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Abstract
The identification of the puberty phase is crucial, as it enhances the efficiency and effectiveness
of malocclusion treatment. The observation or evaluation of bone morphology developments and
changes through radiographs, known as the skeletal maturation method, is the most valid puberty
phase indicator. Since this method requires radiographic exposure, a new, non-invasive prediction
method for the puberty phase is needed. This study aimed to analyze the potential of the level of
salivary bone-specific alkaline phosphatase (BALP), chronological age, and Body Mass Index (BMI)
percentile as predictors of the puberty phase.
The cross-sectional study included 136 subjects categorized into three phases of puberty based
on Bacceti’s Cervical Vertebrae Maturation System. Salivary BALP level was determined using a
commercial enzyme-linked immunosorbent assay kit.
Multinomial logistic regression analysis produced a predictive model with a correct classification
rate of 78% in the pre-peak phase, 57.7% in the peak phase, and 81.4% in the post-peak phase.
The puberty phase, especially at pre and post-peak, can be predicted with salivary BALP level,
chronological age, and BMI percentile.
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Introduction
Identification of the puberty phase is
essential to determine the optimal time for
malocclusion treatment.1-8 When performed during
puberty, interventions for malocclusions can have
increased efficiency and effectiveness. For
example, growth modification for class III skeletal
malocclusions results in excellent outcomes
when performed during the pre-peak phase of
puberty. Orthopedics treatment of class II
skeletal malocclusion has an optimum effect on
mandible growth when performed at the peak
phase of puberty. In contrast, orthognathic
surgery should be performed when the post-peak
phase of puberty has been completed.9-12
The evaluation of hand and wrist bone
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morphology using radiographs (skeletal maturation
method) is the most valid puberty phase
indicator.13,14 However, in orthodontics, this method
is rarely applied due to additional X-ray radiation
exposure and it is complex to analyze.15The
lateral cephalogram as a routine radiograph for
orthodontic diagnosis can be used to assess
skeletal maturation through the images of
cervical vertebral bone, an approach the Cervical
Vertebrae Maturation System (CVMS) method.9
Several studies have shown that CVMS is a valid,
reliable method for determining skeletal maturity
during a circumpubertal growth spurt.10 However,
some studies have questioned the CVMS as an
index of skeletal maturity due to methodological
issues or safety concerns.15,16 Therefore, efforts
have been carried out to find reliable, reproducible,
and non-invasive indicators of skeletal maturity in
individual subjects. The CVMS method consists
of six stages of skeletal maturation: Stages one
and two show the pre-peak phase of puberty;
stages three and four occur during the peak
phase of puberty; and the post-peak phase of
puberty occurs at stages five and six.17
The cellular process of bone growth
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results in the release of biochemical molecules
into the blood; these are known as bone
metabolism biomarkers, which consist of bone
formation and resorption biomarkers.18Bonespecific alkaline phosphatase (BALP) is a
specific and sensitive bone formation biomarker
due to its function in the bone mineralization
process.19-22 BALP levels detected in human
saliva and correlate significantly with that in
serum levels. At puberty, its levels increase
sharply, implying that this biomarker is an
indicator of skeletal growth.21,23
The use of saliva as a diagnostic fluid
offers some advantages over blood. Saliva
collection procedures are preferable to those for
serum because the formers are painless and
non-invasive. Also, it is possible to collect multiple
times from the same individual. Moreover, saliva
collection does not require personnel training,
and it is easier to manipulate and store.24,25 It is,
therefore, possible that salivary BALP can be
used as a reliable, reproducible, and noninvasive biomarker for phase of puberty.26-28
The literature shows that phase of puberty
is associated with parameters such as
chronological age, secondary sexual signs,
formation stages, dental eruptions, and Body
Mass Index (BMI). Although there is wide
individual variation during the puberty phase,
chronological age and BMI have the advantage
of being accessible and inexpensive in terms of
application.29-32
The objective of this study is to analyze
the potential of the salivary BALP level,
chronological age, and BMI percentile to predict
puberty phase.
Materials and methods
This cross-sectional study was conducted
on 136 Indonesian children (64 boys and 72 girls).
A signed informed consent and assent were
obtained from the subjects and their parents
before enrollment in the study, and the protocol
was reviewed and approved by the Ethics
Committee of the Faculty of Dentistry, University
of Indonesia. The following enrollment criteria
were observed: 1) age between eight and 18
years; 2) good general health with no nutritional
problems; and 3) good oral hygiene.
Chronological
age
was
calculated
manually in months; weight and height were
measured by scales and a stature meter (SMIC
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type ZT-120). The measurements were then
used to calculate BMI percentile. The subjects
were scheduled for enrollment at their first clinical
examination; subsequently, during a second visit
seven to ten days before saliva collection, they
underwent a professional supra-gingival and subgingival scaling session and received a review of
oral hygiene techniques.
The subjects received detailed information
about the collection protocol, all samples
collected in the morning at 9), the exclusion of
tooth brushing before sample collection, and the
instruction to avoid food and fluid ingestion or
chewing gum for at least 30 min before collection,
and mouth cleansing with distilled water. Saliva
collected using a passive drooling method.
Saliva sample was stored in an ice box
before sending to the biochemistry laboratory,
where they were centrifuged to separate the
precipitates in saliva. The samples analyzed for
total protein content and BALP by using Bradford
Assay Kit (Thermo Fisher Scientific, USA) and
Enzyme-Linked Immunosorbent Assay (ELISA)
Kit (Elabscience, China), respectively, following
the manufacturer’s instructions.
Measurement of total protein and BALP
were determined using a microplate reader
(iMarkTM, Micro-plate Absorbance Reader; BioRad, Hercules, California, USA) set to the Optical
Density (OD) 595 nm and 450 nm, respectively.
For BALP, the enzyme-substrate reaction was
terminated by the addition of a sulphuric acid
solution and the color turns yellow. The OD value
was proportional to the concentration of BALP.
The concentration of BALP in the samples was
calculated by comparing the OD of the samples
to the standard curve. The minimum detectable
dose of BALP was 46.875 pg/mL with a
coefficient of variation were <10%. No significant
cross-reactivity or interference between BALP
and analogs was reported.
Puberty phase was assessed using the
CVMS method on lateral cephalogram according
to the definition as described by Baccetti.9 The
CVMS observer blinded of the result of
biochemical assay of the subjects. After the
stage of CVMS was assessed, then the subjects
were divided into 3 clusters by puberty phase, i.e.,
pre-peak (CVMS stage 1 and 2), peak (CVMS
stage 3 and 4), and post-peak (CVMS stage 5
and 6) groups.10
The data were analyzed using SPSS
software version 17.0 (SPSS Inc., Chicago, IL,
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USA) was used to perform the statistical analysis.
The significance of the differences in the sex
distribution was tested by chi-square analysis.
Chronological age, level of salivary BALP, and
BMI percentile among the experimental groups
were tested using Brown- Forsythe followed by
Tamhane's posthoc test and One-way Analysis
of Variance (ANOVA) followed by a Tukey's posthoc test for pairwise comparisons, respectively.
The multivariate analysis was multinomial logistic
regression with the puberty phase (pre-peak and
peak where are post-peak acts as a reference)
as the dependent variable.
Results
The result of bivariate analysis between
the tested variable and puberty phase is
summarized in table 1.
Based on the bivariate test, the variables
that can be included in the multinomial logistic
regression analysis were the chronological age,
salivary BALP levels and BMI percentile(Table 2).
The validation of the model to predict the
puberty phase through correct classification rates
can be seen in table 3. The validation of data
resulted in the correct classification rates of 78%
for prediction of pre-peak phase and 57.7% for
prediction of peak phase; whereas the rate for
the post-peak phase was 81.4%. Based on the
Nagelkerke value, the coefficient determinant
value (pseudo-R-Square) from the resulting
modeling is 0.675. The R- Square indicates that
the ability of the independent variable to explain
the dependent variable is 67.5 % or in other
words, it can be assumed that 32.5% of the other
factors outside independent variables can explain
the dependent variables.
Diff.
(p value)

Puberty phase
Variable
22/19

30/22

Postpeak
19/24

29.73
(28.1)
1001.71
(594.97)
130.51
(13.80)

47.85
(32.2)
834.80
(411.90)
160.42
(26.85)

50.72
(32.27)
691.16
(334.97)
195.32
(16.61)

Pre-peak
Gender
BMI
Salivary BALP
Chronological Age

Peak

.41
.003
.011
<.001

Table 1. Gender, BMI, salivary BALP and
chronological age of the subjects (n = 136) in the
different growth phase groups. Gender is
presented as number of cases; BMI (percentile),
salivary BALP (pg/mL), and chronological age
Volume ∙ 12 ∙ Number ∙ 3 ∙ 2019
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(months) as mean (SD). Diff., significance of the
differences among the groups (p <0.05).
Predictor
Variable

Pubertyphase

Pre-peak

Peak

Chronological
age
Salivary BALP
BMI percentile
Chronological
age
Salivary BALP
BMI percentile

Odds ratio

95%
Confidence
Interval

0.874
1.002
0.979

0.838, 0.912
1.001, 1.004
0.955, 1.002

0.942
1.001
0.994

0.921, 0.964
0.999, 1.002
0.977, 1.010

Table 2. Multinomial logistic regression
predicting puberty phase from the chronological
age, salivary BALP levels and BMI percentile.
*The reference category was post-peak, † Salivary BALP
level (pg/ml), ‡ Chronological age (months)

Pre-peak phase
Peak phase
Post-peak phase

Prediction
PreCorrect
Peak Post-peak
peak
Classification
phase
phase
phase
Rates
32
9
0
78.0%
12
30
10
57.7%
0
8
35
81.4%

Table 3. Validation of prediction model through
correct classification rates
Discussion
In this study, BALP levels were examined
because of their more specific characteristics,
i.e., to measure bone metabolism during the
span of growth compared to total ALP activities.
Perinetti et al. who reported that the highest of
ALP activity in the GCF was during the peak of a
puberty growth spurt.12 Tobiume et al. also stated
that the peak of serum bone ALP activity
occurred during infancy and puberty, indicating
high bone metabolism during these periods.21
The level and activity of an enzyme are two
different things. The increased levels of enzyme
will not directly increase the activity of the
enzyme due to the influence of environmental
factors such as temperature and the degree of
acidity to enzyme activity.33 This study is the first
to analyze the relationship between salivary
BALP levels and the phase of puberty. Therefore,
the comparison was made to studies in the field
of pediatric medicine, which has used the levels
of BALP serum against the phase of puberty. The
results showed that there was a tendency to
have the same pattern i.e., the decreasing levels
with the increasing phase of puberty.22, 34, 35 It is
possible that this pattern can be connected to the
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role of ALP plays in bone mineralization which
occurs at the early stages of bone tissue
formation. The role of ALP isoenzymes in the
mineralization can be examined through the
genetic expression during the osteoblast
differentiation and calcification of growth-plate
cartilage. In both processes, the expression of
ALP appears in the early stages.36,37
Most literature states that chronological
age cannot represent the phase of puberty
because there is a wide age variation towards
the skeletal maturation stage.38-40 However, this
study did not demonstrate a wide variety of
chronological age for each phase of puberty
based on CVMS method. Our finding shows that
chronological age has a significant positive
association with the puberty phase. Therefore,
chronological age can contribute to the salivary
BALP in predicting the phase of puberty.
The influence of gender on skeletal
maturation or the phase of puberty has been
verified by other research and literature.13,15
Gender dimorphism is also evident in the subject
of this study, in which the girls have reached the
phase of puberty earlier compared to the boys.
Although there was a slightly different proportion
between several phases, however, the results of
this study have indicated a balanced proportion
of gender.
The literature shows different results and
contradictions and some studies have concluded
that there is an effect of BMI towards the skeletal
maturation but there is also the opposite.41,42 The
results of this study indicate that BMI percentile
has a significant relationship with the phase of
puberty so it is estimated that it can contribute to
BALP saliva in order to predict the phase of
puberty.
Multinomial logistic regression yielded a
probability for predicting the puberty phase with a
predictor of chronological age; salivary BALP
levels; and BMI percentile. To date, no published
studies have investigated the puberty phase
prediction from a combination of chronological
age, salivary BALP, and BMI percentile. Based
on the validation results, these three variables
can be used to predict the puberty phase
primarily at the pre-peak and post-peak phases,
whereas to predict peak phase, the accuracy is
less adequate. These data potentially can be
used by a clinician to identify the pre-peak phase
of puberty. This phase is critical in determining
the optimal timing of orthodontic treatment,
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especially for modifying the growth of jaws
because the effectiveness of this treatment is
minimal after the peak phase of puberty.
In the future, some suggestions can be
put forward based on the results of this study,
which is to confirm the result of this study through
another subject group. Also, further study is
needed to compare the BALP levels between
saliva and GCF. Moreover, it is recommended to
research analyzing the relationship between
BALP levels and total ALP activities on both
saliva and GCF.
Conclusion
The puberty phase can be predicted as a
non-radiographic, non-invasive and objective way
by using salivary BALP levels, chronological age,
and BMI percentile. The most accurate predictor
of puberty phase is the pre-peak and post-peak
phases. Salivary BALP levels are potential
biomarkers of puberty phase. The levels are high
at the pre-peak phase and decrease with the
increasing phase of puberty.
Acknowledgements
The authors acknowledge to Endang W.
Bachtiar, PhD for supervision in laboratory work
at Oral Biology Laboratory, Faculty of Dentistry,
University of Indonesia.
Declaration of Interest
None to declare.
References
1.
2.

3.

4.

5.

6.

7.

Tripathi T, Gupta P, Rai P. Biochemical markers as skeletal
maturity indicators. Int J Orthod Rehabil 2017;8:60-6.
Ball G, Woodside D, Tompson B, Hunter W, Posluns J.
Relationship between cervical vertebral maturation and
mandibular growth. Am J Orthod Dentofacial Orthop.
2011;139:455–61.
Ishaq RA, Soliman SA, Foda MY, Fayed MM. Insulin like
growth factor I: A biologic maturation indicator. Am J Orthod
Dentofacial Orthop 2012;142:654-61.
Nestman TS, Marshall SD, Qian F, Holton N, Franciscus RG,
Southard TE. Cervical vertebrae maturation method
morphologic criteria: poor reproducibility. Am J Orthod
Dentofacial Orthop. 2011;140:182–8.
Gupta S, Jain S, Gupta P, Deoskar A. Determining skeletal
maturation using insulin-like growth factor I (IGF-I) test. Prog
Orthod 2012;13:288-95
Srinivasan B, Premkumar S. Assessment of serum
dehydroepiandrosterone sulphate in subjects during the prepubertal, pubertal, and adult stages of skeletal maturation. Eur
J Orthod 2012;34:447-51.
Trakinienė G, Smailienė D, Kučiauskienė A. Evaluation of
skeletal maturity using maxillary canine, mandibular second

Page 1066

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

and third molar calcification stages. Eur J Orthod 2016:38:398403.
Santiago RC, de Miranda Costa LF, Vitral RWF, Fraga MR,
Bolognese AM, Maia LC. Cervical vertebral maturation as a
biologic indicator of skeletal maturity: a systematic review.
Angle orthod 2012;82:1123-31.
Baccetti T, Franchi L, McNamara JA. An Improved Version of
the Cervical Vertebral Maturation (CVM) Method for the
Assessment of Mandibular Growth.
Angle Orthod
2002;72:316-23.
Baccetti T, Franchi L, McNamara JA. The Cervical Vertebral
Maturation Method for the Assessment of Optimal Treatment
Timing in
Dentofacial Orthopedics. Semin Orthod
2005;11:119-29.
Masoud M, Masoud I, Kent RL, et al. Assessing Skeletal
Maturity by using Blood Spot Insulin-Like Growth Factor I (IGFI) Testing. Am J Orthod Dentofac Orthop2008;134:209-16.
Perinetti G, Baccetti T, Contardo L, et al. Gingival Crevicular
Fluid Alkaline Phosphatase Activity as A Non-Invasive
Biomarker of Skeletal Maturation. Orthod Craniofac Res
2011;14:44-50.
Flores-Mir C, Nebbe B, Major PW. Use of Skeletal Maturation
Based on Hand-Wrist Radiographic Analysis as A Predictor of
Facial Growth: A Systematic Review. Angle Orthod
2004;74:118-24.
Wong RWK, Alkhal HA, Rabie ABM. Use of Cervical Vertebral
Maturation to Determine Skeletal Age. Am J Orthod
Dentofacial Orthop2009;136:484.e1-6.
Soegiharto BM, Cunningham SJ, Moles DR. Skeletal
Maturation in Indonesian and White Children Assessed With
Hand-Wrist and Cervical Vertebrae Methods. Am J Orthod
Dentofac Orthop 2008;134:217-26.
Franchi L, Baccetti T, McNamara JA. Mandibular Growth as
Related to Cervical Vertebral Maturation and Body Height. Am
J Orthod Dentofac Orthop 2000;118:335-40.
Baccetti T, Franchi L, De Lisa S, et al. Eruption of The
Maxillary Canines in Relation to Skeletal Maturity. Am J Orthod
Dentofac Orthop 2008;133:748-51.
Silva CC, Goldberg TBL, Nga HS, et al. Impact of Skeletal
Maturation on Bone Metabolism Biomarkers and Bone Mineral
Density in Healthy Brazilian Male Adolescents. J Pediatr (Rio
J) 2011;87:450-6.
Szulc P, Seeman E, Delmas PD. Biochemical Measurements
of Bone Turnover in Children and Adolescents. Osteoporos
Int2000;11:281-94.
Seibel MJ. Biochemical Markers of Bone Turnover: Part I:
Biochemistry and Variability. Clin Biochem Rev 2005;26:97122.
Tobiume H, Kanzaki S, Hida S, et al. Serum Bone Alkaline
Phosphatase Isoenzyme Levels in Normal Children and
Children with Growth Hormone (GH) Deficiency: A Potential
Marker for Bone Formation and Response to GH Therapy. J
Clin Endocrinol Metab 1997;82:2056-61.
Fortes CMT, Goldberg TBL, Kurokawa CS, et al. Relationship
Between Chronological and Bone Ages and Pubertal Stage of
Breasts with Bone Biomarkers and Bone Mineral Density in
Adolescents. Jornal de Pediatria 2014;90:624-31.
Tsai KS, Jang MH, Hsu SHJ, et al. Bone Alkaline Phosphatase
Isoenzyme and Carboxy-Terminal Propeptide of Type-I
Procollagen in Healthy Chinese Girls and Boys. Clin Chem
1999;45:136-8.
Kaufman E, Lamster IB. The Diagnostic Applications of Saliva
- A Review. Crit Rev Oral Biol Med 2002;13:197-212.

Volume ∙ 12 ∙ Number ∙ 3 ∙ 2019

Salivary Bone-Specific Alkaline Phosphatase
Harryanto Wijaya, and et al

25. Mittal S, Bansal V, Garg S, et al. The Diagnostic Role o\f
Saliva - A Review. J Clin Exp Dent 2011;3:e314-e320.
26. Pellegrini GG, Gonzales Chaves MMS, Fajardo MA, et al.
Salivary Bone Turnover Markers in Healthy Pre- and
Postmenopausal Women: Daily and Seasonal Rhythm. Clin
Oral Investig 2012;16:651-7.
27. Flórez-Moreno, Gloria A.Marín-Restrepo, Lina M.IsazaGuzmán, et al. Screening for Salivary Levels of
Deoxypyridinoline and Bone-Specific Alkaline Phosphatase
during Orthodontic Tooth Movement: A Pilot Study. Eur J
Orthod 2013;35:361-8.
28. Pellegrini GG, Gonzales CM, Somoza JC, et al. Correlation
between Salivary and Serum Markers of Bone Turnover in
Osteopenic Rats. J Periodontol 2008;79:158-65.
29. Sanders J, Howell J, Qiu X. Comparison of the Paley Method
Using Chronological Age with Use of Skeletal Maturity for
Predicting Mature Limb Length in Children. J bone Jt Surg Am
2011;93:1051-6.
30. James M T. Puberty and the Tanner Stages - Developed by
Professor James M Tanner. Child Growth Found 2012:5-6.
31. Demirjian A, Buschang PH, Tanguay R, et al.
Interrelationships Among Measures of Somatic, Skeletal,
Dental, and Sexual Maturity. Am J Orthod1985;88:433-8.
32. DuPlessis EA, Araujo EA, Behrents RG, et al. Relationship
Between Body Mass and Dental and Skeletal Development in
Children and Adolescents. Am J Orthod Dentofac
Orthop2016;150:268-73.
33. Bayındırlı A. Introduction to Enzymes. Enzym Fruit Veg
Process. 2010.
34. Fares JE, Choucair M, Nabulsi M, et al. Effect of Gender,
Puberty, and Vitamin D Status on Biochemical Markers of
Bone Remodeling. Bone 2003;33:242-7.
35. Mora S, Pitukcheewanont P. Biochemical markers of bone
turnover and the volume and the density of bone in children at
different stages of sexual development. J bone Miner Res
1999;14:1664-71.
36. Golub EE, Boesze-Battaglia K. The Role of Alkaline
Phosphatase in Mineralization. Curr Opin Orthop2007;18:4448.
37. Kawai M, Mödder UI, Khosla S, et al. Emerging Therapeutic
Opportunities for Skeletal Restoration. Nat Rev Drug Discov
2011;10:141-56.
38. Abdulla H, Wong RWK, Rabie a BM. Correlation between
Chronological Age, Cervical Vertebral Maturation and
Fishman’s Skeletal Maturity Indicators in Southern Chinese.
Am J Orthod Dentofac Orthop 2008;78:9-11.
39. Calfee RP, Sutter M, Steffen JA, et al. Skeletal and
Chronological Ages in American Adolescents: Current
Findings in Skeletal Maturation. J Child Orthop 2010;4:467-70.
40. Perinetti G, Contardo L. Gingival Crevicular Fluid Alkaline
Phosphatase Activity in Relation to Pubertal Growth Spurt and
Dental Maturation: A Multiple Regression Study. South Eur J
Orthod Dentofac Res. 2016;3:6-11.
41. Mack KB, Phillips C, Jain N, et al. Relationship Between Body
Mass Index Percentile and Skeletal Maturation and Dental
Development in Orthodontic Patients. Am J Orthod Dentofacial
Orthop. 2013;143:228-34.
42. Hedayati Z, Khalafinejad F. Relationship between Body Mass
Index, Skeletal Maturation and Dental Development in 6- to
15- Year Old Orthodontic Patients in a Sample of Iranian
Population. J Dent (Shīrāz, Iran) 2014;15:180-6.

Page 1067

