
1346

Mustafa M Al-Khatieeb et al.

JCDP

ABSTRACT
Aim: The current study was aimed to determine the relation-
ship between the orthodontic force applied by monobloc and 
the salivary level of alkaline phosphatase (ALP) and lactate 
dehydrogenase (LDH) enzymes, considering the time factor 
after insertion of the appliance and whether there is a correla-
tion between these enzymes. 

Materials and methods: A sample of 28 growing patients 
requiring orthodontic treatment with myofunctional appliance 
(Monoblock) was taken for the current study with an age range 
9 to 12 years,all patients had Angle’s class II division 1 mal-
occlusion with no or mild crowding, the sample was selected 
using simple random sampling. Only 16 subjects (10 males and 
6 females) were included who follow certain inclusion criteria. 
Unstimulated saliva was collected from the patients before 
monoblock insertion, then 1 hour after insertion, followed by 
14 days and 28 days. Salivary levels of ALP and LDH were 
measured using a spectrophotometer and compared with the 
base line.

Results: The results revealed that ALP and LDH levels increased 
with increasing time after monoblock insertion, and there was 
the statistically insignificant difference after 1-hour post-inser-
tion for ALP enzyme level, but highly significant after 14 and 28 
days. While for LDH level,there was the statistically significant 
difference after 1-hour post-insertion, but highly significant dif-
ference after 14 and 28 days post-insertion. In this regard to 
the relation between salivary ALP and LDH enzymes levels at 
different time intervals, showed that there were no significant 
correlations between the enzymes using Pearson’s correlation  
test.

Conclusion: The ALP and LDH salivary enzymes activity is 
affected by mechanical forces generated by monobloc activator 

and these enzymes activities can also be increased during 
the rapid growth phase of childhood such as late infancy and 
early puberty where the age of subjects was selected in the 
current study.

Clinical significance: The determination of ALP and LDH 
salivary enzymes activities during the skeletal maturity is 
crucial for the success of myofunctional monobloc treatment; 
therefore, saliva can be used as a noninvasive diagnostic tool 
for determination of chemical biomarkers for detection of bone 
remodeling process during myofunctional monoblock treatment

Keywords: Alkaline phosphatase (ALP), Lactate dehydroge-
nase (LDH), Monoblock, Orthodontic force, Salivary levels.

How to cite this article: Al-Khatieeb MM, Rafeeq RA, Saleem AI.  
The Relationship Between Orthodontic Force Applied by 
Monoblock and Salivary Levels of Alkaline Phosphatase and 
Lactate Dehydrogenase Enzymes. J Contemp Dent Pract 
2018;19(11):1346-1351.

Source of support: Nil 

Conflict of interest: None

INTRODUCTION

During orthodontic treatment, to get movement of the 
teeth, orthodontic treatment needs an optimum force, this 
optimum force should produce a maximum rate of tooth 
movement with minimum irreversible jeopardization of 
the periodontium.1

Orthodontic tooth movement is characterized by 
tissue responses and reactions, which consists of an 
inflammatory response in periodontal ligament and 
followed by bone remodeling in the periodontal tissues 
depending on the amount, type, direction, and period 
of forces applied, these processes trigger the production 
of various proteins and enzymes into the saliva. During 
orthodontic treatment, an orthodontic force results in 
alveolar bone remodeling that are represented by alveolar 
bone resorption in the pressure side and bone formation 
in the tension side.2
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To monitor, orthodontic tooth movement noninvasively  
in human beings, changes have been examined in the 
patient profile, the levels of various enzymes, cytokines, 
growth factors, biomarkers and proteoglycans in gingival 
crevicular fluid and saliva. Among those components 
that change and response to orthodontic force, ALP, 
TRAP, LDH, and aspartate aminotransferase (AST).3,4 
Although the clinical and radiographic follow-up 
examination remains the basis for patient’s evaluation, 
an investigation of saliva, that is a fluid that contains 
local and systemically derived markers, may provide the 
basis for a phase-specific screening of orthodontic tooth 
movement.5 Appropriate timing of the interception of 
skeletal malocclusion is the key to success in dentofacial 
orthopedics. In Class II growing subjects, the amount 
of supplementary mandibular growth induced by 
functional appliances appears to be significantly greater 
when the functional treatment is performed during the 
pubertal growth spurt.6 The increase in osteoblastic 
activity during bone formation will be accompanied by 
an increased expression of an enzyme called alkaline 
phosphatase.7 To investigate the bone remodeling pattern 
based on ALP activity during an orthodontic treatment, 
body fluids such as saliva can be used.8

The identification of salivary biomarkers and its 
use as a diagnostic tool has many advantages. It is 
much easier to collect; sufficient quantities can easily 
have obtained for analysis and no specific laboratory 
devices are necessary. The collection of saliva is also 
far less invasive compared to other body fluids such 
as gingival crevicular fluid and serum.9 To the best of 
authors knowledge, no studies to date have described 
the ALP and LDH enzymatic activity in saliva during 
myofunctional treatment with monoblock activator. The 
aim of the current study was to determine and evaluate 
the changes in ALP and LDH enzymes activity in saliva 
when orthodontic force was applied by monoblock, 
considering the time factor after insertion of the 
appliance and whether there is a correlation between 
these enzymes, and if these observations can be used 
in the future for assessing the improvement of the bone 
remodeling process during orthodontic myofunctional 
treatment with monoblock and achieving the optimal 
treatment results at such age group of subjects.

MATERIALS AND METHODS 

A sample of 28 growing patients requiring orthodontic 
treatment with myofunctional appliances (Monoblock) 
was taken for the current study with age ranged 9 to  
12 years. Patients involved were attending the postgraduate 
clinic of the Orthodontic Department in the College of 
the Dentistry/University of Baghdad. All patients had 

Angle’s class II division 1 malocclusion with no or mild 
crowding (about 2–3 mm), the sample was selected using 
simple random sampling.10-12

Only 16 subjects (10 males and 6 females) were 
included, all of them follow the inclusion criteria, 
which were free of oral and systemic diseases, had no 
periodontal problems, and had not been on a regimen 
of antibiotic therapy for at least 3 months before the 
commencement of the study. The subjects were willing 
to follow the oral hygiene instructions provided by the 
investigator strictly and agreed to follow the oral hygiene 
program, and orthodontic treatment prescribed for 
them with informed consents were obtained from the 
parents before the study. To standardize the sample, all 
the orthodontic appliances (Monoblock) were made by 
the same technician in the orthodontic laboratory. The 
selected patients were instructed to brush and use dental 
floss three times a day. For standardization, the oral 
hygiene of all the patients was provided by their parents 
throughout the study.

The patient was instructed not to drink or eat for at 
least 1 hour before the sample collection. The patient 
was instructed to sit in a comfortable position and spit 
unstimulated saliva into sterile plane plastic test tube 
within 10 minutes. About 5 mL of unstimulated whole 
saliva were collected into 10 mL sterile plastic plane test 
tube and was put in a cooling box to stop the growth of 
bacteria, as shown in Figure 1.

The samples were taken from each pat ient 
immediately before fitting the orthodontic appliance 
(Monoblock) at baseline, then after one hour, 14 days 
and 28 days after insertion of the appliance. The whole 
saliva was undergone a process of centrifugation for 
20 minutes at 3000 RPM to get a supernatants saliva 
that was free from insoluble materials, after salivary 
collection by a pipette into Eppendorf tubes and frozen 
at minus 20º C until biochemical analysis, as shown in 
Figure 2A to C.13-15

Fig. 1: Cooling box
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the level increased to a value of 42.38 ± 8.98 after one-
hour post-insertion, while after 14 days of wearing the 
monoblock the level also increased to the value of 64.00 
± 15.50, after 28 days the level of the enzyme revealed 
a peak of 104.06 ± 28.47. The difference between time 
intervals was highly significant (p = 0.000) using F-test 
analysis of variance, as shown in Table 1. 

The difference between time intervals for salivary 
enzyme ALP level using LSD showed that there was a 
statistically insignificant difference (p > 0.05) between 
baseline time and 1-hour post-insertion of monoblock 
appliance, while there were highly significant differences 
(p < 0.01) between one hour and 14 days, and 14days and 
28 days, as shown in Table 2.

The mean salivary enzymes LDH level in IU/L was 
179.63 ± 22.55 at the baseline before insertion of the 
monobloc, the level increased to 225.81 ± 33.06 after 
1-hour post-insertion of the appliance, while after 14 
days of wearing the monoblock the level also increased 
to the value of 320.19 ± 60.64, and the level of the LDH 
enzyme reached to the peak with a value of 496.31 ± 98.04. 
The difference between time intervals was also highly 
significant (p = 0.000) using F-test analysis of variance, 
as shown in Table 1. 

The difference between time intervals for salivary 
enzyme LDH level using least significant difference test 
(LSD) showed that there was a statistically significant 
difference (p < 0.05) between base line time and one-hour 
post-insertion of monoblock appliance, while there were 

The samples’ analyzes were done in a private laboratory 
(Beirut Laboratory) to measure the concentration of 
ALP and LDH enzymes in saliva by kinetic method 
(spectrophotometrically) Mindray, semi-auto chemistry 
analyzer, model BA–88A Nanshan, Shenzhen 518057,  
P. R. China at constant temperature of 37° C, with less than 
0.05° C fluctuation, as shown in Figure 3.16-20

Statistical Analysis

The data were analyzed using the Statistical Package for 
the Social Sciences program (SPSS), version IBM SPSS 
Statistics 24. The analyses including descriptive statistics 
(means and standard deviation) and inferential statistics 
[one-way analysis of variance (ANOVA)] were used to 
analyze the differences among mean salivary enzymes 
ALP and LDH activities (IU/L) at different time intervals, 
and if ANOVA revealed a significant difference, the least 
significant difference test (LSD) was used. Pearson’s 
correlation test evaluated the correlation between salivary 
enzymes at different time intervals.

RESULTS

The mean salivary enzymes ALP level in IU/L was 33.94 
± 7.36 at the baseline before insertion of the monoblock, 

Figs 2A to C: Centrifuge, pipette and eppendorf tube, and 
samples are frozen at minus 20° C

A B C

Fig. 3: Spectrophotometry

Table 1: Descriptive and inferential statistics for salivary 
enzymes ALP and LDH activities (IU/L) at different time intervals

Enzyme ALP LDH
Duration Mean (IU/L) SD Mean (IU/L) SD
Baseline 33.94 7.36 179.63 22.55
1 hour 42.38 8.98 225.81 33.06
14 days 64.00 15.50 320.19 60.64
28 days 104.06 28.47 496.31 98.04
F-test 52.96 84.28
df 63 63
p-value 0.00 0.00
Sig. HS HS

Table 2: Difference between time intervals for salivary enzymes 
ALP and LDH levels using least significant difference test

Duration
ALP LDH

p-value Sig. p-value Sig.
Baseline 1 hour 0.171 NS 0.036 S
1 hour 14 days 0.001 HS 0 HS
14 days 28 days 0 HS 0 HS
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development, while promoting vertical and mesial 
mandibular dentoalveolar development, if the Monobloc 
used during the growth spirit of the patient, it can cause 
an inhibition in the horizontal growth of maxilla and 
a significant decrease of the SNA angle,32-34 and an 
increase in the condylar growth and a bone remodeling 
at the glenoid fossa and articular eminence, thus the 
combination of these effects resulting in a permanent 
forward mandibular posture,33 on the other hand, 
investigators observed upper lip retrusion and soft 
tissue pogonion was further anteriorly positioned after 
the treatment with the monoblock.34

Since ALP is very important enzyme, and it is considered 
as a part of normal turnover of periodontal membrane, 
cementum, and bone, because it is produced by many cells 
including fibroblasts, cementoblasts, and osteoblasts, so 
all these forming cells show to have ALP activity, and the 
main source in saliva and gingival crevicular fluid is the 
neutrophils,24,35 while LDH is an enzyme which reflects a 
tissue destruction and necrosis which were demonstrated 
during heavy orthodontic tooth movement.36,37

Regarding the enzymatic profile in saliva which 
reflects the process that occurs after monoblock insertion, 
both enzymes ALP and LDH showed a highly significant 
difference at different periods of time (1 hour, 14 days, and 
28 days) after insertion of the monoblock (baseline time), 
this reveals a bone remodeling can occur after wearing 
the monoblock appliance, this can be supported by other 
studies that generally stated when any orthodontic force is 
applied, there will be a ruptured osteoblast and fibroblast, 
and their cellular content will be released extracellularly 
and tissue destruction occurred, thus resulting in the release 
of the ALP and LDH in saliva from gingival crevicular 
fluid,24,25,38-43 current study finding showed that the level of 
ALP salivary enzyme not significantly increased after one 
hour of monoblockinsertion, while the level of LDH salivary 
enzyme significantly increased after one hour from the 
monoblock insertion, this occurrence is in accordance with 
the process of starting bone remodeling after insertion of 
monoblock, our finding further demonstrates that the bone 
destruction can occur as early as one hour post-insertion of 
monoblock, which can confirm the bone turnover process 
interpreted by Perinetti et al,24 who described that the 
bone resorption can occur before bone formation during 
application of orthodontic force, and this principle is 
congruent with our result.

While the level of ALP and LDH enzymes activities 
showed highly significant differences after 14 days and 
28 days, these findings demonstrated that there were 
overlaps between bone destruction and bone formation 
processes during wearing time of the monoblock, our 
result is in accordance with the basic principle of bone 

Table 3: Correlation Between salivary enzymes ALP  
and LDH levels at different time intervals

ALP and LDH
 Pearson 
correlation p-value Sig.

Baseline 0.259 0.351 NS
1 hour 0.407 0.133 NS
14 days 0.127 0.651 NS
28 days 0.083 0.767 NS

highly significant differences (p = 0.00) between one hour 
and 14 days, and 14 days and 28 days, as shown in Table 2. 

Regarding the relation between salivary ALP and 
LDH enzymes levels at different time intervals, Table 3  
shows that there were no significant correlations  
(p > 0.05) between the enzymes at different time intervals 
using Pearson’s correlation test.

DISCUSSION

The myofunctional monoblock activator used in the 
current study consisted of a plastic device fitted on 
the lingual side of both upper and lower dentition and 
constructed to a bite interdentation block which will alter 
the mandible’s functioning position.21 this appliance is 
passive itself but serves as transmitter of forces generated 
by the oral and facial musculature when used in the 
oral cavity, so the principle of orthodontic treatment 
by monoblock myofunctional activator is based on 
redirection the pressures of the facial and masticatory 
muscles on the tooth and supporting structures to 
produce improvements in the tooth arrangements and 
occlusal relations by improving mainly jaws relations.22 
Various amounts of force magnitude, duration, and 
frequency applied a great effect on the surrounding 
tissues involving a bone remodeling process.23

Generally, many researchers have described the role 
of biomarkers during orthodontic force application such 
as ALP and LDH salivary enzymes activities, which have 
been associated with the bone remodeling process,24-28 
but this is the first ever research done to describe the 
activity of ALP and LDH enzymes expression in the 
saliva during myofunctional treatment with monoblock 
activator, the age at which the myofunctional appliance 
used is of a prime importance for successful treatment 
of Class II malocclusion, it should be initiated during 
the middle to the late mixed dentition period where the 
active growth is occurring, and the success is also totally 
dependent on patient cooperation and the appliance 
should be worn for a prolong period,29 Ever since such 
type of appliances had an effect on teeth, researchers30,31 
found significant dentoalveolar change,a class I 
occlusion was achieved by distal tipping of maxillary 
dentition and mesial and vertical tipping of mandibular 
teeth by inhibiting vertical maxillary dentoalveolar 
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remodeling process that stated a bone remodeling is 
carried out by a functional and anatomic structure 
known as the basic multicellular bone unit that works 
in a coordinated overlapping manner.44,45

There were no significant correlations between ALP 
and LDH salivary enzymes at different periods of time 
after wearing the appliance and these correlations were 
not strong (weak, “r < 0,4”), this enzymatic protein 
expression may require more accurate and sensitive 
investigations and procedures to obtain a more obvious 
view to the real relation of active salivary biomarker that 
precisely reflects bone remodeling cycle during usage of 
monoblock.

CONCLUSION AND CLINICAL CONSIDERATION

It can be concluded from the results of the current 
study that ALP and LDH salivary enzymes activity is 
affected by mechanical forces generated by monobloc 
myofunction activator that can cause a bone remodeling 
process around the teeth and at the growth center in 
the temporomandibular joint, although these enzymes 
might be fluctuated by factors other than orthodontic 
forces such as gingival and periodontal inflammation, 
and oral hygiene of the subjects involved, where these 
other factors were kept under control during the course 
of the study, furthermore the ALP and LDH salivary 
enzymes activities can also be increased during rapid 
growth phase of childhood such as late infancy and early 
puberty, where the age of subjects sample was selected 
in the current study, so the determination of the skeletal 
maturity is crucial for the success of myofunctional 
monoblock treatment; therefore, saliva can be used 
as a noninvasive diagnostic tool for determination of 
chemical biomarkers for detection of bone remodeling 
process during myofunctional monoblock treatment 
and to a lesser extent can identify how much is the bone 
remodeling improvement and how much is the skeletal 
maturity at such age group subjects. Consequently, the 
ALP and LDH salivary enzymes can be promising bone 
remodeling biomarkers to assess the biological alterations 
and improvement in the bone remodeling process that 
occurs during treatment with monoblock activator and 
achieving the optimal treatment results at such age group 
of subjects.

REFERENCES

	 1.	 Ren Y, Maltha JC, Van’t Hof MA, Kuijpers-Jagtman AM. 
Optimum force magnitude for orthodontic tooth movement: 
A mathematic model. Am J Orthod Dentofacial Orthop 2004; 
Jan 1;125(1):71-77.

	 2.	 Seibel MJ. Biochemical markers of bone turnover Part I: Bio-
chemistry and variability. The Clinical Biochemist Reviews 
2005 Nov;26(4):97-122.

	 3.	 Grieve WG, Johnson GK, Moore RN, Reinhardt RA, DuBois LM.  
Prostaglandin E (PGE) and interleukin-1 beta (IL-1 beta) 
levels ingingival crevicular fluid during human orthodontic 
tooth movement. Am J Orthod Dento fac Orthop 1994 April; 
105(4):369-374.

	 4.	 Waddington RJ, Embery G. Proteoglycans and orthodontic 
tooth movement. J Orthod 2010 Dec;28(4):281-290.

	 5.	 Flórez-Moreno GA, Marín-Restrepo LM, Isaza-Guzmán 
DM, Tobón-Arroyave SI. Screening for salivary levels of 
deoxypyridinoline and bone-specific alkaline phosphatase 
during orthodontic tooth movement: a pilot study. Eur J 
Orthod, 2013 June; 35(3):361-368.

	 6.	 Bambha JK, Natta P V. Longitudinal study of occlusion and 
tooth eruption in relation to skeletal maturation. American 
Journal of Orthodontics 1963;49(7):481-493.

	 7.	 Intan ZZA, Shahrul H, Rohaya MAW, Sahidan S, Zaidah 
ZA. Osteoclast and osteoblast development of Mus muscu-
lus haemopoietic mononucleated cells. J Biol Sci 2008;8(3): 
506-516. 

	 8.	 Shahrul Hisham ZA, Mohd FE, Rohaya MAW, Yosni B, 
Sahidan S. Profiles of Lactase Dehydrogenase, Tartrate Resis-
tant Acid Phosphatase andAlkaline Phosphatase in saliva 
during Orthodontic Treatment. SainsMalaysiana. 2010;39(3): 
405-412.

	 9.	 Zhang J, Zhou S, Zheng H, Zhou Y, Chen F, Lin J. Magnetic 
bead-based salivary peptidome profiling analysis during 
orthodontic treatment durations. Biochem and Biophyl 
ReseaCommun 2012 May;421(4):844-849.

	 10.	 Proffit WR, Fields HW, Sarver DM. Contemporary orthodon-
tics. 5Pth Ped. Mosby, Inc., an affiliate of Elsevier Inc., 2013. 

	 11.	 Abdul Ameer SA, Al-Huwaizi AF. Effect of orthodontic 
force on salivary levels of alkaline phosphatase and lactate 
dehydrogenase enzymes (A clinical study). A master thesis, 
College of Dentistry, University of Baghdad, 2014. 

	 12.	 Posen AL. 5The monobloc.Angle Orthodont. 1968 April, 38(2): 
121-128.

	 13.	 Asma AA, Rohaya MA, Shahrul HB. Pattern of Crevicular 
Alkaline Phosphatase During Orthodontic Tooth Movement: 
Leveling and Alignment Stage. SainsMalaysiana 2011;40(10): 
1147-1151.

	 14.	 Abdul-Hadi MJ, Alsafi KA. Evaluation of salivary enzymes 
activities among patients with chronic periodontitis. J Bagh 
College Dentistry 2010 Jan;22(1):65-67.

	 15.	 Ellias MF, Shahrul Hisham ZA, Karsanic SA, Abdul Rahman M,  
Senafi S, Abdul Wahab RM. Proteomic Analysis of Saliva 
Identifies Potential Biomarkers for Orthodontic Tooth Move-
ment. The Scientific World Journal 2012; Volume 2012, Article 
ID 647240:1-6. 

	 16.	 Flórez-Moreno GA, Isaza-Guzmán DM, Tobón-Arroyave SI. 
Time-related changes in salivary levels of the osteotropic 
factors sRANKL and OPG through orthodontic tooth 
movement. Time-related changes in salivary levels of the 
osteotropic factors sRANKL and OPG through orthodontic  
tooth movement. Am J OrthodDentofacOrthop 2013 Jan; 
143(1):92-100.

	 17.	 Al-Rawi NH. Oxidative stress, antioxidant status and lipid 
profile in the saliva of type 2 diabetics. Diab Vasc Dis Res. 
2011 Jan; 8:22-28.

	 18.	 Baker O, Conti H, Edgerton M, Freeman A, Gaffen S, Holland 
S, Jang W, Li R. New mechanism of oral immunity to mucosal 
candidiasisin hyper-IgE syndrome. Mucosal Immunol 2011 
Jul;4:448-455.



Relationship Between Orthodontic Force Applied by Monoblock and Salivary Enzymes

JCDP

The Journal of Contemporary Dental Practice, November 2018;19(11):1346-1351 1351

	 19.	 Agha-Hosseini F, Mirzaii-Dizgah I, Farmanbar N, Abdollahi 
M. Oxidative stress status and DNA damage in saliva of 
human subjects with oral lichen planus and oral squamous 
cell carcinoma. J Oral Pathol Med. 2012 Nov;41:736-740.

	 20.	 Hassan BK. The effect of smoking and passive smoking on 
periodontal health status and salivary enzymes level. A master 
thesis, College of Dentistry, University of Baghdad, 2013.

	 21.	 Robert E Moyers. Orthodontic technique. In: Handbook of 
Orthodontics. 4th Ed.1988; 511-560.

	 22.	 Tulley WJ, Houston W J B. FunctinalAppliance . In: A Text-
book of Orthodontics 1989; 244-257.

	 23.	 Krishnan V, Davidovitch Z. Cellular, molecular, and tissue-
level reactions to orthodontic force. Am J OrthodDentofac 
Orthop 2006 April;129(4):462-467.

	 24.	 Perinetti G, Varvara G, Festa F, Esposito P. Alkaline phos-
phatase activity in gingival crevicular fluid during human 
orthodontic tooth movement. Am J OrthodDentofacOrthop 
2002 Nov;122:548-556.

	 25.	 Perinetti G, Paolantonio M, Serra E. Longitudinal monitoring 
of subgingival colonization by Actinobacillusactinomycetem-
comitans, and crevicular alkaline phosphatase and aspartate 
aminotransferase activities around orthodontically treated 
teeth. J Clin Period 2004 Jan; 31(1):60-67.

	 26.	 Abidin IZZ, Ariffin SHZ, Ariffin ZZ, Wahab RMA. Potential 
differentiation of three types of primitive cellsoriginated 
from different proliferation terms of mouse blood. SainsMa-
laysiana 2010;39(2):305-313.

	 27.	 Yazid MD, Ariffin SHZ, Senafi SS, Razak MR, Wahab RMA. 
Determination of the differentiation capacities of murines’ 
primary mononucleated cells and MC3T3-E1 cells. Cancer 
Cell Int 2010 Oct;10(42):10-42.

	 28.	 Asma AAA, Rohaya MAW, ShahrulHisham ZA. Pattern of 
crevicular alkaline phosphatase during orthodontic tooth 
movement: leveling and alignment stage. SainsMalaysiana 
2011;40(10):1147-1151.

	 29.	 Tümer N1, Gültan AS. Comparison of the effects of mono-
block and twin-block appliances on the skeletal and dento-
alveolar structures. Am J Orthod Dentofacial Orthop. 1999 
Oct;116(4):460-468.

	 30.	 Pancherz H. A cephalometric analysis of skeletal and dental 
changes contributing to Class II correction in activator treat-
ment. Am J Orthod. 1984 Feb;85(2):125-134. 

	 31.	 Bjork A. The principle of the Andresen method of orthodontic 
treatment: a discussion based on cephalometric x-ray analysis 
of treated cases. Am J Orthod. 1951 Jul;37(7): 437-458. 

	 32.	 Vargervik K, Harvold EP. Response to activator treatment 
in Class II malocclusions. Am J Orthod 1985 Sep;88(3): 
242-251. 

	 33.	 Birkebaek L, Melsen B, Terp S. A laminographic study of the 
alterations in the temporomandibular joint following activa-
tor treatment. Eur J Orthod. 1984 Nov; 6(4):257-266. 

	 34.	 Forsberg CM, Odenrick L. Skeletal and soft tissue response 
to activator treatment. Eur J Orthod. 1981;3(4):247-253. 

	 35.	 Nakashima K, Roehrich N, Cimasoni G. Osteocalcin, prosta-
glandin E2 and alkaline phosphatase in gingival crevicular 
fluid: Their relations to periodontal status. J Clin Periodontol. 
1994 May; 21:327‑333.

	 36.	 Serra E, Perinetti G, D’Attilio M, Cordella C, Paolantonio 
M, Festa F, et al. Lactate dehydrogenase activity in gingival 
crevicular fluid during orthodontic treatment. Am J Orthod 
Dentofacial Orthop 2003 Aug;124:206‑211. 

	 37.	 Gurton AU, Akin E, Sagdic D, Olmez H. Effects of PGI2 and 
TxA2 analogs and inhibitors in orthodontic tooth movement. 
Angle Orthod 2004 Aug;74:526‑532.

	 38.	 Bonafe-Oliveira LB, Faltin RM, Chavez VEA. Ultrastructural 
and histochemical examination of alveolar bone at the pres-
sure areas of rat molars submitted to continuous orthodontic 
force. Eur J Oral Sci 2003 Oct; 111(5):410-416. 

	 39.	 Numabe Y, Hisano A, Kamoi K, Yoshie H, Kurihara H. 
Analysis of saliva for periodontal diagnosis and monitoring. 
J Period 2004; 40:115-119. 

	 40.	 Ozmeric N. Advances in periodontal disease markers. Clin 
Chim Acta J 2004 May; 343(12):1-16. 

	 41.	 Insoft M, King GJ, Keeling SD. The measurement of acid and 
alkaline phosphatase in gingival crevicular fluid during 
orthodontic tooth movement. Am J Orthod Dento fac Orthop 
1996 Mar;109:287-296. 

	 42.	 Asma AAA, Rohaya MAW, Hisham S. Crevicular alkaline 
phosphatase activity during orthodontic tooth movement: 
canine retraction stage. J Med Sci 2008 Apr;8:228-233. 

	 43.	 Abdul Wahab RM, Dasor MM, Senafi S, Abdullah AA, 
Yamamoto Z, Jemain AA, Ariffin SHZ. Crevicular Alkaline 
Phosphatase activity and rate of tooth movement of female 
orthodontic subjects under different continuous force appli-
cations. Int J Dentistry 2013;10(1155):245818-7.

	 44.	 Parfitt AM. Osteonal and hemi-osteonal remodeling: the 
spatial and temporal framework for signal traffic in adult 
human bone. J. Cell Biochem. 1994 Jul;55:273-286.

	 45.	 Seeman E. Bone modeling and remodeling. Crit. Rev. 
Eukaryot. Gene Expr. 2009;19:219-233.


