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abstract 
Background: The increasing of osteoblast activities during bone formation will be accompanied with the increasing expression of 

alkaline phosphatase enzyme (ALP). ALP can be obtained from clear fluid excreted by gingival crevicular fluid (GCF). Bone turnover, 
especially bone formation process, can be monitored through the expression of ALP secreted by GCF during orthodontic treatment. 
Thus, retention period is an important period that can be monitored through the level of bone metabolism around teeth. Purpose: This 
research were aimed to determine the relation of distance change caused by tooth relapse and ALP activities in gingival crevicular 
fluid after orthodontic; and to determine ALP as a potential biomarker of bone formation during retention period. Methods: Lower 
incisors of 25 guinea pigs were moved 3 mm to the distally by using open coil spring. Those  relapse distance were measured and 
the  gingival crevicular fluid was taken by using paper points to evaluate ALP levels on days 0, 3, 7, 14 and 21 respectivelly by using 
a spectrophotometer (405 nm). t-test and ANOVA test were conducted to determine the difference of ALP activities among the time 
intervals. The correlation regression analysis was conducted to determine the relation of distance change caused by the relapse tooth 
movement and ALP activities. results: The greatest relapse movement was occurred on day 3 after open coil spring was removed. 
There was significant difference of the average of distance decrease among groups A1-A5 (p<0.05). It was also known that ALP level 
was increased on day 3, but there was no significant difference of the average level of ALP among groups A1-A5 (p>0.05). Finally, 
based on the results of correlation analysis between the ALP level decreasing and the relapse distance on both right and left of mesial 
and distal sides, it is known that there was no relation between those two variables (p>0.05). Conclusion: It can be concluded that 
relapse after orthodontic tooth movement occurs rapidly as the teeth are free from orthodontic force. ALP level can be detected through 
gingival crevicular fluid during relapse by using a spectrophotometer. 
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abstrak 
latar belakang: Peningkatan aktivitas osteoblas selama pembentukan tulang akan disertai peningkatan ekspresi enzim alkalin 

fosfatase (Alkaline Phosphatase/ALP). Sumber ALP dapat diperoleh dari cairan bening yang diekskresi celah gingiva gigi yang 
dikenal sebagai cairan krevikuler gingiva (gingival crevicular fluid/GCF). Bone turnover terutama proses pembentukan tulang dapat 
dimonitor melalui ekspresi ALP cairan krevikuler gingiva selama perawatan ortodonti. Periode retensi merupakan periode yang 
penting. Kesulitan memecahkan masalah retensi akan dapat ditangani dengan memonitor tingkat metabolisme tulang disekitar gigi. 
tujuan: Penelitian ini bertujuan untuk meneliti perubahan jarak relapse gigi dan aktivitas ALP pada cairan krevikuler gingiva setelah 
digerakkan secara ortodonti dan potensi ALP sebagai biomarker pembentukan tulang pada periode retensi. Metode: Gigi insisivus 
bawah 25 ekor marmot digerakkan ke distal menggunakan opencoil spring sampai mencapai jarak ± 3 mm, diukur gerakan relapse 
gigi dan pengambilan cairan krevikuler gingiva menggunakan paper point untuk dievaluasi kadar ALP pada hari ke 0, 3, 7, 14 dan 21 
menggunakan spektrofotometer (405 nm). Analisis t-test dan anova untuk mengetahui perbedaan aktivitas ALP antar interval waktu dan 
analisis regresi korelasi untuk mengetahui hubungan besarnya jarak relapse dengan aktivitas ALP. hasil: Pergerakan relapse yang 
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paling besar terjadi pada hari ke 3 setelah opencoil spring dilepas. Terdapat perbedaan rata-rata penurunan jarak antar kelompok 
A1-A5 yang signifikan (p<0,05). Kadar ALP mengalami peningkatan pada hari ke 3, namun tidak terdapat perbedaan rata-rata yang 
signifikan kadar ALP antar kelompok A1-A5 (p>0,05). Hasil uji korelasi antara penurunan jarak dengan kadar ALP pada mesial 
distal gigi baik kanan maupun kiri tidak menunjukkan adanya hubungan kedua variabel (p>0,05). Simpulan: Relapse pada perawatan 
ortodonti terjadi secara cepat ketika gigi terbebas dari gaya ortodonti. Kadar ALP dapat terdeteksi dari cairan krevikuler gingiva 
pada pergerakan relapse gigi menggunakan spektrofotometer.

Kata kunci: Jarak relapse, alkaline fosfatase, cairan krevikuler gingiva, guinea pigs
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introduction

Tooth movement actually occurs in the same direction as 
bone remodeling response occurs, such as bone resorption 
which is in the area of pressure and bone apposition on the 
area of tension in  the periodontal ligament.1 Orthodontic 
tooth movement  is based on biological principle, in which 
the provision of sustained pressure on teeth will cause 
alveolar bone remodeling, triggering balance between bone 
formation occurred at the tension area and bone resorption 
in the pressure area.2

The results of orthodontic treatment will become so 
unstable that the use of orthodontic retainer is necessary. 
These devices are aimed to maintain teeth in a new position 
after the completion of active treatment and orthodontic 
appliances has been removed.3 Therefore, treatment during 
retention period is as important as active period since there 
is a tendency to return to the previous positions prior to 
the treatment or relapse.4 Relapse in orthodontic treatment 
can occur quickly, so it is important to provide immediate 
retention appliance.5  

Bone remodeling that occurs during orthodontic 
tooth movement  is a biological process that involves an 
acute inflammatory response in periodontal tissue.6 In 
the initial phase of orthodontic tooth movement, an acute 
inflammatory response is involved together with periodontal 
vasodilatation and leukocyte migration out of the blood 
vessels of periodontal ligament.7 Thus, bone remodeling 
can be considered as complex process, including bone 
resorption and bone formation requiring the coordination 
of osteoclasts, osteocytes and osteoblasts.8 It means that 
the provision of orthodontic pressure with continuous force 
can cause bone resorption and bone formation at the same 
time since in the pressure area the activities of   tartrate-
resistant acid phosphatase (TRAP) with positive osteoclasts 
and osteoblasts will be increasing.9 The increasing of 
osteoblast activities during bone formation then will be 
accompanied by the increasing of alkaline phosphatase 
enzyme expressions (alkaline phosphatase/ALP).10

Alkaline phosphatase is a hydrolase enzyme that works 
as a phosphatase removing oxygen groups and phosphate 

groups from many types of other molecules, including 
nucleotide, proteins and alkaloids. In addition, this enzyme 
is called as alkaline phosphatase because it works in alkaline 
conditions (non-acidic) at pH 10, consequently, sometimes 
it is referred to basic phosphatase breaking phosphate 
(mineral acidic) and then creating alkaline pH 11. Besides 
that alkaline phosphatase is synthesized and secreted by 
osteoblasts during bone formation, it also catalyzes the 
hydrolysis of ester phosphatase, which is a potent inhibitor 
of mineralization process in the alkaline pH associated with 
the formation of tissue calcification.12

Alkaline phosphatase can be obtained from clear 
fluid excreted from gingival crevicular fluid (GCF). This 
gingival crevicular fluid can describe body’s biological 
response to periodontal healing process in patients with 
chronic periodontitis13 or can stimulate orthodontic 
mechanism6,13,14  and can be obtained in various ways, such 
as micro pipetted or paper strips.15 Gingival crevicular fluid, 
moreover, is exudate liquid composed of substances derived 
from various sources, including microbial dental plaque, 
inflammatory host cells, and host tissue and serum. The last 
few years, CGF has been used as a diagnostic marker of 
active tissue destruction in periodontal disease. However, 
there are only a few researches focusing on the content 
of GCF involved in bone remodeling during orthodontic 
tooth movement. Thus, it can be said that ALP expression 
can describe biochemical changes occurred in supporting 
tissues after the provision of orthodontic pressure.16 In 
some researches, the increasing of ALP levels can be 
detected during orthodontic tooth movement in week 1 
to 3.13 Alkaline phosphatase activities in GCF during 
orthodontic treatment can be associated with treatment time 
and pressure given on periodontal tissue.17

Relapse after orthodontic treatment has the same 
process as orthodontic tooth movement. The positive 
change of the number of TRAP cells and their distribution 
along the alveolar bone and molars moved as well as the 
tooth next to them will cause bone resorption in relapse 
direction. Simultaneously, new bone formation then will 
occur in the area opposite to positive TRAP cell activities. It 
can be said that relapse is like orthodontic tooth movement 
since in both processes osteoclast differentiation in pressure 
area is increasing, while that in tension area is decreasing. 
This indicates that alveolar bone is an important element 
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in relapse process.5 In other words, relapse is affected 
by occlusal instability, increased mechanical tension 
influenced by transepted fibers and alveolar bone resorption 
caused by osteoclasts. Thus, relapse will occur if there is 
bone resorption caused by osteoclasts.18

For those reasons, examining gingival crevicular fluid 
can be considered as a good way to analyze biochemical 
process continuously occurred in relation to bone 
metabolism (bone turnover) during orthodontic tooth 
movement.19 Examining gingival crevicular fluid can also 
be considered as a biological evaluation of the results of 
orthodontic force, so management of tools can be based on 
tissue response individually, and effectiveness of dental 
treatment can be improved. Besides that, difficulty to 
solve retention problem can be addressed by monitoring 
the rate of bone metabolism (bone turnover) around the 
teeth. Thus, bone alkaline phosphatase and osteocalcin 
can be considered as the best marker for bone formation in 
serum, while deoksipiridinolin and n-telopeptida crosslinks 
as degradation product of collagen secreted through urine 
can be considered as the most specific marker for systemic 
osteoclast activity as a bone marker in gingival crevicular 
fluid.20 

In other words, by selecting the appropriate biomarkers 
of bone turnover, the progress of each individual treatment 
can be monitored, and the amount of force applied can be 
modified to prevent iatrogenic effect.21 Thus, bone turnover 
as primarily a process of bone formation must be monitored 
through the expression of ALP in gingival crevicular fluid 
during orthodontic treatment.22 The aim of this study were 
to determine the changes of relapse length and ALP activity 
on the gingival crevicular fluid after orthodontic tooth 
movement and to assess whether ALP can be used as a 
biomarker of bone remodeling on the retention period.

materials and methods 

This research was an experimental laboratory research 
using 25 local guinea pigs since they can be taken care 
easily and can survive with a long time  treatment. Those 
animals then became the samples of the research based on 
certain criteria: weight, male, 6-8 weeks old, 0.5-0.6 kg. 
Then the application of ethical approval was submitted 

to the Research Ethics Committee of Dentistry Faculty, 
Universitas Gadjah Mada. Afterwards, acclimatization of 
those guinea pigs had were conducted for one week before 
they got treatment for adaptation  with the place and food 
in the laboratory

Next, all treatments in this research were conducted 
in in LPPT unit IV at Universitas Gadjah Mada. Those 
samples selected were anaesthetized with ketamine (0.1 
mg) and xylasin (0.1 mg) by intramuscular injection in 
thigh of guinea pigs. Then, bonding cleat was inserted on 
the lower incisors of each sample. Round steel wire with 
a diameter of 0.016 and an open coil spring with a length 
of 1.5 times the inter cleat distance were set between the 
cleats on each samples (Figure 1).

Open coil spring is commonly used in fixed orthodontic 
treatment for creating space. NiTi wire with the smallest 
size of 0.010 “x 0.045” and a length of 1.5 times the length 
between the cleats of the lower incisor was also used. 
With the compression of the open coil about 25%, force 
resulted will be 0.25 N-1.3 N, while with the compression 
of the open coil about 50%, force resulted will be about 
0.64N-2.9N.23 After the tooth moved and the open coil 
spring was not in passive condition, it was replaced with 
the new one with the new inter-incisor distance until the 
distance was about ± 3 mm (usually takes about 14 days).  
The distance of ± 3 mm was maintained for one week as a 
period of stabilization.

After one week stabilization, the open coil and the wire 
were removed. Those twenty-five samples were divided into 
five groups, each of which consisted of five.  The relapse 
distance of each sample in each group was measured (Figure 
2A). Gingival crevicular fluid of each sample in each group 
was taken on days 0, 3, 7, 14 and 21 respectivelly. Gingival 
crevicular fluid was taken by cleaning the lower incisors 
with cotton to remove supra-gingival plaque, and then those 
teeth were isolated with cotton rolls and dried. Next, paper 
points were inserted approximately 1 mm into the gingival 
sulcus (Figure 2B) of each sample for 30 seconds with an 
interval of 90 seconds to increase the volume of GCF fluid 
taken each side, and then immediately inserted eppendorf 
tubes with the size of 1.5 ml containing 350 mL of 
physiological saline solution. Afterwards, those eppendorf 
tubes were centrifuged for five minutes at 2000 g to elute 
GCF components completely. Alkaline phosphatase levels 

figure 1.  Process of tooth movement: A) lower incisors; B) separator setting, C) etchant application; D) bonding cleat setting; E) 
open coil spring setting; F) tooth movement.
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contained in the gingival crevicular fluid were measured by 
using paper points on day 0 (A1), day 3 (A2), day 7 (A3), 
day 14 (A4) and day 21 (A5). Next, paper points were taken, 
and then the supernatant solution was stored at -80° C for 
one week.22 Examination of ALP activities was conducted 
at Laboratory of Molecular Biology, Faculty of Medicine, 
Universitas Gadjah Mada.

Alkaline phosphatase activities were determined using 
a spectrophotometer (Jenway 6330, UK) at a wavelength of 
405 nm. Approximately 50 mL of 40 mM carbonate buffer 
at pH 9.8 mixed with 3 mM MgCl2 was put into Eppendorf 
tubes by using pipettes. Fifty mL of GCF samples and 50 
mL of 3mm p-nitrophenylphosphate were added to the 
same tubes. The tubes were then incubated for 30 min at 
37° C. The enzymatic reaction was stopped by adding 50 
mL of 0.6 M sodium hydroxide, and then the absorbance 
was measured immediately at a wavelength of 405 nm. The 

amount of p-nitrophenol formed was measured by using a 
standard curve prepared from phosphatase subtrate (Sigma 
104, Sigma-Aldrich, St. Louis, USA). Alkaline phosphatase 
activities were presented in the form of enzyme unit (U). U 
is defined as the amount of p-nitrophenol (mol) released per 
minute at 37° C.22 The data were analyzed by using SPSS, 
and then the difference of variables between sub-groups 
was measured with the t-test and ANOVA test. Finally, the 
relation of the relapse distance and ALP levels was analyzed 
by using correlation and regression analyses.

results

The average of the decreasing of the relapse distance 
after open coil was removed on day 3 was about 0.8 mm 
(29.2% from the early distance), while on day 7 was 1 mm 
(37% from the early distance). Moreover, the average f the 
decreasing of the relapse distance on day 14 was 1.7 mm 
(51.5% from the early distance), while on day 21 was 1.83 
mm (90.1% from the early distance). In other words, it is 
known that the relapse distance from day 0 to day 3 was 0.8 
mm, while from day 3 to day 7 was about 0.2. Furthermore, 
the relapse distance from day 7 to day 14 was 0.7, while 
from day 14 to day 21 was 0.13 (Table 1). Therefore, the 
greatest relapse distance occurred on day 3 after open coil 
spring was removed (Figure 3). 

To determine ALP levels, gingival crevicular fluid was 
taken from both right and left of mesial and distal sides 
of those two incisor teeth (Table 2). Based on the data, 

figure 2. A) measuring the relapse distance using sliding 
caliper; B) taking gingival crevicular fluid using paper 
point. 

table 1. The average of the decreasing of the relapse 
distance 

 
The average of the decreasing of 

the relapse distance (mm)

from day 0 to day 3 0.8 ± 0.19039

from day 0 to day 7 1 ± 0.15411

from day 0 to day 14 1.7 ± 0.17678

from day 0 to day 21 1.83 ± 0.30332

from day 3 to day 7 0.2 ± 0.24238

from day 7 to day 14 0.7 ± 0.20917

from day 14 to day 21 0.13 ± 0.32519

figure 3. A) tooth movement was finished; B) bracket was 
removed; C) relapse on day 3.

table 2. The average of ALP levels

ALP Levels (Alkaline Phosphatase) (IU/I) ± SD

 Right distal Right mesial Left distal Left mesial

Day 0 (A1) 0.0944 ± 0.11106    0.111 ± 0.15544 0.0296 ± 0.02074 0.267 ± 0.44658

Day 3 (A2) 0.1511 ±  0.24803 0.4568 ± 0.51127 0.071 ± 0.13888 0.2417 ± 0.241

Day 7 (A3) 0.0258 ± 0.00645 0.1232 ± 0.21321 0.0808 ± 0.1089 0.0486 ± 0.05167

Day 14 (A4) 0.07236 ± 0.06431 0.1722 ± 0.23505 0.1438 ± 0.19187 0.0894 ± 0.08476

Day 21 (A5) 0.148 ± 0.13218 0.107 ± 0.15902 0.0622 ± 0.07409 0.1182 ± 0.13054
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it is known that significance values obtained were 0.726; 
0.432; 0.388; dan 0.724 (>0.05). It means that there was no 
significant difference of ALP levels among groups A1-A5 
in both right and left of mesial and distal sides. Based on 
the results of the correlation test, it is known that there was 
no relation between the decreasing of the relapse distance 
and ALP levels in both right and left of mesial and distal 
sides since the significance value was >0.05.

discussion

Based on three-day observation of relapse, it was known 
that the quickest and greatest movement was on day 3 after 
orthodontic appliances removed. However, the relapse 
rapidly occurred only at the beginning of orthodontic 
appliances removal, since after the next 3 days both relapse 
distance and its percentage began to decline gradually. 
Thus, it can be indicated that the same processes occurred 
at orthodontic relapse movement and orthodontic tooth 
movement, by increasing of osteoclast differentiation in the 
pressure area and decreasing of pressure in the tension area. 
Thus, it can be said that alveolar bone can be considered as 
an important element in the process of relapse.5

It is also known that alkaline phosphatase activities 
are usually higher in the periodontal ligament than those 
in the other connective tissue.14 Thus, to examine the 
activities, gingival crevicular fluid was taken to determine 
the level of ALP on day 0 (at the time of cleats and open 
coil spring removed). The changes occurred directly on 
the periodontium and the rapid movement in the area of   
the periodontal ligament were observed to determine the 
enzyme activities on day 3 after orthodontic appliances 
removed. It is because on days 7 the enzyme activities 
are expected to show exactly at the final phase of tooth 
movement when hyalinisation occurs, and on day 14 and 
day 21, the enzyme activities are expected to go to the 
continuation phase or to the final phase.14

In this research, ALP levels in gingival crevicular 
fluid was detected by using a spectrophotometer with p-
nitrophenol as a standard solution. In general, the enzyme 
activities generated in this research seemed much less than 
previous studies likely due to the lack of pressure exerted 
during the retention period. In this research, acid and 
alkaline phosphatases were released due to the pressure, 
injury and death of extracellular tissue fluid. These enzymes 
produced by the periodontium then diffused in GCF as the 
result of the application of orthodontic force. Thus, it needs 
to monitor phosphatase activities in GCF causing tissue 
changes during orthodontic tooth movement. Similarly, 
the results of a research on mice shows that phosphatase 
activities may reflect bone turnover in orthodontic tooth 
movement.24

The results of the previous research14 also show 
that there were significant changes (p<0.05) of alkaline 
phosphatase activities on days 7, 14 and 21 on both right 
and left of mesial and distal sides between in the treatment 

side and in the control side. It is also known that the highest 
enzyme activities occurred on day 14 in the initial phase, 
but they were significantly decreased, especially on the 
mesial side. Similarly, the results of a research conducted 
by Yokoya et al.25 showed that osteoclasts on the pressure 
area are increased on day 7, but then they are decreased 
rapidly on day 14 when the highest enzyme activities occur. 
This indicates that ALP activities are followed with tooth 
movement during initial phase. In contrast, in this research 
there was no significant difference in ALP levels between 
groups A1-A5 on both the right and left of the mesial and 
distal sides (p>0.05). In this research, it is known that the 
greatest movement occurred on day 0 to day 3, and ALP 
levels were increased on day 3. However, the decreasing of 
this relapse distance in this research was not so large since 
there was no significant difference among groups.

In addition, many clinical researches also showed that 
there was a correlation between alveolar bone remodeling 
with changes in phosphatase activities contained in GCF.17 
In this research, there was no correlation between the 
decreasing of ALP levels on both right and left of mesial 
and distal sides with the relapse distance (p>0.05). It is 
also known that the process of bone remodeling with 
initial resorption activity occurred on days 3-5 days, and 
repeatedly on days 5-7. The final bone deposition occurred 
in both the pressure and tension areas on the walls of the 
alveolar bone on days 7-14. In the initial phase, bone 
resorption occurs more greatly than bone deposition, but in 
the next phase, both bone resorption and deposition occurs 
synchronically.26 ALP levels in this research then were 
measured when the stabilization of the relapse movement 
had been done for 1 week so that both bone resorption and 
deposition were probably already equal. Thus, there was no 
significant difference among groups or between the mesial 
and distal sides.

The study showed that orthodontic relapse occurs 
rapidly when teeth free of orthodontic force. ALP levels 
can be detected from gingival crevicular fluid during 
relapse tooth movement using spectrophotometer with 
a wavelength of 405 so that we can used as a potential 
biomarker of bone formation in the retention periode. 
There was no correlation between the ALP levels with the 
relapse distance.
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