radiograph is routinely applied in orthodontie trestment. It
was the first time the clasification had been presented which included
changes in the shape of the three cervical vertebeae (C2, C3 and C4) as
the bone age index. Lamparski established the standards for the as-
s=gment of sheletal maturation separately for gids and boys. In the
studies that researcher found & weaker earrelation between his method
and the method of determining bone age of the hand and wrist in male

il addresier agniesskosemen)@gumed edu.pl (A Szemraf), adoesd gumed sdu.pl (A. Waojtsssk -Slomifchka), bee bk posed. sdo pl [B. Recka Pilosk]).
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Evaluation of skeletal maturity in the cervical
vertebrae and hand-wrist in relation to vertical
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Objective: To evaluate differences in skeletal maturity in relation to vertical
facial types and to compare differences in the skeletal maturity of the cervical
vertebrae and hand-wrist in females. Methods: This study included 59
females aged 7 to 9 years with skeletal Class | malocclusion. The participants
were categorized into three groups (low, normal, and high) according to the
mandibular plane angle. Skeletal maturity was measured using skeletal maturity
indicators [SMIs] and the Tanner-Whitehouse 111 {TW3) method on hand-wrist
radiographs and by using cervical vertebrae maturation indicators [OWMIs) on
lateral cephalometric radiographs. Results: The SMI was higher in the high-angle
group than in the low-angle group [p = 0.014]. The median TW3 bone age was
11.4 months higher in the high-angle group than in the low-angle group [p =
0.032). There was no significant difference in CWVMI among the three groups.
Skeletal maturity showed a weakly positive correlation with the mandibular
plane angle (SML, r = 0.391; TW3, r = 0.333; OV, r = 0.259). Conclusions:
The skeletal maturity of the hand-wrist in Temales with a high mandibular
plane angle was higher than that in fermales with a low mandibular plane angle.
Obtaining additional hand-wrist radiographs may facilitate evaluation of skeletal
maturity of females. In females with a high mandibular angle, the time to
commence orthodontic treatment may be earlier than that in females with a low
mandibular angle.

[Korean J Orthod 2019;49(5):319-325]

Key words: Skeletal maturity, Vertical facial type, Mandibular plane angle,
Skeletal maturity indicators
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Correlation between Chronological Age, Cervical Vertebral Maturation
and Fishman's Skeletal Maturity Indicators in Central India Population

ABSTRACT

Introduction: Skaleta maturity indicotors are very important indicators when diognosing and panning the treatment in growing
population. Cervical Yertebroe Method| CVM) ond Fshman's Skeletal Maturity Indicotors are fwo commonly used methods
for the diognosk and trectment planning. The aim of the study was fo investigote the comelation between cervical vertebral
maturation [CYm)and Fishmaon shond-wrist skeletal maofurity indicator ond chronological age by including subjects within the
range of circumpubertal growth spurt in Central India.

Materlals & Method: One Twenty Five contemporary hand-wrist and laoteral cephalometric rodiogrophs from population of
Central Indio wers randomiy selected and analyzed. All subjects were within the circumpubertal period Le. female subjects
ware batween 10 ond 15 yeors of oge, and the male subjects were between 12 and 17 years of age. The hand-wrist bone
analysis was evoluated using the method developed by Fshmaon whereos cenvical vertebr bore anabysis wos evoluoted using
the method developed by Boccetti and coworkers. These two methods and chronological age were comelated using the
Spearman rank comelation anolysis.

Result: CVM weas significantly comaloted with hand-wrist maturation (=0.8848) Howewer low comelation waos found between the
CVM and chronclogicol oge( r=0.713%) and littke comelofion was found between the HWk and chronologicol oge | r =0.4892).

Concluslon: CWM is a volid indicator of skeletal growth duning the circumpubertal growth pericd and has a high comelafion with
the Hwi for the Central India population. Howewverchronological ageis not suitable fo measure skelstal maturity s shown by
the bow comedotions found between the chronological oge and both CWk and HWM.

Keywaords: Carvical vertebra maturation, Chronological oge, Hand-wrist maturation, Skeletal maturiby.

INTRODUCTION a biclogic indicators seres were vsed. These methods
includes characterstics of sexual matuation, facial
growth and peak height velocities, chronological age,
dental development, body weight.body height and
Faarvchwrist maturiby.®

The Esue of opfimal timing in dentolacial orthopedicsis
infimataly related to identificotion of periods of
acceleratedgrowtn  that confribute significantly in
corection of skeletal imbalances in individual patient.
Successful growth modification in orthodontics &
depandent on skelatal maturations Hand  owrist
rmaturation (HWM) andabysis is the most widly used and
a classical method for evaluation of skeletal oge. HWM
& the highly relioble method done by radiograph.
However, an addition exposure of ionizing radiation

Sevvaral clinical studies have shown that the greatast
response to funclional jow orthopedics tends to ocour
during circumpubertal growth pedod.' Belore moadmal
pubertal growth the skelelal response wara ess in
subgects ot well ot after maximal pubertal growth. =

Therefore, to assess growih spurts for the determination of the orthodontic patient required ta the routine
af the optimal arewth modification freatment fiming radiographic records for this analysis.

PN

|52
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An Abbreviated Scale for the Assessment of
Skeletal Bone Age Using Radiographs of the

Knee

XIN TANG, MD; YUBO LU, MD; MINGFAN PANG, MSPH; DEREK T. NHAN, BS; WALTER KLYCE, BA;

JAN FRITZ, MD: R. JAY LEE, MD

Hand and wrist radiographs are the most common means for estimating
skeletal bone age. There is no widely used scale for estimating skeletal
bone age using knee radiographs. Do skeletal bone age estimates from
knee-maturity scales correlate sufficiently with both chronologic age and
estimates from a hand-wrist scale to potentially substitute for estimates
from the latter? The authors reviewed the records of 503 patients 6 to 19
years old who had hand and knee radiographs obtained within 30 days
of each other. They analyzed radiographs using the O'Connor knee scale
(based on 10 maturation markers) and a new, abbreviated version of the
O'Connor scale (based on 7 markers). The authors also analyzed radio-
graphs of the hands of boys 12.5 to 16 years old and girls 10 to 16 years
old using the shorthand method. Mullivariate linear regression was used for
analysis. Inter- and intrarater reliabilities were assessed. Skeletal bone age
derived from the O'Connor and abbreviated knee scales correlated with
chronologic age (adjusted R?=0.88 and 0.90, respectively). Compared with
estimates from the hand-wrist scale, estimates were lower by a mean of
0.91 years for boys and 038 years for girls when using the O'Connor scale
and 0.96 years for boys and 0.52 years for girls when using the abbreviated
scale. Inter- and intrarater reliabilities were very good (k=082 and (.90,
respectively) and were substantial at each bony landmark measured. Knee
racliographs can be used to estimate skeletal bone age using an abbreviated
knee scale. [Orthopedics. 2018; 41(5):e67 6-e680.)

ccurate estimates of remaining
Askeh:lal bone growth are help-
ful to guide surgical treatment
around or involving the growth plates of

skeletally immature patients. Chronologic
age is nol always an accurate predictor of

eb7h

remaining growth; instead, skeletal bone
age can be estimated by assessing the
morphological characteristics of devel-
oping bone. Many areas of the skeletal
system mature according to reproducible
patterns. One of the most common meth-

ods for estimating skeletal bone age is the
hand-wrist method described by Greulich
and Pyle.! Although there is no commonly
used method based on knee morphology,
there are described patterns of matura-
ticn. The Pyle and Hoerr knee atlas shows
standard knee morphology for different
chronologic ages.” Roche et al® first ex-
amined 34 individual markers around the
knee 1o determine skeletal bone age, and
O Connor et al** derived formulas from a
refined set of markers around the knee. No
methed for estimating skeletal bone age
using the knee has been widely accepted.
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Keywords:
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Magnetic resonance imaging

Purpose: To study age estimation performance of combined magnetic resonance imaging (MRI) data of all
four third molars, the left wrist and both clavicles in a reference population of females and males. To
study the value of adding anthropometric and sexual maturation data.

Materiols and methods: Three Tesla MRI of the three anatomical sites was prospectively conducted from
M.m:h 2012 to May 2017 in 14- to 26-ymr-old hu!my Caumsun mlmeers(lso females, 138 males).
De was d by al were taken, and sell-
reponed sexual maturation data were collecled. All data was mcorpoultd ina continuation-ratio maodel
1o estimate age, applying Bayes® rule to calculate point and interval predictions. Two performance aspects
were studied: (1) accuracy and uncertainty of the point prediction, and (2) diagnostic ability to discern
minors from adults (>18 years).

Results: Combining information from different anatomical sites decreased the mean absolute error (MAE)
compared to incorporating only one site (P <0.0001). By contrast, adding anthropometric and sexual
maturation data did not further improve MAE (P=0.11). In females, combining all three anatomical sites
rendered a MAE equal to 141 years, a mean width of the 95% prediction intervals of 5.91 years, 93%
correctly classified adults and 91% correctly classified minors. In males, the corresponding results were
1.36 years, 5.49 years, 94%, and 90%, respectively.

Conclusion: All aspects of age estimation improve when multi-factorial MRI data of the three anatomical
sites are incorporated. Anthropometric and sexual maturation data do not seem to add relevant
information.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Abbreviations: Pucsss Pearson correlation coefficient between the errors of two

data; C, both clavides” sternal

models: A, anthrog and sexual m,

Forensic age estimation based on the development at different

ends; MAE, mean absolute error; MFA, multi-factorial age estimation; P, prediction
interval; RMSE root mean squared error; SSA, single site age estimation: T, all four
third molars; W, wristedistal radius and ulna.
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anatomical sitesis recommended by experts [ 1] and applied by most
authorities [ 2,3]. In adolescents and young adults, combining the
developmental information of different anatomical sites improves
age estimation performance [1]. In the living, medical imaging can
be used to obtain this developmental information. Currently,
radiographs and computed tomography (CT) are the commonly
applied imaging modalities. Numerous studies on single anatomical
sites are available (single site age estimation=SSA), with large
reference studies mostly based on retrospective data [4-7].
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Quantitative skeletal maturation estimation using cone-beam
computed tomography-generated cervical vertebral images:
a pilot study in 5- to 18-year-old Japanese children
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Abstract

Ohjectives The purpose of this study was to establish mult-
vanahle regression models for the estimation of skeletal mat-
uration status in Japancse boys and girls using the cone-beam
compated tomography (CBCT vbased cervical vertebral mat-
uration (CVM) assessment method and hand-wrist
radingraphy.

Maierials and methods The analyzed sample consisted of
hand-wnist mdiographs and CBCT images from 47 bays and
57 girls. To quantitatively evaluate the correlation between the
skeletal maturation status and measurement ratios, a CBCT-
based CVM assessment method was applied to the second,
third, and fourth cervical vertebrae. Pearson's correlation co-
efficient analysis and multivanahle regression analysis were
usced to determine the ratios for cach of the cervical vertebrae
(p=0.05).
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[.-5. Hwang
Dental elmae, Pusan National Universaty Hospital,
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Results Four characteristic parameters ((OH;+PH; VW,
(OH;+AH:)'W;, Dy, AH3'W;), as independent varables,
were used to build the multivariable regression models: for
the Japanese boys, the skeletal maturation status according
to the CBCT-based quantitative cervical vertebral maturation
(QCWYM) assessment was 5.90+99.11 = AH3/W,—
14 88= (OHz+AH, )W, + 13 24 Dy; for the Japanese girls,
it was 41.39+59.52 = AH,/W;— 1588 = (OH,+PH, VW, +
1093 =D,.

Conclusions The CBCT-generated CVM images proved very
useful to the definiton of the cervical vertebral body and the
odontoid process. The newly developed CBCT-based QCVM
assessment method showed a high comelation between the
derived ratios from the second cervical vertebral body and
odontoid process.

Clinical relevance There are high comelations between the
skeletal maturation status and the ratios of the sccond cervical
verichra based on the remnant of dentocentral synchondrosis.

Keywords Dentocentral synchondrosis - Cervical vertebra -
Skeletal maturation - Regression model

Introduction

Craniofacial skeletal maturation is an important factor deter-
mining orthodontic growth modification treatment time.
Rescarch suggests several binlomcal indicators of homan de-
velopment {chronologic age, dental development, sexual mat-
uration, voice change, and others) [1—4]. Among the biologi-
cal skeletal maturation indices, the skeletal maturation indica-
tor (SMI), based on hand-wrist radsography, has been the most
popular in the context of orthodontic practice [2]. More re-
cently however, the cervical vertebral maturation (CVM)

1 Springer
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Abstract

Objectives The purpose of this study is to assess the stages of skeletal maturity in cone beam computed tomography (CBCT),
hand-wrist radiography (HWR) and cephalometric radiography (CR) techniques of orthodontic patients, and associate
skeletal maturity stages with chronological age. in a Turkish subpopulation.

Methods Hand-wrist radiographs, cephalometnic radiographs and CBCT of 105 patients were evaluated. For evaluation of
HWE. the “Hand Bone Age A Digital Atlas of Skeletal Maturity™ of Vicente Gilsanz and Osman Ratub (2005) was used. Skel-
ctal maturation in the cephalometric radiographs and sagittal sections of cervical vertebrae obtained by CBCT were evaluated
with Hassel and Farman's method (1995). All results were re-evaluated 3 weeks later to assess intra-observer reliability.
Results Intra-observer reliability coefficients of the skeletal maturity stages in HWE, CR, and CBCT were 0.912, 0.595,
00756 respectively (p-<0.05). Spearman’s correlation coefficient value between skeletal developmental stages in in HWR,
CR. and CBCT was found to be 0.785, 0875, and 0.791. respectively (p-<0.05).

Conclusion Results of this study reveal that the determination of the skeletal development status with analysis of cervical
vertebrae using cephalometric radiographs and CBCT is as rehable method as the evaluation of the hand—wrist radiographs
and is compatible with chronological age in a subgroup of the Turkish population. When assessing the skeletal development
stages of patients, both CBCT and CR can be used validly, 50 no extra hand—wrist radiography is required. This information
is important for the prevention of increased radiation doses in patients.

Keywords Cephalometric radiograph - Chronological age - Cone beam computed tomography « Hand—wrist radiograph -
Skeletal age - Skeletal maturation

Introduction

To assess skeletal maturity, chronological age, height
increase rate, initialization of menstrual cycle, changes in

Skeletal matunity 1s an important factor for assessment, espe-
cially in diagnosis and treatment planning for orthodontic
treatments. Stage of bone maturation as prepubertal, puber-
tal growth peak or completed skeletal development has a
major impact on treatment goals, treatment planning and
possible outcomes of treatment.
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Department of Denomaxillofacial Radiology, Faculry
of Dentistry, Istanbul Medipol Universiy School
of Dentistry, Istanbul, Turkey

Depariment of Dentomasillofacial Radiology, Faculty
of Denusiry, Turkey Beykenm Universaty, lstanbul, Turkey
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physical appearance and changes in speech can be used,
but these methods do not provide clear results; thus, several
methods have been developed to evaluate the skeletal matu-
rity stages [1-7].

The most common method used for the evaluation of
skeletal maturity is based on the assessment of the morpho-
logical changes of the bones in the hand-wnst radiographies
[8—10). Studies reveal that skeletal development can also be
cvaluated by the morphological state of the cervical verte-
bral development [ 11-18].

Cone beam computerized tomography (CBCT). which
iz prominent due to the fact that the radiation dose given to
the patient is very low compared to the computed tomog-
raphy. has become increasingly popular in dentistry and
orthodontics for treatment planning in 30 [19-22]. Skeletal

£ Springer
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Five radiographic methods for assessing skeletal maturity in a Spanish

population: is there a correlation?
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ABSTRACT

Objectives: The need for accurate techmigues of estimating age has sharply increased in line with the
rise in illegal migration and the political, economic and socio-demographic problems that this poses in
developed countries today. The methods routinely employed for determining chronological age are
mainly based om determining skeletal maturation wsing radiological technigues. The ohjective of this
study was to correlate five different methods for assessing skeletal maturation.

Materials and methods: 506 radiographs of growing patients were analyzed, and each patient was
classified according to two cervical wvertebralbased methods, two hand-wrist-based methods and one
tooth-based method. Spearman’s rank-order comelation coefficient was applied to assess the relation-
ship between chronological age and the five methods of assessing maturation, as well as comelations
between the five methods (o< 0.05).

Results: Spearman’s rank correlation coefficents for chronological age and cervical vertebral matur-
ation stage wsing both methods were 06560693 (p < 0.001), respectively, for males. For females, the
correlation was stronger for both methods. The comelation coefficients for chronological age against
the two hand-wrist assessment methods were statistically significant only for Fishman's method, 0732
(o= 0.001) and 0839 (p < 0.001), respectively for males and females.

Conclusions: The cervical vertebral, hand-wrist and dental maturation methods of assessment were all
found to comelate strongly with each other, irmespective of gender, except for Grave and Brown's
method. The results found the strongest comelation between the second molars and females, and the
second premolar and males.

Clinical relevance: This study sheds light on and cormelates with the five radiographic methods most

ARTICLE HISTORY
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KEYWORDS
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maturity; radiagraphic; age

commanly wused for assessing skeletal maturation in a Spanish population in southern Europe.

Introduction

Age assessment is an important aspect of medicolegal, paedi-
atric and forensic science. Estimating the age of a living indi-
vidual who cannot prove his/her birth date poses a
challenge, which results in a fairly common legal practice.
The need for accurate techniques of estimating skeletal mat-
uration has sharply increased in line with the increase in
illegal migration, which is a growing political, economical
and socio-demographical problem in developed countries
today. In cases involving criminal proceedings, the evaluation
of imputability or asylum is essential to be able to find out
the age of someone who has no identification documents,
since the chronological age limits defining full or legal
responsibility vary considerably in different countries around
the world[1,2] In most European countries, the legal age
limit falls between the 14 and 21 years of life; in the case of
Spain, the age of criminal responsibility is 14 years[3]

The methods routinely wused to determine chrenological
age are mainly based on determining biological age[2,4-7]
Various indicators of maturity such as sexual maturation

characters,[8-10] dental dewelopment,[5,11-13] hand-wrist
maturity [14,15] and cervical vertebral maturation [16-18]
have been reported in the specialized literature for estimat-
ing the chronological age of children and adolescents. Voice
change needs to be continuously monitored in order to
detect changes, while the menarche has little predictive
value if it has not occurred or if the patient cannot remem-
ber exactly when the first menstrual period was. To date,
therefore, the use of radiographic growth parameters has
been the most commonly used method of assessing bio-
logical age and so determining chronoclogical age. Hand-wrist
radiography has been one of the most commonly used
methods of determining skeletal maturity, although cervical
vertebral maturation and dental development have been pro-
posed as valid alternatives to the hand-wrist method. Many
authors have reported a significant correlation between the
size and shape of the cervical vertebrae, weight and body
height [19] and hand-wrist maturation[17,20,21]

In Greulich and Pyle's [5] and Tanner et al's [22] methaods,
bone age is assessed by comparing the X-ray image of an
unknown subject with a standard reference[23] Among the
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Comparacién de la Maduracion Osea de Vértebras
Cervicales Utilizando los Métodos de Baccetti y
Lamparski en Pacientes de 8 a 15 Anos

Comparison of Bone Maturation of Cervical Vertebrae Using Baccetti
and Lamparski Methods in Patients 8 to 15 Years of Age

Emerik Alvarado-Torres’; Jaime Fabian Gutiérrez-Rojo” & Alma Rosa Rojas-Garcia™
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RESUMEN: La maduracion s& puede definir como un proceso gradual en el iempo, presenta sucasivas modifica-
ciones cualitativas an la organizacion anatomica y fisioldgica durante la pubertad hasta el estado de madurez adulio. En al
diagndstico y tratamiento an orfodoncia es importanie conocer los estadios de maduracion dsea pues proporcionan infor-
macion relevants que parmita determinar ritma y tiempo de maduracion individual. El uso y la aplicacion varian entre las
t&cnicas y ienan un objativo comin, la clasificacion de nifos y adolescantes en estadios de maduracion. El objetivo de aste
astudio fue comparar la maduracian dsea da las vériebras cervicales utilizando los métodos de Baccetti y Lamparski &n una
poblacion nayarita. La muestra fuaran 288 radiografias laterales de craneo de las edades de 8 a 15 afnos. 5e compararan
meadiante t de Student los estadios de maduracidn de kos grupos an al analisis CVM de Baccetli y &l analisis de Lamparski; en
hombres y mujeres. La poblacidn masculina de 8 y 10 afos no prasentaba diferencias significativas anfre ambos analisis; la
poblacion famenina de B anos ¥ masculing de 9 afos s& encontraron diferencias, leniendo mayoras valoras el analisis CWM
de Baccetli, an los demas grupaes del estudio también sa encontraron diferencias presentando mayoras valoras en al analisis
Lamparski. Los astadios de maduracion en los dos lipos de analisis mosiraron una marcada diferancia an sus interpretacio-
nes, siando el analisis de Lamparski mas confiable como mélodo diagndstico de la maduracion dsea.

PALABRAS CLAVE: maduracion dsea, vertebras, Lamparski, Baccetti.

INTRODUCCION

La maduracidn biolégica es un proceso de im-
portantes cambios fisiolégicos que se manifiestan de
forma mas intensa durante |a adolescencia y el tiem-
po de su aparicion depende del sexo vy |a etapa de
maduracién. La maduracidn se puede definir como un
proceso gradual en el tiempo, en el que se presentan
sucesivas modificaciones cualitativas en la organiza-
cidn anatdmica y fisioldgica, a través del cual se des-
encadena una gran movilizacion hormonal durante la
pubertad hasta alcanzar el estado de madurez adulto
(Gomez-Campos ef al., 2013).

En &l diagndstico y tratamiento en ortodoncia
es importante conocer los estadios de maduracion
deea (Mejia-Gardufio ef al, 2014), ya que en las per-
sonas de la misma edad cronoldgica existen muchas
diferencias fisioldgicas en su desarmollo, por lo que es
necesario evaluar mediante un indicador de madura-
cion osea su desamollo (Echarri, 1998).

Dichos estadios proporcionan informacion rele-
vante que permite determinar el ritmo o tiempo de ma-
duracidn individual. El uso v la aplicacidn varia entre
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Correlations between morphology of cervical vertebrae
and dental eruption

LUMINITA LIGIA VAIDA", ABEL-EMANUEL MOCA", LIANA TODOR", ADRIANA TENT",
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Y Department of Dental Medicine, Faculty of Medicine and Pharmacy, University of Oradea, Romania
“Department of Odontology, Faculty of Dental Mediaine, University of Medicine and Pharmacy of Craiova,

Abstract

The procass of dental eruption is submitted to physiological and pathological variables. A series of discrepancies may oocur, one of these
being a disturbance between dental age and bone age. The assessment of bone age is best made with the cervical veriebral maturation
(CVM) method, simpiified by Baccetti ef al (2005). The sample studied consisted of 215 orthodontic patients. The dental age was assessed
on the orthopantomograph radiographies and the bone age on the lateral cephalograms. For datermining the bone age, CVM method was
usad. Considering dental age, most of the patents (50.2%) have a premature dental age compared fo bone age, while patients with narmal
dental age (27.9%) and pasents with late dental age (21.9%) have a lower frequency. The correlation between the dendal age and the
bone age of the patients shows that patients who have higher values of dental age also have higher values of bone age (p<0.001). The
correfation between genders shows that famale patients tend fo have a higher average valus of bone age in comparison to male patients
(p<0.001}. The authors conclude that assessing bane age based on the morphology of cervical vertebrae and correfating it with the dental

age could be of great use in apting for a certain orthodontic treatment plan.
Keywords: bone age, dental age. morphology of cervical vertebrae, orthedontic patients.

= Introduction

Many studies investigating the physiological dental
eruption mechanisms, as well as the pathological aspects
of the eruption process have been carmied out. Research
has not always been conclusive, a unanimous opinion
on the mechanisms of dental eruption needing yet to be
formulated [1]. A number of studies support the need
for further investigations and clarifications in cases with
dental alveolar ankylosis, primary failure of eruption (PFE),
dental impaction, secondary retention, local causes that
produce disturbances of the dental eruption process, such
as an imbalance between bone resorption and formation,
the lack of space in the dental-alveolar arch, but especially
the genetic causes of the dental eruption [2, 3]. Recent
genetic research has highlighted that the gene involved in
the dental eruption is located on the parathyroid hormone-1
receptor (PTH-1R), which is responsible for familial cases
with PFE [2, 4, 5]. The genetic paradigm of dental eruption
is also supported by the correlation between PTH-IR and
parathyroid hormone-related protein (PTH-rP), a gene
responsible for bone remodeling on the animal model
[2, 6, 7). Chinical differential diagnosis between dento-
alveolar ankylosis and PFE is often impossible in the
absence of any information about previous traumas,
periodontal space obliteration, and medical history or
PTH-IR gene mutations [8, 9). Other studies indicate the
fact that the circadian rhythm of the eruption is correlated
with fluctuations of the hormonal levels, which influence
bone and periodontal ligaments metabolic activity [10].

On the other hand, dental eruption discrepancies can
be analyzed by reference fo the chronological age or to the

bone age of the child or adolescent. Dental malpositions
are most often the result of dental eruption discrepancies.
Another category of eruption discrepancies is the occurrence
of gaps between the dental eruption process and the degree
of bone development of the patient. Dental eruption
discrepancies, as well as malocclusions, may affect smile
attractiveness and produce psychosocial disorders related
to dento-facial aesthetics in terms of low self-esteem.
Also, they may cause disorders of oral functions (such
as chewing, swallowing or speech) [11, 12].

Franchi et al. (2000) propose an improved version for
assessing bone development based on cervical skeletal
maturation, bone age assessment being found on an
analysis of the morphological matunity of cervical vertebrae
using lateral cephalograms [13). The respective authors
evaluated the maxillary and mandibular growth stage
in relation to the CVM, a useful tool for planning the
orthodontic treatment [13, 14]. Baccetti et al. proposed
in 2005 a simplified and improved version of the CVM
method, in order to allow the optimal choice of momentum
for orthodontic and dentofacial orthopedic treatment [15].

Aim

The aim of this research was to analyze a number of
correlations between the dental age and the bone age of
children and adolescents.

& Materials and Methods

The sample consisted of 300 patients, aged between
8-14 years, in the North-West of Romania. From these,
about 1/3 have been excluded. Exclusion criteria are
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