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INTRODUCTION

GCF is an inflammatory exudate
containing host inflammatory cells, tissues,
microbial dental plaque and serum. The GCF
constituents have served as diagnostic markers of
active tissue destruction in periodontal diseases1-2,
but only few studies have focussed their role in the
involvement of bone remodeling during orthodontic
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ABSTRACT

The purpose of this longitudinal study was to investigate whether alkaline phosphatase
activity in Gingival Crevicular Fluid (GCF), could serve as a diagnostic marker to assess orthodontic
tooth movement.  Ten patients (3 males and 7 females; mean age, 23 years) were selected and
were strapped up with Pre-Adjusted Edgewise Appliance (MBT 0.022 X 0.028-inch slot) and
aligning and leveling was completed prior to distalization of maxillary canines. The maxillary canine
on the right side was used as the experimental tooth and was considered to be the distalized
canine (DC) whereas the contralateral canine (CC) was not subjected to distal force and was
used as the control tooth. The GCF was harvested from the mesial and the distal tooth sites of the
DC and the CC immediately before appliance activation, 1 hour after, and weekly thereafter for a
period of 4 weeks. The results were expressed as total ALP activity (U/L) determined
spectrophotometrically at 300 C at 405 nm. Statistical analysis: Repeated measures Analysis of
Variance (ANOVA) and Tukey’s HSD Post-Hoc test and Mann-Whitney U-test was done for
comparison of enzyme activity among the pre-determined intervals and the SPSS computer
program version 21 was used to carry out the statistical evaluation. The ALP activity in the GCF
was elevated in DC as compared with CC in the 2nd and  4th week confirming the fact that the
enzyme activity in DCs was greater than in the CCs, more so in the mesial (tension) than in the
distal (compression) sites.  The increased ALP activity in the GCF in the mesial sites of DCs
reflects the biologic activity in the periodontium during orthodontic tooth movement (OTM) and
could therefore serve as a diagnostic marker for monitoring OTM in clinical practice.
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treatment.  Grieve et al.,3 opined that the orthodontic
tooth movement is accompanied by an acute
inflammatory response resulting in significant
elevation of inflammatory mediators like interleukin
1 beta and prostaglandin E. Uematsu et al.,4 too
found significant elevations of inflammatory
mediators like, beta 2 microglobulin, epidermal
growth factor, interleukin 1 beta, interleukin 6, and
tumour necrosis factor alpha, in the GCF. Lowney
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et al.,5 reported an increase in tumour necrosis
factor alpha in GCF from teeth undergoing
orthodontic force. Increases in lactic acid and citric
acid during orthodontic tooth movement were
reported by Miyajima et al., [6] which suggested their
correlation with alveolar bone resorption. Last et
al.,7 reported that the side to which the teeth were
moved orthodontically had increased levels of
chondroitin sulphate.  Samuels et al.,8 opined that
the glycosoaminoglycans in the GCF reflected
changes that occurred in the deeper periodontal
tissues during orthodontic tooth movement. Griffiths
et al.,9 found that in orthodontically treated teeth
there was an increase in the levels of osteocalcin
and piridinium cross-links of bone collagen in the
GCF. Changes in the alkaline -phosphatase enzyme
in serum and bone have been used as markers for
bone metabolism in several diseases10-11. Elevations
in alkaline phosphatase levels accompanies bone
formation12, and the same in acid phosphatase
levels is associated with bone resorption13-14.

Insoft et al.,15 described the activity of acid
and alkaline phosphatases in human GCF during
orthodontic treatment on a longitudinal basis, but
only for 3 cases. The present longitudinal study
monitored GCF (ALP) activity temporally and
spatially during orthodontic treatment in ten human
subjects with commercially available assays.

MATERIALS AND METHODS

Ten orthodontic patients, 3 males and 7
females, (age range, 14 - 27 years, mean 23 years)
were included in the study.

Inclusion criteria
1) Good general health.
2)  No use of non steroidal anti-inflammatory

drugs during the month preceding the study
and during the study period.

3) Fixed appliance therapy (pre adjusted
edgewise appliance (MBT, 3M-Unitek;
Monrovia, California), 0.022 x 0.028 – inch
slot with initial alignment and leveling
completed prior to canine distalization.
Transpalatal anchorage was used.

4) Probing depth values not exceeding 3 mm
in whole dentition.

5) Full - mouth plaque score and full - mouth
bleeding score less than or equal to 20%.

All patients received rigid oral hygiene
instructions for the use of toothbrush, interdental
brush and chlorhexidine mouthwashes, a month
prior to the baseline examination. Informed consent
was obtained from the patients and the protocol
was viewed and approved by the Ethical Committee
of Bharath University, Chennai, India.

In each patient, the maxillary canine on the
right side was used as the experimental tooth and
was considered to be the distalized canine (DC)
whereas the contralateral canine was not subjected
to distal force and was used as the control canine
(CC). After initial leveling and alignment, 0.017 x
0.025 stainless steel archwire was strapped up and
the maxillary anterior teeth were laced together
passively with a continuous stainless steel ligature
wire (0.010 – inch) and was kept in situ for one month
until canine distalization was commenced. The
stainless steel ligature wire was then tied passively
from CC to the contralateral maxillary lateral incisor
and the maxillary right canine was then distalized
on a 0.017 x 0.025 stainless steel arch wire, with the
aid of a nickel titanium coil spring 9 mm in length
stretched from the canine hook to the hook on the
maxillary right first molar tube, delivering a constant
force of about 250 gm. Probing depth (PD), presence
or absence of dental plaque (PL) and bleeding on
probing (BoP) was clinically monitored before the
baseline examination, during the experimental
period and after 28 days.

Each crevicular site included in the study
was isolated with cotton pellets (Mc Culloch CA,
1994) and any supragingival plaque was removed
with cotton pellets and a gentle stream of air was
directed towards the tooth surface for 5 seconds to
dry the areas. One micro-litre of GCF was collected
with the help of a HirschmannR microcapillary
pipette, (Sigma AldrichR ), inserted at the mesial
and the distal sites of the CC and DC; before canine
distalization, an hour after canine distalization and
regularly  at 1, 2, 3, and 4 weeks thereafter. The
GCF fluid so collected was diluted to 100µL with
Sorensens media containinig 0.05% bovine serum
albumin in phosphate-buffered saline pH 7.0 in a
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plastic cuvette.The working reagent solution was
prepared by dissolving 1 substrate tablet in 3.2mL
buffer solution. One mL of this working reagent
solution was added to 20µL of the GCF sample
solution in a plastic cuvette and the ALP activity
was assayed with a spectrophotometer at 300C at
405nm. The Alkaline Phosphatase kit used was of
(DEA), ( pNPP Kinetic method) , from Coral Clinical
Systems, Volmolenheide, Belgium and the
composition of it was : DEA Buffer 1M pH 10.3,
magnesium chloride 0.5mM and pNPP 10mM.

ALP hydrolyses p-nitrophenyl phosphate
to p-nitrophenol and inorganic phosphate. The rate
of increase in absorbance at 405nm was monitored
as the p-nitrophenol formed. The absorbance was
converted into enzyme activity units (1U=1mmol of
p-nitrophenol released per minute at 300 C).
Readings were noted immediately after initiation
of the reaction (A1), 1 minute later (A2), 2 minutes
later (A3) and 3 minutes later (A4). The summation
of the changes over the 3 minutes period starting
from A1 to A4 [(A2-A1) + (A3-A2) + (A4-A3)], was
then calibrated and the change in absorbance was
noted and designated as delta A. The mean change
in absorbance per minute was calculated (delta/
min). Total alkaline phosphatase activity in U/L was
calculated using the formula: Delta A/min x 2754.

According to the readings obtained in the
spectrophotometer a master chart was prepared
for the enzyme activity. The mean level of alkaline
phosphatase activity was calculated and the
standard deviation of the mean values of the enzyme
activity at the mesial and distal aspects of the test
and control sites was determined. Since six
measurements were made in one patient, repeated
measures analysis of variance (ANOVA) was done.
Tukey’s HSD post-hoc test and Mann-Whitney U-
test was also done for comparison of enzyme
activity among the pre-determined intervals and the
SPSS computer program version 21 was used to
carry out the statistical evaluation.

 RESULTS

There was no clinically detectable
movement in CCs, whereas DCs    underwent a
distal movement of about 1mm in the period of study
of about 28 days. From the ALP activity values
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obtained at each site from every individual patient
included in the study, the mean ALP levels in the
GCF at the mesial and distal sites of the DC and the
CC was calculated.

Repeated measures ANOVA was used as
six measurements were done on one patient.
Summary statistics and repeated measures ANOVA
are given in (Table Ia). Since the significance values

of F-statistic are all less than 0.05, the null hypotheses
of equal mean values at different time points are to
be rejected. It is inferred that the ALP activity in GCF
is found to be different in both mesial and distal sites
in experimental as well as in control groups.

Since ANOVA shows rejection of the null
hypotheses, Tukey’s HSD post hoc tests were

Table I(d): Tukey’s HSD Post Hoc Tests-
Homogeneous Subsets :   Control Group –

Mesial

Time Subset for alpha = .05

1 2 3

1 Hr. after activation 14.045
Before activation 14.321
7th Day 18.176
21st Day 19.829 19.829
14th Day 20.655 20.655
28th Day 22.583

Table I(e): Tukey's HSD Post Hoc Tests -
Homogeneous Subsets:   Control Group -

Distal

Time Subset for alpha = .05

1 2

Before activation 13.770
1 Hr. after activation 14.075
7th Day 15.698 15.698
21st Day 17.901
14th Day 18.176
28th Day 18.727

Table I(b): Tukey’s HSD Post Hoc Tests-Homogeneous
Subsets:   Experimental Group - Mesial

Time Subset for alpha = .05

1 2 3 4

Before activation 14.596
1 Hr. after activation 17.901
7th Day 26.438
21st Day 36.353
14th Day 48.470
28th Day 51.500

Table I(c): Tukey's HSD Post Hoc Tests - Homogeneous
Subsets :   Experimental Group - Distal

Time Subset for alpha = .05

1 2 3 4

Before activation 12.668
1 Hr. after activation 14.872
7th Day 20.380
21st Day 26.438
14th Day 29.468 29.468
28th Day 31.396
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carried out and the results are presented in Tables
I (b) through I (e).

As far as experimental group is
concerned, ALP activity in GCF is found to be same
before and one hour after activation in the mesial
site. It rises to the level of 48.5 on the 14th day, but
dips to 36.4 on the 21st day and again peaks to
51.5 on the 28th day. [Table I (b)].

ALP activity in GCF in the distal site of
experimental group remains at the same level
before and one hour after activation; rises
significantly on the 7th day and on 21st day and
slightly significantly higher on the 14th and 28th days,

but certainly significantly less than in the mesial
site of the experimental group. [Table I (c)].

In the control group, the ALP activity in
GCF in the mesial site is found to be same before
and one hour after activation. It steadily increases
from 7th day onwards and reaches the highest level
of 22.6 on the 28th day but is significantly less in
comparison to the mesial site in the experimental
group [Table I (d)].

The ALP activity in GCF in the distal site of
control group is found to remain at  the same levels
before activation, one hour and 7 days after

Table II: Summary Statistics and Mann-Whitney U-Test

Experimental Group Control Group Mann-Whitney U-Test

Time Mean SD SE Mean SD SE U Sig.

Before activation Mesial 14.596 1.859 .588 14.321 2.172 .687 47.000 .805
Distal 12.668 2.322 .734 13.770 2.249 .711 38.000 .332.

1 Hr. after activation Mesial 17.901 1.947 .616 14.045 3.031 .958 15.500 .007
Distal 14.872 2.322 .734 14.075 2.669 .844 41.000 .460

7th Day Mesial 26.438 1.422 .450 18.176 1.422 .450 .000 .000
Distal 20.380 2.322 .734 15.698 1.859 .588 8.000 .001

14th Day Mesial 48.470 2.661 .841 20.655 3.496 1.105 .000 .000
Distal 29.468 3.906 1.235 18.176 2.661 .841 1.000 .000

21st Day Mesial 36.353 5.629 1.780 19.829 3.127 .989 .000 .000
Distal 26.438 3.233 1.022 17.901 2.676 .846 .000 .000

28th Day Mesial 51.500 3.193 1.010 22.583 2.531 .800 .000 .000
Distal 31.396 4.892 1.547 18.727 2.844 .899 .000 .000
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Fig. 1: ALP activity in GCF in both Mesial and Distal
sites of Experimental and Control Maxillary Canines

activation. It significantly rises from 7th day onwards
and remains almost at the same levels on 14th, 21st

and 28th days, but is significantly less than in
comparison to the distal site of experimental group.
[Table I (e)].

The Non- parametric tests [Mann-Whitney
U-tests] too showed similar results (Table II). ALP
activities in GCF in mesial and distal sites are found
to be the same both in experimental and control
groups before activation. After one hour of
activation, ALP activity in mesial is found to be
higher in the experimental group compared to
control group whereas there is no significant
difference  in distal sites of the two groups.  From 7th

day onwards, the experimental group is found to
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have higher ALP activities in GCF more so in mesial
than in distal sites when compared to that of control
group. Hence, statistically significant differences in
GCF ALP activity between the mesial and distal
sites was seen only in the DC group on days 7, 14,
and 28 , being always greater in the mesial sites
(areas of tension). ALP activity in GCF in both mesial
and distal sites of experimental and control
maxillary canines is explicitly depicted in graph
form. (Fig 1).

DISCUSSION

Orthodontic tooth movement produces
bone remodeling with deposition in tension sites
and resorption in pressure sites [16-19]. Animal studies
have shown that this process is more complex and
it has been histologically observed that bone
resorption and deposition takes place in both the
compression and tension sites of the alveolar bone
[20-21]. Early detection of periodontal disease can be
effectively evaluated by the biochemical analysis
of GCF.  ALP, aspartate aminotransferase, â-
glucuronidase, immunoglobulin G4, and
prostaglandins are indeed indicative of periodontal
disease progression at specific sites [22-25].

However, the role of ALP activity in
orthodontic tooth movement is interesting as it is
an essential enzyme for bone deposition [26] and
thus a reliable marker of osteoblastic activity [27-28]

and acts by hydrolyzing nonorganic pyrophosphate
( a potent inhibitor of the mineralization process)
[29]. Alkaline phosphatase (ALP) is an enzyme of
the hydrolase class of enzymes and it acts in an
alkaline medium. It is age dependent and is found
in high concentrations in bones, liver,and  biliary
tract epithelium. Changes in alkaline phosphatase
level and activity is seen in a variety of physiological
and pathological events such as bone
development, bone-related diseases like Paget’s
disease, rickets, osteomalacia; liver disease,
inflammatory bowel disease, hyperparathyroidism,
post parathroidectomy , gestation and in drug
toxicity. Hence, the criteria of selection of patients
for the study was that they exhibit good general
health. Researchers observed a high ALP activity
in tension sites and decreased enzymatic activity
in pressure sites in rats [30-31]

In the present human longitudinal study
the GCF ALP activity in the DC was compared with
that of CC and the results from our data showed
that the enzymatic activity was dependent on the
orthodontic phase and was significantly different
among DCs and CCs. Several different approaches
can be adopted for the collection of GCF. A
preweighed twisted thread can be  placed  into the
gingival crevice [32] however, this method is time-
consuming, requires accurate weighing of small
samples and is disruptive to the crevicular
epithelium. Another method which is less disturbing
to the crevicular epithelium and facilitates more
rapid measurements is the placement of filter paper
strips in the gingival crevice. [33-36]

Microcapillary tubes too can be used to
collect predetermined volumes of GCF [37-38]. In our
study we have used the Hirschmann microcapillary
pipette to collect 1µLof native GCF. The
microcapillary tube is passed back and forth in the
gingival crevice for 10-15 minute periods. Care
should be taken not to disrupt the delicate crevicular
epithelium and any contamination with blood or
serum should be discarded and a fresh sample
taken. GCF ALP activity is the total activity per
sample and small errors in volume determination
can lead to large errors in estimates of fluid
concentrations [39]. Any increase in GCF volume can
dilute its contents.  Hence, predetermined short
length of time is most reproducible and a valid
approach in the collection of GCF.

From day 7 to day 28, there was a steady
increase in the GCF ALP activity in the DCs on the
mesial (tension) sites in comparison to the distal
(compression) sites with respect to baseline values.
On the 7th day, the enzyme activity on the
experimental side had risen to 180% from the
baseline on the mesial aspect and around 150%
on the distal aspect. The enzyme activity had
increased 1½ times compared to the control side.
Increased ALP activity on the 7th day in our study is
difficult to explain as the period is too early for
osteoblastic activation, an opinion eschewed by
many other researchers [26], [40-41]. The14th day showed
even steeper incline in the ALP levels on the
experimental side.  There was an increase of 330%
in ALP level on the mesial aspect from the baseline
but the increase was significantly lower on the distal
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aspect at 230%. Also, the experimental side
showed 2½ times more elevated ALP levels than
the control side at the same stage. On the 21st day,
there was a drop in ALP levels in the mesial aspect
on the experimental side, but still remained around
250% higher than the baseline score. The distal
aspect also recorded some decline but lesser than
that of the mesial aspect. The fall in activity is
attributed to the removal of hyalinized zone. Yokoya
et al., [42] reported that osteoclasts increase upto
the 7th day on the pressure side but fall rapidly by
14th day. The 28th day again showed a significant
increase in ALP levels with the mesial side showing
an increase to more than 350% from the baseline
levels and the distal side showing levels close to
250% from the baseline. At this stage, the
experimental side was 2½ times higher than the
control side. Gingival inflammation too can cause
increased ALP activity [15], [43].  As the plaque score
and the bleeding on probing score was less than
20%, it was deduced that the increase in ALP activity
was due to a mechanically induced inflammation
and not a bacterially induced one. The greater ALP
activity values reported for the mesial (tension) sites
as compared to that of the distal (compression) sites
on day 14th and 28th, might be a consequence of
the prevalence of bone deposition over resorption.
This observation was in concurrence with other
significantly reported data [15], [21], [26], [31], [44].

Insoft et al., [15] treated only 3 patients and
hence his data was not statistically significant
whereas, our data was statistically significant as
10 patients were evaluated longitudinally over a
period of 28 days. ALP activity at the mesial and
distal sites of the CC showed marginal rise in ALP
levels in concomittance with normal bone
remodeling, reiterating the fact that the distalized
canine could have evoked the spike in ALP activity.
This is concomittant with the reports that suggest
that orthodontic forces produces distortion of the
periodontal ligament extra-cellular matrix, resulting
in alterations in cell shapes leading to the synthesis

of tissue degrading enzymes, acids, inflammatory
mediators and extra-cellular matrix components
that induce cellular proliferation, differentiation and
remodeling. [45]

It has been reported that alkaline
phosphatase activity is at higher levels in
periodontal ligament than in connective tissues and
if mechanically stressed can release ALP [46] and
since orthodontic tooth movement is a periodontal
ligament phenomenon, its release in the GCF and
its subsequent estimation would enable the
orthodontist to monitor the biologic processes
occurring during orthodontic tooth movement,
thereby serving as an invaluable diagnostic tool in
clinical practice. It may be surmised that estimation
of ALP activity in GCF would enable the orthodontist
to assess patient compliance, appliance
management, and delivery of optimal forces, based
on individual tissue responses.

 CONCLUSIONS

1. Significant variations in alkaline
phosphatase level was observed in the GCF
in the mesial site of the distalized canine.
i.e., in the areas of tension in comparison to
that of the distal site which was the area of
compression.

2. Increased ALP activity was observed from
7th day onwards with significant peaks on
the 14th and 28th day in the mesial site of the
distalized canine.

3. A relative decrease in rate of ALP activity
was seen on the 21st day in the mesial site of
the distalized canine.

4. The ALP activity in the distal site of the
distalized canine did not show as marked
an increase as in the mesial site as it was
the area of compression.

5. ALP activity in the control side showed
minimal rise in levels in both the mesial and
distal sites.
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