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ALKALINE PHOSPHATASE ACTIVITY IN GINGIVAL 

CREVICULAR FLUID IN RESPONSE TO DIFFERENT 

MAGNITUDES OF CONTINUOUS ORTHODONTIC FORCES 
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ABSTRACT  

The current study was undertaken to evaluate the effect of 
continuous force of different magnitudes (150, 50g) on alkaline 
phosphatase activity (ALP), with a focus on the amount of tooth 
movement after application of these forces. Eight female subjects 
(age range 13 to 15 years) participated in the 6 weeks study. A 
continuous retraction force of 150g was applied to 1 of the 
maxillary canines (group I) whereas a continuous force of 50g was 
applied to the other (group II) with a nickel-titanium closed coil 
spring. Gingival crevicular fluid (GCF) was collected from the 
mesial and distal sides of each experimental canine immediately 
before appliance activation and weekly over the following 6 
weeks. The clinical gingival condition was evaluated at the 
baseline and at the end of the experiment. GCF ALP activity was 

determined spectrophotometrically at 37 C by kinetic method. The 
results showed insignificant changes in the clinical condition. GCF 
ALP activity was significantly greater in tension sites of group I 
and II as compared with the baseline. Moreover the enzymatic 
activity in tension sites of group I was significantly greater than 
that of group II. In both groups, a significant greater ALP 
activity was observed in tension sites compared with compression 
sites. The results showed insignificant difference in the amount of 
distal movement of the canines produced by the 2 forces. It was 
concluded that effective tooth movement can be produced with 
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lower forces and ALP activity in GCF can be considered a suitable 
indicator of the biologic activity in the periodontium during 
orthodontic tooth movement. 

INTRODUCTION 

In orthodontics, mechanical stress appears to evoke biochemical and 

structural responses in a variety of cell types in vivo and in vitro 1-7. Several 

hypotheses have been proposed to explain the biological basis of tooth movement 

induced by mechanical stress8-16. Recently, the hypothesis suggesting that a 

mechanical stimulus causes an inflammatory response in the periodontal tissues 

has received considerable attention. According to this hypothesis, inflammatory 

mediators are released that trigger the biological processes associated with 

alveolar bone resorption and apposition17. However, little information is available 

concerning the production of these mediators during orthodontic tooth movement 

in human subjects. As a result of the application of mechanical forces, the cells in 

the periodontal ligament (PDL) may produce sufficient amounts of mediators to 

diffuse into the gingival crevicular fluid (GCF).  

GCF is a trasudate of the periodontal tissues, the constituents of which are 

derived from a variety of sources including microbial dental plaque, host 

inflammatory cells, host tissues and serum. In recent years, a number of these GCF 

constituents have shown potential as prognostic and diagnostic markers of active 

tissue destruction e.g. periodontal diseases4,18, but only a few studies have focused 

on the GCF constituents involved in bone remodeling during orthodontic tooth 

movement.  

Bone remodeling is a coupled process in which there is co-ordinated bone 

resorption and formation of new bone. The process is complex, requiring 

interaction between different cell phenotypes, that are regulated by a variety of 

biochemical and mechanical factors19. Bone remodeling is regulated by systemic 

hormones and by local factors, which affect cells of both the osteoclast and 

osteoblast lineages. The local factors include growth factors, cytokines and 

prostaglandins20,21. To better describe the biological responses to orthodontic 

force in humans, noninvasive analysis of various cell mediators in the GCF have 

also been performed 4-6,22. 

Grieve et al 4 found that prostaglandin E (PGE) and interleukin-1(IL-1) 

in gingival crevicular fluid were elevated during orthodontic tooth movement. 

Lowney et al 5 reported that the amount of tumor necrosis factor-(TNF-) in 
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gingival crevicular fluid was increased during such movement. Uematsu et al 6 

found that IL-1, IL-6, TNF-, epidermal growth factor (EGF) and 2 

microglobulin were significantly elevated during tooth movement compared 

with untreated controls. Lee et al 22 evaluated the effects of a light continuous 

force and an interrupted force with weekly reactivation on 2 potent mediators in 

the bone resorption process (IL-1 andPGE2). When a continuous force was 

provided, IL-1 and PGE2 levels showed a significant elevation at 24 hours and 

then decreased. With an interrupted force, significant elevations of IL-1 levels 

were observed at 24 hours and a greater significant elevation at 24 hours after 

the first reactivation. PGE2 levels increased significantly at 24 hours and 

remained high for 1 week.  

Bone forming cells have been shown to have alkaline phosphatase (ALP) 

activity 23, and changes in this enzyme level in serum and bone have been used 

as a markers for bone metabolism in several diseases 24,25. Insoft et al 26 reported 

that during orthodontic tooth movement, alkaline phosphatase peaked between 

the first and third week followed by an increase in acid phosphatase between the 

third and sixth weeks. This study, however was performed on 3 cases only. 

Perinetti et al 27  used a longitudinal design to investigate alkaline phosphatase 

activity in GCF during orthodontic treatment in relation to the time of treatment 

and the type of stress exerted on the periodontium by tooth movement. There 

results showed that GCF ALP activity was elevated significantly in the distalized 

molars (DM) and contralateral molars (CM) as compared with the antagonist 

first molars (control) at 1,2,3 and 4 weeks. Moreover, the enzyme activity in the 

DMs was significantly greater than in the CMs. In the DMs, a significantly 

greater ALP activity was observed in sites of tension compared with sites of 

compression. 

Tooth movement is thought to occur in 2 stages: (1) An initial mechanical 

compression of the periodontal ligament with minor deformation of the alveolar 

bone, followed by (2) a delayed metabolic response of the connective tissue. 

Thus, important factors for effective tooth movement include the nature of the 

applied force and the nature of the metabolic response in individuals during this 

movement. 

Orthodontic forces of an impulsive nature are common and may be 

advantageous in inducing more physiologic tooth movement 28,29;  however 

continuous low-magnitude forces are said to be more effective at moving teeth 

than impulsive forces 30,31. This was demonstrated recently by a clinical study 32 

in which magnets were used to place a continuous retraction force of 70g on 1 
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maxillary canine in each of 6 human subjects, while a segmental vertical loop 

was used to place an impulsive force on the contralateral canine in each subject.  

In Iwasaki et al's study 33, a continuous retraction force averaging 18g was 

applied to 1 of the maxillary canines, whereas a continuous retraction force 

averaging 60g was applied to the other. Their results showed a statistical 

difference in the velocity of distal movement of the canines produced by the 2 

stresses. The lag phase was eliminated and average velocities were 0.87 and 1.27 

mm/month for 18 and 60 g of average retraction force. As no information is 

available concerning ALP activity during orthodontic tooth movement in human 

subjects after application of continuous forces of low magnitudes. The purpose 

of the present study was : to obtain data concerning the response of the healthy  

periodontium of young individuals to relatively low (50g) and relatively high 

(150g) continuous orthodontic forces by studying the ALP activity in GCF, and 

to compare the effect of the different magnitudes on the amount of canine distal 

movement. 

Material and methods  

Subjects 

 Eight young female patients (13-15y) from the postgraduate orthodontic 

clinic at Tanta University were selected. All patients met the following criteria: 

 The maxillary first premolars had been extracted as part of their treatment, and 

first stage of treatment required distal retraction of the maxillary canines. 

 They were systemically healthy.  

 They had not used any anti-inflammatory drugs in the month preceding the 

study. 

 All had healthy periodontium without radiographic evidence of bone loss, 

minimal gingival inflammation, and probing depths less than or equal to 3 mm 

at the site of the experiment. 

Oral hygiene instructions were given to all patients before start of 

treatment. Oral hygiene was closely monitored throughout the research period. 

 Appliance 

All subjects received Nance or transpalatal arch on maxillary first molars. 

In addition, a 0.019 X 0.025 in ST ST wire was contoured and passively engaged 

the tube and slots of the posterior segment and laced  together with ligature wire 

to ensure maximum anchorage. The retraction mechanism consisted of an 
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initially passive auxillary wire (0.016 X 0.022 in ST. ST) that was activated by a 

calibrated spring (Fig. 1). Two retraction forces on average 50 and 150g were 

provided by adjusting the length of a nickel-titanium alloy closed coil spring 

(American Orthodontics, Sheboygan wis). One end of the spring was ligated to 

the hook on the buccal tube of the first molar. The other end of the spring was 

ligated to the hook on the auxiliary wire just distal to the maxillary canine. The 

springs were checked at each appointment and adjusted as needed to maintain 

the desired applied force magnitude. 

Alginate impressions of the maxillary arch were taken and poured in stone 

before the appliance placement and activation and at the end of the experiment. 

The coronal end of the interdental papilla between the central incisors was 

marked with a sharp pencil. The distance between the marked point and the 

height of contour on the distal side of each canine 22 was measured with digital 

caliper (Masel dental Dial caliper Bristol, USA) up to 0.01mm. The same 

measurements were made 1 week later to investigate the intra examiner error. 

The mean difference between the first and second readings was not statistically 

significant.  

Plaque index (PI)34, gingival index (GI) 35, bleeding on probing (BoP)36 

and pocket depth (PD) were measured. These clinical parameters were assessed 

twice, at the baseline and at 6 weeks.  

 

 

 

 

 

 

 

 

 

 

Fig. 1: Right buccal view of subject in study received continuous force with a nickel-

titanium closed coil spring engaged between 2 hooks, 1 on the anchor molar and 

1 on the auxiliary wire.  
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GCF sampling was performed at specified times according to the 

following: Base line immediately before the appliance placement and activation 

(0 hour) and at 1, 2,3,4,5 and 6 weeks after initiation of canine movement.  

GCF sampling was performed during the daytime because of the possible 

diurnal pattern of cellular activity. Before sample collection, any supragingival 

plaque was removed with cotton pellets. Each experimental canine was washed 

with water, dried gently with air and isolated with cotton rolls. No.35 

standardized sterilized absorbent paper points (DiaDent group. International Inc) 

was carefully inserted 1 mm into the gingival crevice at the mesial and distal 

aspects of maxillary canines and allowed to remain for 60 seconds. The paper 

points immediately placed in sealed plastic tubes containing 200 1 phosphate 

buffered saline.  

Alkaline phosphatase determination, 

Principle of the test : 

Kinetic determination of the alkaline phosphatase based upon DGKC38 and 

SCE 39 recommendation 

p-Nitrophenylphosphate +H2O                 p-Nitrophenol + inorganic phosphate  

Reagent used: 

*Reagent1: diethanolanine buffer PH 10.2 (1.25 mmol/L) and Magnesium 
chloride (0.625mmol/L) 

**Reagent 2 :P-Nitrophenyl phosphate (60 mmol/L) 

Sample preparation: 

The tube containing 200 l phosphate buffered saline and the absorbent 
paper point was centrifuged at 400 g for 10 min. and then the supernatant was 
separated. It can be stored at -20C until used . 

Procedure: 

Wave length used was 405nm, at 37C, into 1cm cuvette (light bath). 1 
ml of the reagent 1 was added to 20 1 from the sample into the cuvette tube, 
mixed and incubated for one min. after that 250 1 from the reagent 2 was 
added to the cuvette, mixed and incubated for one min. The changes of 
optical density per min. ( OD /min.) was measured at 405 nm. during 3 min 
(EOS-880 spectrophotometery. Italy). The results were calculated from 
activity of ALP (U/L )=  OD /min X 3424. 

ALP 
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Statistical analysis  

Data were collected, organized, tabulated and statistically analyzed using 

SPSS software version 12. Means and standard deviations of GCF ALP and 

clinical parameters were obtained for the two groups at the mesial and distal 

gingival crevice of the experimental canines. Statistical analysis was done in 3 

ways: measurements at each sampling time were compared with the baseline 

level in each group by paired t test , comparisons between tension (mesial) and 

compression (distal) sites for each group at each sampling time and comparisons 

of tension and compression sites between groups at each sampling time were 

made by unpaired t test. Also t test was performed to compare the amount of 

canine distal movement between the 2 groups. Level of significant was adopted 

at P<0.05 . 

RESULTS 

All 8 participants apparently maintained good oral hygiene throughout the 

experiment. No significant change in PI, GI, BoP or PD was found at the end of 

the experiment. All the experimental sites showed good gingival and periodontal 

status, with PDs of 3 or less at 6 weeks. As shown in table 1; the clinical 

parameters had nonsignificant difference of the mean values between mesial and 

distal sites in the 2 groups at the baseline and at 6 weeks. At 6 weeks all clinical 

parameters showed slightly greater values with no significance compared with 

the baseline (P>0.05).  

Table 1. Clinical parameters changes  

Parameters  

Group I (150g) Group II (50g) 

Mesial Distal Mesial Distal 

Mean S.D Mean S.D Mean S.D Mean S.D 

PI 
Baseline 15.8 9.3 14.8 7.8 15.2 8.1 14.9 9.2 

6 week 20.1 8.4 18.1 6.5 19.3 7.6 17.6 8.2 

GI 
Baseline 15.5 8.1 13.9 7.4 14.3 7.5 13.8 8.2 

6 week 19.7 7.5 17.0 6.8 18.1 6.4 17.6 7.5 

BoP 
Baseline 15.2 7.3 14.9 8.4 14.7 8.5 14.6 7.2 

6 week 18.6 6.9 17.3 7.6 18.1 8.4 17.1 8.6 

PD 
Baseline 2.6 0.8 2.4 0.7 2.5 0.7 2.2 0.9 

6 week 3.0 0.6 2.9 0.7 2.8 0.9 2.5 0.8 
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Figure(2): Comparison of ALP activity in mesial and distal sites in group I
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Figure (3): Comparison of ALP activity in mesial and distal sites in groupII

0

2

4

6

8

10

12

14

16

18

Baseline 1 week 2weeks 3weeks 4weeks 5weeks 6weeks

M
e

a
n

 v
a
lu

e

Mesial Distal

 

Results of pair-wise comparisons showed a significantly greater enzymatic 

activity in mesial sits (tension) of group I of canines retracted at high force 

magnitude from 1 week to 5 weeks as compared with the baseline but this 

became in significant thereafter, although the mean was still high. In the distal 

site (compression) of group I, ALP activity increased significantly at the 3 weeks 

compared with the baseline (Table 2, Fig. 2). 
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In group II of canines retracted at low force magnitude, over the study 

period a significant increased ALP activity was seen in the tension sites as 

compared with the baseline. Significant increase of ALP activity compared with 

the  baseline was found at 1 week and 2 weeks of the experiment in the distal 

site of this group (Table 2, Fig. 3) 

ALP activity in the mesial site of group I was significantly greater than in 

the distal site of the same group at each sampling time, whereas the differences 

between mesial and distal site of group II were significant from week 1 to 5 

being always greater in tension sites (Table 2). 

In the groups comparison, in mesial sites, unpaired comparisons showed 

an enzymatic activity significantly greater in group I than in group II from 

baseline to 5 weeks. In the distal sites, statistically significant differences 

between group I and II were seen in week I and 3 of the experiment (Table 2) 

The amounts of canine distal movement (mean  standard deviation) were 

1.45 mm  0.35 at high force magnitude (150g) and 1.26 mm  0.3 at low force 

magnitude. Insignificant difference was found between the 2 groups (t= 1.154, 

P= 0.268). Data were not shown in tables. 

DISCUSSION 

Bone is a dynamic tissue that constantly undergoes remodeling. It is 

thought that the major reason for remodeling is to enable the bones to respond 

and adapt to the mechanical stresses that occur as a result of mechanical loading 

during orthodontic tooth movement 19. 

Application of a continuous force on the crown of the tooth leads to tooth 

movement in the alveolus by narrowing in the periodontal ligament. Resorption 

of the alveolar bone in the compression site occurs because of osteoclastic 

activity. At the tension site, new bone formation occurs because of osteoblastic 

activity40. 

Bone formation results from a complex cascade of events that involves 

proliferation of primitive mesenchymal cells, differentiation into osteoblast 

precursor cells (osteoprogenitor, pre-osteoblast), maturation of osteoblasts, 

formation of matrix and finally mineralization 41. Several of the bone-derived 

growth factors can cause the appearance of markers of the differentiated 

osteoblast precursor into mature cell, including expression of alkaline 

phosphatase activity, type I collagen and osteocalcin42. 
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ALP is considered to be a marker of osteoblastic activity 42-44 because this 

enzyme is essential for bone deposition43; it hydrolyzes nonorganic 

pyrophosphate, which is a potent inhibitor of mineralization process45. 

The aim of the present study was to investigate the GCF ALP activity 

longitudinally during orthodontic treatment using two different magnitude of 

continuous retraction forces (150,50g). 

Analysis of GCF is a useful and advantageous method, especially for 

human in vivo study 4; it is noninvasive, and repetitive sampling from the same 

site is achievable regardless of the number. This enables the monitoring of the 

changes at a single site during a certain period. At the beginning of this study, a 

baseline measurements of ALP showed little variation. However, 1 week after 

force application the individual variation became large enough to estimate the 

general response.  

GCF ALP activity in this study showed significant initial peaks at 1 week 

after either magnitude of force was applied compared with baseline at the 

tension site. This was found to coincide with the findings of Perinetti et al 27 who 

reported an increased ALP activity at 7 days. Early inflammatory processes 

known to occur during the early stages of orthodontic tooth movement 4,46,47 may 

be detected in GCF as an increased alkaline phosphatase activity26. This explains 

why ALP values increased at 1 week as this early for osteoblastic activation.  

As initially described by Rygh 46,47 bone remodeling determined by tooth 

movement is a continuous process characterized by bone resorption in the 

compression sites 46 and bone deposition in the tension sites47. however, recent 

histomorphometric findings48 have shown that this model is more complex than 

that described by Rygh. Both bone resorption and deposition can be present in 

any tension site as well as in any site of compression48. This model is based on 

an initially unbalanced process, in which resorption is greater than deposition 

and a later more balanced relationship between these phenomena49. These 

observations were made through stressing the alveolar bone by tooth movement 

in a rat model. Furthermore, King et al 47 described an early phase of bone 

resorption (3 to 5 days), its reversal (5 to 7 days) in both tension and pressure 

sites of alveolar wall. A similar bone cycling in human has also been reported 
43,50. In humans, however, this timing seems to be longer than that in the rat 

alveolar bone. In particular, there is a sudden intial activation phase followed by 

resorption which can last from 10days50 to 3 weeks43. finally, an 80 day period is 

characterized by bone deposition50. These studies might therefore support the 

significant increase in GCF ALP in the tension site with respect to baseline for 



                                                                                         Egyptian        
Orthodontic Journal 

 11 Volume 27 -  June 2005 
 

the entire length of the study, and the significant and insignificant increase in 

compression site of both groups. Also these results might be evidence that a 

continuous force induced continuous ALP release.  

Gingival changes incident to tooth movement have been reported in both 

histological and ultrastructural analysis 51. The subjects in the present study 

showed, however similar gingival conditions for the test canines in both groups 

at the baseline and at end of 6 weeks. This is probably due to the oral hygiene 

instructions given to each participant before treatment, followed by further 

reinforcements about gingival health throughout the treatment and because these 

canines are accessible and easily cleaned. It has been reported that good 

maintenance of clinical conditions is possible despite orthodontic appliance 

placement 52,53. However, other studies have not shown similar results in terms 

of gingival conditions54. Although the differences of the clinical parameters at 6 

weeks were not statistically significant compared with baseline, a slightly greater 

values were recorded. This minimal increase can presumably be correlated with 

the gingival enlargement during orthodontic treatment in other studies54. 

GCF ALP activity in the tension site of group I was significantly greater 

than in group II from 1 week to 5 weeks. This might depend on the magnitude of 

force applied. This result underline the properties of the GCF ALP activity in 

distinguishing between the effects of different magnitude of forces.  

Ren et al 55 reported that minute force, leading to minute changes in 

pressure, might be able to switch on tooth movement. This implies that higher 

forces often used in orthodontic practice do not necessarily produce more 

efficient tooth movement. On the contrary, they might overload the periodontal 

tissues and cause negative effects that will hinder tooth movement. In the current 

study, continuous force of 150g on the canine produced mean distal tooth 

movement of 1.45 mm/6 weeks. This mean was insignificantly higher than that 

for canine retracted with a continuous low force of 50g which was 1.26 

mm/6weeks. Reporting on pain or discomfort perception, all patients noted that 

in the site of continuous low force, no pain nor discomfort was elicited while the 

150g continuous force site showed tender during mastication gradually subsiding 

and almost gone at the end of the second week. This means that continuous force 

of low magnitude provides effective tooth movement and painless treatment for 

the patients, and that higher forces do not necessarily lead to faster tooth 

movement. 
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