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ABSTRACT

Aim: Assessing skeletal maturity is a critical factor in orthopedic 
treatment and orthognathic surgery. Quantitative methods have 
been suggested to decide the skeletal age. This study aims to 
assess the correlation between the middle phalanx of the third 
finger (MP3) method and cervical vertebral volume parameters 
(CVVP) in skeletal age determination.

Materials and methods: This cross-sectional study was 
conducted on 21 boys and 29 girls between the ages of 8 and  
16 years, who were divided into five groups of skeletal matura-
tion: 100 MP3 radiographs and cone beam computed tomo
graphy (CBCT) were obtained and analyzed. Middle phalanx 
of the third finger maturation stages were evaluated according 
to Perinetti method (stages FFGGHI). The CVVP was deter-
mined on CBCT using Mimics Medical software. Analysis of vari-
ance (ANOVA) and Bonferroni tests were utilized to investigate 
the differences in volumetric parameters between MP3 stages. 
Spearman correlation coefficient was employed to obtain the 
correlation between MP3 stages and the CVVP.

Results: The differences in CVVP concentrated between 
MP3I stage and the previous stages, with the highest values 
those for the 4th vertebra. Spearman test revealed a significant 
highest correlation between MP3 stages and the CVVP in the 
4th vertebra; the lowest was in the 2nd, which was higher in 
the girls group.

Conclusion: Strong level of agreement between the two 
methods was significant in the 4th vertebra.

Clinical significance: Measurement of volumes of the 4th 
CVVP could be used as simple quantitative analysis in clinical 
practice to evaluate the maturity in orthodontic patients.

Keywords: Cervical vertebrae, Growth, Middle phalanx matura-
tion, Quantitative assessment, Skeletal age.
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INTRODUCTION

The rate of growth accelerates and reaches its peak during 
the adolescence period, and then it declines until adult-
hood. Timing, duration, rates, and amount of growth vary 
among individuals during this period.1

Orthodontic treatment aims at taking advantage of 
natural growth spurt of adolescent patient in the case of 
skeletal discrepancies.2

This is especially evident when treatment consider-
ations are strongly based on the facial growth, such as the 
use of extraoral traction, functional appliances, selection 
of orthodontic retention, and orthognathic surgery.3

A considerable number of growth indicators have 
been introduced by studies including chronological age, 
dental age, sexual maturation, and body height.4-8

Chronological age could not be used as a reliable 
indicator to determine the skeletal maturity status.

Prediction of sexual maturity requires a physical 
examination; hence, the use of sexual maturity as matura-
tion marker is limited in the orthodontic setup.9

On the contrary, skeletal maturity “or bone age” can 
be determined by the maturation of one or more tissues 
including skeletal, dental, and sexual maturity.10

The visual inspection of bones, their first appearance, 
and related changes in shape and size are tools for assess-
ing skeletal maturity. Many structures have been used as 
indicators like frontal sinus, elbow, foot, hand-wrist, and 
cervical vertebrae.11

Skeletal maturity indicators based on hand-wrist 
radiograph are reliable and simple; however, there has 
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been increased interest in the usage of cervical vertebral 
maturation (CVM) as a replacement for the hand-wrist 
assessment that requires an additional radiographic 
film.12-14

Despite a plethora of studies which have confirmed 
the validity of the cervical maturation CVM method for 
evaluating the maturation level,15 other clinical studies 
have demonstrated that the CVM method has weak reli-
ability and repeatability.16-18

The precision of estimating CVM stages varies due 
to possible bias that may occur throughout qualitative 
description of cervical vertebral shape on two-dimen-
sional (2D) cephalogram.16-18

Recent studies have scrutinized the possibility of 
using CBCT to assess the bone age, taking advantage of 
the appearance of cervical vertebrae in the field of view 
of CBCT image.19-21

Chen et al22 solved the limitations of 2D method of 
CVM by developing a quantitative analytical method 
from the sagittal view. Similarly, the study of Yang et al23  
found an increased ability of bone age estimation by using 
quantitative shape analysis from axial view of cervical 
vertebrae compared with the chronological age.

Therefore, most of those studies focused on the 
general morphology of cervical vertebrae more than 
the additional information provided by CBCT as a 
3D approach, like bone mineral density and volume 
measurement.19-21

It is widely acknowledged that the growth of body 
structures occurs in three-dimensions (3D) in width, 
then in the anteroposterior dimension, and finally in the 
vertical dimension respectively.24,25

Hence, and as the cervical vertebrae appear in CBCT 
field of view, the aim of this study has been to evaluate the 
correlation between quantitative assessment of cervical 
vertebral volumetric parameters and the skeletal maturity 
status in orthodontic patient.

This, in purpose, preludes for the development of a 
new method.

MATERIALS AND METHODS

The study population included 50 patients (29 girls and 
21 boys aged between 8 and 16 years) selected randomly 
from the Department of Orthodontics and Dentofacial 
Orthopedics, at the Faculty of Dental Medicine, Damascus 
University.

All subjects included in this study had to meet the 
following criteria: (1) Syrians by nationality, (2) well 
nourished, free of any serious illness, and with normal 
growth and developmental conditions, (3) have no cleft 
lip or palate, and (4) have no previous trauma or injury 
in the head and neck region. A fifth criterion addresses 

the availability of CBCT radiograph including at least the 
entirely of the 4th cervical vertebra.

Nonetheless, patients suffering from congenital or 
acquired malformations affecting cervical vertebrae or 
hand-wrist were excluded.

This study was approved by the ethics committee, 
the Council of Higher Education and Scientific Research 
at Damascus University (Ref. 2327/2016), and informed 
consent was obtained from all patients taking participa-
tion in this investigation.

All patients had a digital radiograph of the left-hand 
middle phalanx of the third finger, MP3, using X-MIND 
appliance (de Götzen company, Italy 2003 settings used: 
tube voltage 70 KV, tube current 8 mA, scan time 25 ms).

The skeletal maturity was assessed using Perinetti 
et al26 method which includes five stages referred to via 
(Fig. 1)
•	 MP3-F:	 Epiphysis	 is	 narrower	 than	 or	 as	 wide	 as	

metaphysis but with both tapered and rounded lateral 
borders.

•	 MP3-FG:	Epiphysis	is	at	least	as	wide	as	the	metaphy-
sis with sides increasing in thickness and showing a 
clear line of demarcation at right angle, either with or 
without lateral steps on the upper contour.

•	 MP3-G:	Epiphysis	is	either	as	wide	as	or	wider	than	
the metaphysis with lateral sides showing initial 
capping toward the metaphysis.

•	 MP3-H:	Epiphysis	begins	to	fuse	with	the	metaphysis	
although contour of the former is still clearly recogniz-
able. The capping may still be detectable.

•	 MP3-I:	Epiphysis	is	totally	fused	with	the	metaphysis.
All CBCT radiographs were taken by one appliance 

(Scanora® 3D, Tusula, Sordrx company, Finland; settings 
used: tube voltage 85 KV, tube current 15 mA, scan time 
20 s, voxel size 0.25 mm, field of view cylindrical with 
height of 145 mm and diameter of 130 mm).

The CBCT radiographs were obtained in upright 
position with maximum intercuspation. And patient’s 
Frankfurt horizontal plane was set parallel to the floor.

The CBCT data were reconstructed using 3D imaging 
software (OnDemand3D, CyberMed, Finland) and then 
the radiographs were coded by four-digit number before 
assessment.

The investigator opened DICOM of CBCT image 
using software (Mimics Medical 19, company Materialise 
technologielaan, Belgium). The image thresholds were set 
to 226 to 3071 to mark the bony structures.

The body of the 2nd, 3rd, and 4th vertebra was 
cropped and other structures were deleted.

Each vertebra was isolated using split mask tool, 
then 3D format of each vertebra was obtained, and its 3D 
volume in mm³ was recorded using 3D object properties 
(Fig. 2).
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Figs 1A to E: Five stages of MP3: Perinetti et al26 method, “study radiographs”

Fig. 2: Measuring 2nd vertebra body volume

The statistical study was conducted using statisti-
cal software (Statistical Package for the Social Sciences 
version 21.0 for Windows, Chicago, Illinois, USA) with 
a p-value < 0.05.

The intraexaminer reliability of the quantitative 
measurements of volume was each checked by remea-
suring 20 randomly selected CBCT data after 2 weeks; 
the intraclass correlation coefficients were very high 
(means of 0.994).

The intraobserver errors of the MP3 stages were 
assessed using Cohen’s kappa index. The intraobserver 
and interobserver reliability for Cohen’s kappa index each 
demonstrated substantial agreement (means of 0.815).

Analysis of variance and Bonferroni tests were utilized 
to evaluate the differences between the means of CVVPs 
among the MP3 stages.

The relation between skeletal maturity status depend-
ing on the MP3 method and the volumetric parameter of 
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each vertebra was evaluated using Spearman correlation 
coefficient analysis.

RESULTS

The sample population of 29 girls and 21 boys (total: 
50, 8–16 years, and mean age: 11.5 years) was assigned 
to five skeletal maturation groups (MP3-F/MP3-FG/
MP3-G/MP3-H/MP3-I), each with 10 participants. The 
descriptive statistics of CVVP (obtained CBCT) are shown 
in Table 1.

The ANOVA test demonstrated differences between 
the means of vertical vertebrae volume among the MP3 
stages (p-value < 0.05) (Table 2).

Bonferroni test showed significant differences among 
the following MP3 stages and vertebrae (Table 3).

Second vertebra: MP3-I stage and both of MP3-F and 
MP3-FG stages.

Third vertebra: MP3-I stage and each of MP3-F/
MP3-FG/ and MP3-G stages.

Fourth vertebra: (a) MP3-I stage and each of MP3-F/
MP3-FG/ and MP3-G stages. (b) MP3-F stage and MP3-H 
stage.

Spearman correlation coefficient analysis demon-
strated an association between the volumetric parameters 
and the MP3 stages. The intensity of correlation ranged 
between moderate, for the whole sample, and strong, 
in the female groups for 3rd and 4th CVVP. However, it 
ranged between weak, for the whole sample, and moder-
ate, in the female group for the 2nd CVVP (Table 4).

DISCUSSION

Several studies have used the MP3 method as a gold 
standard to determine the skeletal maturity.27-29

Depending on what has been previously provided, 
this study has used the MP3 maturation index as a 

Table 1: Descriptive statistics of cervical vertebrae volume (mm³)

CVVP2 CVVP3 CVVP4
Mean SD Mean SD Mean SD

MP3F 1302.739 379.1295 1381.705 214.1038 1771.805 380.5914
MP3FG 1302.3 448.3026 1398.935 448.3026 1791.255 462.4849
MP3G 1398.675 378.1069 1438.161 287.8663 1825.141 455.2163
MP3H 1990.426 641.8469 1917.542 441.5437 2555.141 785.2829
MP3I 2116.392 728.0676 2146.77 514.8801 3153.308 608.8262
SD: Standard deviation

Table 2: ANOVA test for differences in CVVP between MP3 stages

Vertebra
Volume 
mean

Standard 
deviation

Test 
value

Level of 
significance

Second vertebra 1622.106 649.002 4.990 0.002*
Third vertebra 1656.623 529.295 6.405 0.000*
Fourth vertebra 2219.330 792.477 11.038 0.000*
*p < 0.01

Table 3: Bonferroni test for differences in CVVP between  
MP3 stages

Vertebra Maturation stage
Differences 
mean

Level of 
significance

Second 
vertebra

MP3F MP3FG  0.439 1.000
MP3G −95.936 1.000
MP3H −687.687 0.091
MP3I −813.653 0.023*

MP3FG MP3G −96.375 1.000
MP3H −688.126 0.090
MP3I −814.092 0.023*

MP3G MP3H −591.751 0.234
MP3I −717.717 0.066

MP3H MP3I −125.966 1.000
Third 
vertebra

MP3F MP3FG −17.230 1.000
MP3G −56.456 1.000
MP3H −535.837 0.093
MP3I −765.065 0.003**

MP3FG MP3G −39.226 1.000
MP3H −518.607 0.116
MP3I −747.835 0.004*

MP3G MP3H −479.381 0.191
MP3I −708.609 0.008

MP3H MP3I −229.228 1.000
Fourth 
vertebra

MP3F MP3FG −19.450 1.000
MP3G −53.336 1.000
MP3H −783.336 0.046*
MP3I −1381.503 0.000**

MP3FG MP3G −33.886 1.000
MP3H −763.886 0.056
MP3I −1362.053 0.000**

MP3G MP3H −730.000 0.079
MP3I −1328.167 0.000**

MP3H MP3I −598.167 0.276
*p < 0.05; **p < 0.01

standard for comparison to reduce the amount of radia-
tion exposed to patient who will take a CBCT radiograph.

Several methods of evaluating bone age have been 
introduced.30-33 The CVM method has proven useful. Mito 
et al34 and Chen et al35 invented a regression formula to 
obtain cervical vertebral bone age, using ratios of mea-
surements in the 3rd and 4th cervical vertebral bodies as 
independent variables. Byun et al36 added measurements 
of the C2 vertebral body and the odontoid process to these 
multiple regression models. However, these previous 
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studies concentrated on 2D data despite 3D changes in 
cervical vertebrae dimensions.

The 2D CVM method also presents several problems 
including the inconsistent changes in skeletal develop-
ment during the growth period, a high level of intra- and 
interobservation error during the tracing activities of 
lateral cephalometric radiography, and inaccurate mea-
surements of bone mass.17

Henceforth, this study reiterates that the 3D growth of 
the human being evaluating the skeletal maturity using 
3D approach is highly essential.

The aim of this study was to determine the correla-
tion between volumetric parameters of cervical vertebrae 
and the skeletal maturity, using CBCT instead of 2D 
measurements.

The volumetric parameters varied between MP3 
stages; the variant was greater in the parameters of the 
4th vertebra. Bonferroni test showed that the varia-
tions between MP3 stages in the 2nd and 3rd vertebra 
concentrated around two intervals: (a) MP3-I stage that 
represents the ending of changes and maturation and (b) 
the previous stages.

Nevertheless, in the 4th vertebra, the variations have 
been found to be similar to the aforementioned along 
with variation between the stages (MP3-F/MP3-FG) 
before the peak of maturation and the stages (MP3-H/
MP3-I) after it.

Therefore, the differences in the 4th CVVP reflect the 
development in the maturation stages more than those 
of the 2nd and 3rd CVVP.

The increase in MP3 maturity stage was associated 
with increase in CVVP. When examining the correlation 
between each cervical vertebra’s volume and the MP3 
stages, the correlation for the 2nd vertebra was the lowest 
and the correlation for the 4th vertebra was the highest.

One study37 in the literature examined cervical ver-
tebrae volume as a skeletal maturity index and found 
similar results to that of the current study, that the correla-
tion between 2nd CVVP and MP3 stages was not statisti-
cally significant in males, whereas it was weak in females.

Choi et al37 stated that in females, the change in the 
maturity status in accordance with the volume level was 
relatively consistent throughout the process: a rapid 
increase in maturation increases the volume level while 
the volume of the 2nd cervical vertebra in men changes 
drastically during the pubertal growth peak.

For the 3rd CVVP, the correlation was significant in 
both male and female groups. This result is supported by 
the findings of Choi et al37 that the relatively consistent 
increase in maturation exists as the volume increases 
regarding the male and female groups.

Finally, the 4th CVVP was highly correlated to MP3 
stages, especially in females where the correlation was 
significant and strong. Choi et al37 reported similar results.

A study of Crawford et al38 supports the results of 
this study. They suggested that remodeling occurs in C2 
more than C3 producing more changes in volume of C2 
compared with C3. On the contrary, the growth of C3 is 
more consistent due to the less resorption which occurs 
in this vertebra.

In accordance with the results of the current study, 
Altan et al39 also cited that the growth in C2 exhibited 
twice the amount of growth in C3; they demonstrated that 
the changes in growth of C3 are more consistent during 
growth period and, as result, reflecting the maturity status 
more accurately than that of C2.

The methods of Lamparski,40 O’Reilly and Yanniello,32 
and the modification of Baccetti et al14 proved that the 
CVM index is a useful tool in orthopedic treatment. 
Conversely, the bias that may occur when determin-
ing patients’ skeletal maturity is inevitable and hard to 
quantify.6

A number of studies tried to overcome this drawback 
by developing a quantitative method to estimate a CVM 
index22,23,34,36,41 using many ratios of measurements 
derived from C2 to C5 vertebrae, which may be difficult 
to apply in clinical application.

Therefore, this study proposes a simple and accurate 
method to estimate the skeletal maturity status by mea-
suring C4 volume.

Table 4: Spearman test of correlation between MP3 stages and CVVP

Vertebra Sex Count Test value Level of significance Test indication
Second vertebra All samples 50 0.470 0.001* Weak positive correlation

Males 21 0.375 0.094 Weak positive correlation
Females 29 0.555 0.002* Moderate positive correlation

Third vertebra All samples 50 0.576 0.000** Moderate positive correlation
Males 21 0.432 0.050* Weak positive correlation
Females 29 0.704 0.000** Strong positive correlation

Fourth vertebra All samples 50 0.644 0.000** Moderate positive correlation
Males 21 0.529 0.014* Moderate positive correlation
Females 29 0.740 0.000** Strong positive correlation

*p < 0.05; **p < 0.01
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The CVM method is superior to the middle phalanx 
maturation method because it is performed on routine 
radiographs without the need for additional images.

Additional studies are needed to address the diver-
gence regarding sexual dimorphism and ethnicity during 
the growth period.

CONCLUSION

With the limitations of the current study, it could be 
concluded that:
•	 Sufficient	correlation	exists	between	the	five	stages	of	

MP326 and CVVP.
•	 The	highest	correlation	was	for	the	4th	CVVP.
•	 The	 correlation	 was	 higher	 in	 girls;	 however,	 the	

gender differences were not significant.

CLINICAL SIgNIfICANCE

Measurement of volumes of the 4th CVVP could be used 
as a simple quantitative analysis in clinical practice to 
evaluate the maturity in orthodontic patients.
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