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Background: Piezocision, a minimally invasive surgical procedure, has been 
used to accelerate tooth movement'' is appropriate as a background to the abstract 
section. Aim: The aim of this randomized split‑mouth study was to evaluate 
gingival crevicular fluid  (GCF) osteocalcin  (OC) and type  I collagen cross‑linked 
C‑terminal telopeptide  (ICTP) levels during canine distalization with and without 
piezocision acceleration. Material and Methods: Fifteen systemically healthy 
subjects  (M:F 7:8, 16.27  ±  1.14  years) requiring extraction of maxillary first 
premolars before retraction of canines were included in the study. Piezocisions 
were randomly carried out on one of the maxillary canines while bilateral canines 
served as controls. Canine distalization was conducted using closed‑coil springs 
applying a force of 150  g/side by using miniscrews as anchorage. GCF sampling 
was performed from maxillary canine mesial and distal sites at baseline, 1, 7, 14, 
and 28  days. The GCF levels of OC and ICTP were detected by enzyme-linked 
immunosorbent assay (ELISA). The rate of tooth movement was evaluated at 
2‑week intervals. Results: The amounts of canine distalization from baseline 
to 14 and 28  days in the piezocision group were significantly higher than the 
control group  (P  <  0.05). The GCF OC level of the piezocision group on the 
tension side and the ICTP level of the same group on the compression side 
were higher than the respective sides of the control group on day 14  (P  <  0.05). 
Conclusions: Piezocision was found to be an effective treatment procedure for 
accelerating canine distalization accompanied by increased levels of OC and ICTP.
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includes micro‑incisions limited to buccal gingiva that 
allow the use of a piezoelectric knife to give osseous 
cuts to buccal cortex and thereby initiate the regional 
acceleratory phenomenon  (RAP).[6,7] Once RAP begins, 
regional soft and hard tissue processes such as perfusion, 
growth, and bone turnover increase above normal 
values.[8] There is a localized surge in both osteoblastic 

Original Article

Introduction

In recent years, accelerated tooth movement has 
become one of the most popular issues in the field 

of orthodontics. The duration of orthodontic treatment 
using fixed appliances requires approximately 2 years.[1] 
Since canine distalization may take up to 8  months in 
extraction cases,[2,3] additional surgical techniques, 
including corticotomy, micro‑osteoperforations, 
corticision, piezopuncture, and piezocision, may be 
preferred for rapid tooth movement.[4,5]

Piezocision, a minimally invasive surgical procedure, 
has been used to accelerate tooth movement since 
its introduction by Dibart in 2009.[6] This technique 

Department of 
Periodontology, Dental 
Faculty, Marmara 
University, Istanbul, 1Private 
Practitioner in Orthodontics, 
Istanbul, 2Department of 
Periodontology, Dental 
Faculty, Yeditepe University, 
Istanbul, 3Department of 
Orthodontics, Dental Faculty, 
Okan University, Istanbul, 
Turkey

A
b

st
r

a
c

t

How to cite this article: Yıldırım HS, Ateş M, Gün IO, Kuru B, Çakırer B, 
Kuru L. Osteocalcin and cross‑linked C‑terminal telopeptide of type  I 
collagen in gingival crevicular fluid during piezocision accelerated 
orthodontic tooth movement: A randomized split‑mouth study. Niger J 
Clin Pract 2023;26:470-7.

Access this article online
Quick Response Code:

Website: www.njcponline.com

DOI: 10.4103/njcp.njcp_539_22

PMID: *******

Received: 
11-Aug-2022; 
Revision: 
11-Dec-2022; 
Accepted: 
12‑Jan‑2023; 
Published: 
15-May-2023

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical 
terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

D
ow

nloaded from
 http://journals.lw

w
.com

/njcp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 10/23/2023



Yıldırım, et al.: Effect of tooth movement with piezocision on the bone

471Nigerian Journal of Clinical Practice  ¦  Volume 26  ¦  Issue 4  ¦  April 2023

and osteoclastic activities resulting in decreased bone 
density accompanied by increased bone turnover.[9]

Gingival crevicular fluid  (GCF) is an extracellular fluid 
accumulating in the gingival sulcus.[10] It is composed 
of serum and locally generated constituents such as host 
inflammatory cells and biological markers including 
enzymes, cytokines, interleukins, and tissue breakdown 
products.[10] A large number of GCF components have 
been investigated as potential biochemical markers that 
stimulate cellular response of the underlying periodontal 
ligament and bone during tooth movement and bone 
turnover.[11‑14]

Osteocalcin  (OC), a noncollagenous protein, is 
expressed by osteoblasts during mineralization of the 
bone extracellular matrix.[11] Griffiths et  al.[12] reported 
that OC is detectable in the GCF during tooth movement 
and may be a diagnostic marker for bone turnover. 
Furthermore, Alfaqeeh and Anil[13] detected elevated 
GCF levels of OC during orthodontic treatment and 
suggested the indicative role of an increased rate of 
bone formation and active tooth movement.

Type  I collagen cross‑linked C‑terminal telopeptide 
(ICTP) is released into the circulation as a consequence 
of bone resorption and collagen degradation.[15] ICTP is 
specific to bone due to its unique amino acid sequences 
and constitutes 90% of the bone matrix. It is mediated 
by osteoclasts and found in urine, serum, and GCF as a 
bone degradation end‑product.[16] Consequently, the GCF 
level of ICTP has been considered as a specific marker 
for bone resorption during orthodontic treatment.[17]

Although there are clinical studies[2,3,5,18‑28] and case 
reports[6,7,29,30] on RAP using various techniques 
revealing substantial improvement in the velocity of 
tooth movement, little is known about the underlying 
biological activity of piezocision‑accelerated tooth 
movement. Therefore, the aim of this study was to 
evaluate and compare canine distalization with and 
without piezocision acceleration with regard to the GCF 
OC and ICTP levels.

Material and Methods

The clinical research ethical committee of Akdeniz 
University, School of Medicine, approved the study 
protocol  (04.03.2013/38). The research was conducted 
in accordance with the principles in the Helsinki 
Declaration of 1975 as revised in 2013 and registered at 
ClinicalTrials.gov (NCT04611984).

Study population
This randomized controlled split‑mouth‑designed clinical 
study was performed from March 2013 to May 2014 in 
the Departments of Orthodontics and Periodontology 

of Marmara University, Istanbul, Turkey. Fifteen 
healthy subjects  (M:F 7:8) 13–19  years old  (mean 
age 16.27  ±  1.14  years) were enrolled. The inclusion 
criteria were as follows: Class  I, II, or III malocclusion, 
proclined incisors requiring maxillary first premolar 
extraction with subsequent canine retraction, no previous 
orthodontic treatment, good periodontal health, and oral 
hygiene  [plaque index  (PI)[31] and gingival index  (GI)[32] 
≤1, probing depth  (PD) ≤3  mm, no radiographic bone 
loss]. The patients and their legal guardians agreed to 
participate in the research by signing a consent form.

Primary outcome and sample size calculation
The primary outcome of this study was the tooth 
movement. The sample size was calculated on the basis 
of a similarly designed study.[33] Assuming that the 
common standard deviation for tooth movement is 0.47, 
a sample of 13 participants per group would provide 
90% power to detect a true difference of 0.52  mm 
between the groups. Fifteen patients were enrolled in 
each group considering possible dropouts.

Orthodontic treatment
Orthodontic treatment was performed with a full‑fixed 
Roth prescription straight wire appliance  (MIB, Rueil, 
France) by one of the investigators  (IOG). Following 
the extraction of maxillary first premolars, leveling 
and alignment of the upper dentition were performed 
by using 0.012‑, 0.014‑, and 0.016‑in NiTi archwires, 
respectively, for at least 3 months to avoid RAP caused 
by extraction. After leveling, a 0.016‑in steel archwire 
was applied to start canine distalization. Miniscrews 
with dimensions of 1.7  ×  8.0  mm  (Orthoeasy, 
Pforzheim, Germany) were placed between maxillary 
second premolar and first molar teeth bilaterally. At each 
session, patients’ oral hygiene was evaluated, and oral 
hygiene instructions were given, if necessary.

Randomization and blinding
Bilateral maxillary canines were randomly assigned 
to either the piezocision or control group via a 
computer‑generated randomization table with an 
allocation ratio of 1:1. The allocation sequence was 
concealed via sequentially numbered, sealed, and opaque 
envelopes by one of the investigators  (MA). They were 
opened before piezocision procedure. The investigators 
applying the clinical  (IOG) and surgical  (HSY) 
procedures and patients were not blinded. Samples of 
GCF were obtained and numbered by another blinded 
researcher (LK).

Surgical procedure and canine retraction
Using a randomized split‑mouth design, piezosurgery 
was carried out on the mesiobuccal and distobuccal 
aspects of the maxillary canine teeth, which were 
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allocated to the piezocision group, while bilateral 
canines served as the control group. Patients were 
instructed to rinse with 0.2% chlorhexidine digluconate 
mouthwash for 30 s before the procedure. Following 
the application of local infiltrative anesthesia 
(Ultracain Forte, Sanofi‑Aventis, Germany), a vertical 
micro‑incision of 3  mm was performed just below the 
interdental papilla on the attached gingiva with a no: 15 
scalpels by one of the investigators  (HSY).[6] Cortical 
alveolar incisions to a depth of 3  mm were created via 
a piezosurgery knife  (BS1 insert, Piezotome, Merignac, 
France)  [Figure  1]. Immediately after, 0.016‑in steel 
wires were placed, and closed coil springs extending 
from canine teeth to miniscrews were utilized with 150 
gr of distalization force to retract canines bilaterally in 
all patients  [Figure  1]. They were instructed not to use 
any nonsteroidal anti‑inflammatory drug either during 
the postoperative or canine distalization procedure to 
avoid overlapping with RAP.

Distalization measurements
For distalization measurements, patients were evaluated 
at 2‑week intervals at baseline and 14 and 28  days 
after the canine distalization. At each appointment, the 
force of canine distalization was measured via a force 
gauge  (Dentaurum, Ispringen, Germany), and closed 
coil springs were reactivated if any force decay had 
occurred. The impression of the maxilla was initially 
obtained using alginate to prepare cast models. All 
measurements were carried out on the dental cast model 
via a digital caliper by the same investigator  (MA). The 
space closure amount was based on the measurements 
of the distance between the contact points of the distal 
surface of the canine and the mesial surface of the 
second premolar. The change in distance between the 
three observation periods  (baseline, 14, and 28  days) 
represented the canine movement amount, which was 
divided by the number of days between two sessions to 
obtain the retraction rate on a daily basis.

GCF collection
GCF samples were obtained from the maxillary 
canines on both the mesial and distal sides of each 
subject at beginning of retraction immediately before 
piezocision  (day 0), on days 1 and 7, and before 
activation on days 14 and 28. GCF was obtained with 
paper strips  (Periopaper, Oraflow, NY, USA) using 
the method described by Kuru et  al.,[34] and the GCF 
collected volumes were determined by Periotron® 
8000  (Oraflow, NY, USA). GCF samples were stored 
at −80°C until laboratory analysis.

Determination of N‑MID OC and ICTP
The GCF OC and ICTP levels in samples were detected 
using colorimetric sandwich ELISA kits  (Serum 

CrossLaps® ELISA and N‑Mid® Osteocalcin ELISA kits, 
Immunodiagnostic Systems Ltd, Boldon, UK) according 
to the manufacturer’s instructions.

Statistical analyses
Statistical analyses were carried out via IBM SPSS 
22 software  (IBM SPSS Statistics, IBM Corp., 
USA). Shapiro–Wilk’s test was performed to test the 
distribution normality. Intergroup comparisons were 
performed with the Mann–Whitney U test. The Friedman 
test was carried out for multiple intragroup comparisons. 
A P < 0.05 was considered to be statistically significant.

Results

Fifteen participants were enrolled, and none of 
the participants were lost during the follow‑up 
period  [Figure  2]. Healing was uneventful and no 
complications were observed after the piezocision 
procedure.

Table 1: Intra‑ and inter‑group comparisons of 
distances (mm) between canine and second premolar at 
baseline, on 14 and 28 days, and the amount of canine 

movement (mm) between these time periods
Time 
points

Piezocision group 
Mean±SD  

Median (min‑max)

Control group 
Mean±SD  

Median (min‑max)

P*

Baseline 5.63±0.62
5.65 (4.42‑6.59)

5.57±0.89
5.47 (4.07‑7.68)

0.713

14 day 4.87±0.68
4.89 (3.79‑6.20)

5.30±0.92
5.21 (3.59‑7.26)

0.137

28 day 4.37±0.74
4.20 (3.15‑5.85)

4.88±1.00
4.81 (3.45‑7.07)

0.174

P# 0.0001 0.0001
Δ0‑14 days 0.76±0.28

0.75 (0.36‑1.50)
0.27±0.13

0.25 (0.07‑0.52)
0.0001

Δ14‑28 days 0.50±0.15
0.51 (0.23‑0.79)

0.43±0.23
0.38 (0.14‑0.86)

0.389

Δ0‑28 days 1.27±0.36
1.27 (0.74‑2.20)

0.70±0.25
0.62 (0.32‑1.11)

0.0001

SD: Standard deviation, #Friedman test, * Mann‑Whitney U test, 
P<0.05

Figure  1: (a) Before piezocision, 3  mm was measured and a 
black line  (arrow) was marked on the piezocision knife, and 
(b) piezocisions  (arrowhead) were performed on the mesiobuccal and 
distobuccal aspect of the alveolar bone of the maxillary right canine
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Clinical findings
The mean full‑mouth clinical periodontal parameters of 
all subjects were as follows at baseline: PI 0.33 ± 0.09, 
GI 0.29 ± 0.08, bleeding on probing 4.99 ± 2.19%, and 
PD 1.86 ± 0.26 mm.

In terms of canine distalization, the mean distance 
between the canine and second premolar decreased from 
the baseline value of 5.63 ± 0.62 mm to 4.37 ± 0.74 mm 
at 28  days in the piezocision group  (P  =  0.0001) 
and from 5.57  ±  0.89  mm to 4.88  ±  1.00  mm in the 
control group  (P  =  0.0001)  [Table  1]. The amount 
of canine distalization in the piezocision group was 
significantly higher than that in the control group at 

Δ0–14  days  (0.76  ±  0.28  mm vs. 0.27  ±  0.13  mm, 
respectively) and at Δ0–28  days  (1.27  ±  0.36  mm vs. 
0.70  ±  0.25  mm, respectively)  (P  =  0.0001)  [Table  1]. 
The piezocision group demonstrated higher retraction 
rates than the control group on both 14th  and 
28th days (P = 0.0001) [Table 2].

GCF volume
A total of 300 GCF samples were obtained from mesial 
and distal sides of the maxillary canines throughout 
the study period. GCF volumes of the tension 
and compression sides of both groups at different 
measurement time points remained similar during the 
28‑day experimental period, with minor fluctuations and 
without any intra‑ and intergroup differences (P > 0.05) 
[Figure 3].

Table 2: Retraction rate (mm/day) of canine movement 
of the groups on 14 and 28 days

Time 
points

Piezocision group 
Mean±SD 

Median (min‑max)

Control Group 
Mean±SD 

Median (min‑max)

P*

14 days 0.050±0.02
0.05 (0.02‑0.10)

0.018±0.01
0.02 (0.01‑0.04)

0.0001

28 days 0.045±0.01
0.04 (0.03‑0.08)

0.025±0.01
0.02 (0.01‑0.04)

0.0001

SD: Standard deviation, *Mann‑Whitney U test, P<0.05

Figure 2: The flow chart of the study

Figure  3: GCF volume  (µl) obtained from tension and compression 
sides of the piezocision and control groups during 28‑day study period
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Levels of N‑MID OC and ICTP in GCF
Compression sides of both groups demonstrated 
similar concentrations of N‑MID OC in GCF at all 
time points  (P  >  0.05). Tension sides of both groups 
also showed similar N‑MID OC concentrations in 
GCF  (P  >  0.05), except on day 14. The mean level of 
N‑MID OC in the piezocision group was found to be 
almost sixfolds higher and statistically different than that 
in the control group (P = 0.029) [Figure 4].

The tension sides of both groups presented similar 
concentrations of ICTP in GCF throughout the 
study period at all time points  (P  >  0.05). Similarly, 
the compression sides of both groups showed 
similar ICPT levels in GCF  (P  >  0.05), except on 
day 14. The mean level of ICTP was significantly 
higher in the piezocision group than in the control 
group (P = 0.015) [Figure 5].

Discussion

To the best of our knowledge, the present study is the 
first study that investigated clinically and biochemically 
the effect of piezocision‑accelerated canine distalization 
on the OC levels in GCF as a bone formation marker 
and the ICTP levels in GCF as a bone resorption marker.

There is some evidence suggesting that the orthodontic 
tooth movement is faster in adolescents than adults.[35,36] 
On the contrary, two recent systematic reviews and 
meta‑analyses assessing retrospective nonrandomized 
studies concluded that the duration of comprehensive 
orthodontic tooth movement including canine retraction 
did not differ between adolescents and adult subjects.[37,38] 

Nevertheless, our study population consisted of young 
individuals ranging between 13 and 19 years old.

The results of this study showed that amount of 
canine distalization at 28  days was 1.27  ±  0.36  mm 
in the piezocision group and 0.70  ±  0.25  mm in 
the control group. In clinical studies examining 
piezocision‑accelerated canine distalization, the amount 
of canine movement on day 28 was reported to be in the 
range of 0.50 ± 0.07 to 1.54 ± 0.4 mm in the piezocision 
groups and 0.30  ±  0.38 to 1.30  ±  0.78  mm in the 
control groups treated with conventional orthodontic 
treatment.[2,3,18,19,22,23,26,27] Our results at 14 and 28  days 
were within the range specified in the abovementioned 
studies favoring the piezocision group. In contrast, 
some of the recent studies concluded that there is 
no difference between piezocision and conventional 
procedure regarding the rate of canine distalization.[19,23] 
This contradictory finding may be due to the different 
surgical protocols of piezocision procedure utilized in 
these studies. Nevertheless, the sample sizes of relevant 
studies[19,23] ranging from 17 to 20 subjects were larger 
than the sample size in our study. The canine retraction 
rate of the piezocision group was twofold greater than 
that of the control group at 28  days in the present 
study. This result was in concomitance with findings 
of Abbas et  al.[2] and Aksakalli et  al.,[3] who stated 
that orthodontic movement rate on the piezocision side 
was 1.5–2  times faster than that on the control side at 
1  month. This acceleration may be explained by the 
RAP and decreased alveolar bone resistance to tooth 
movement. Surgical injury causes reversible decrease 
in bone mineral density, that is, transient osteopenia 

Figure 4: GCF N‑MID OC level (ng/ml) in the tension and compression 
sides of the piezocision and control groups during 28‑day study period. 
Connector indicates a significant difference. P value is given above the 
connector. * and ° indicate outliers

Figure  5: GCF ICTP level  (ng/ml) in the tension and compression 
sides of the piezocision and control groups during 28‑day study period. 
Connector indicates a significant difference, and P value is given above 
the connector. * and ° indicate outliers
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in alveolar bone[39] that reduces the resistance and 
enables rapid tooth movement through trabecular bone. 
Therefore, increased tooth movement in the piezocision 
group may be attributed to the increase in bone 
turnover associated with RAP transient osteopenia,[6,39] 
decrease in hyalinization necrosis, and reduction in 
bone resistance to tooth movement.[40] Corticotomy as 
a surgical method produces a greater amount of canine 
movement than piezocision, as reported by Abbas 
et  al.,[2] who used corticotomy versus piezocision and 
conventional orthodontic treatment in their groups. 
Corticotomy requires more extensive surgery, resulting 
in the enhancement of RAP associated with the severity 
of bone injury. On the other hand, piezocision is a 
minimally invasive technique that does not require 
flap elevation and involves only a 3‑mm partial cut at 
the buccal side of interproximal bone to enhance RAP. 
Recently, new approaches have been proposed using 
either noninvasive diode laser irradiation to increase 
cellular activity during bone remodeling[25] or Er:YAG 
laser‑assisted minimally invasive flapless corticotomy 
performed to obtain alveolar cortical perforations with 
a 3‑mm depth through the gingiva.[5] However, the 
clinical and patient‑reported outcomes of biostimulation 
via diode laser or microperforations via Er:YAG laser 
remain somewhat controversial and limited.

Recent studies on canine distalization compared 
the effectiveness of piezocision versus micro-
osteoperforation defined as a surgical method in which 
small perforations are created in the bone around the 
teeth to accelerate orthodontic movement.[20,21,24,28] 
However, the outcome of these studies is somewhat 
equivocal. While Alqadasi et al.[21] reported no difference 
between micro‑osteoperforation and piezocision, Farag 
et al.[24] concluded that micro‑osteoperforation was more 
effective method, whereas Simre et al.[28] and Ramkumar 
et  al.[20] stated that the rate of canine retraction per 
month was significantly higher in the piezocision as 
compared to micro‑osteoperforation technique.

The volume of GCF may vary according to the size of 
the gingival sulcus and the sampling techniques and 
is affected by factors such as chewing coarse foods, 
vigorous toothbrushing, gingival massage, smoking, sex 
hormones, plaque‑induced gingival inflammation, and 
periodontal therapy.[41] The present study indicated that 
orthodontic tooth movement did not cause any change 
in GCF volume during the 28‑day experimental period. 
This finding was confirmed by other studies, such 
as Nishijima et  al.[42] and Dilsiz et  al.,[43] revealing a 
nonsignificant influence of mechanical stress on the GCF 
volume. In contrast, Capelli et  al.[44] and Drummond 
et  al.[14] reported that tooth movement forces result 

in GCF volume elevation. No alterations in the GCF 
volume were observed in our study, which may also be 
attributed to the high oral hygiene level of the patients 
with low PI and GI values.

Analysis of constituents in GCF samples provides 
quantitative detection of biochemical markers for the 
evaluation of local cellular metabolism that reflects 
periodontal health and disease status,[45] as well as 
orthodontic tooth movements.[11‑14] Bone turnover 
may be estimated by the assessment of matrix 
proteins or enzymes produced by osteoblasts or 
osteoclasts.[46] Because it is important to investigate both 
bone formation and resorption markers to reflect the 
underlying molecular and cellular mechanism of bone 
turnover in tooth movement, both OC as a marker of 
bone formation and ICTP as a marker of bone resorption 
were investigated in this randomized split‑mouth 
designed study to clarify the biochemical aspect of bone 
turnover in piezocision‑accelerated orthodontic tooth 
movement. OC, known as bone Gla and calcium‑binding 
protein, is a vitamin D‑  and K‑dependent protein 
synthesized by osteoblasts and is deposited in bone 
extracellular matrix.[15] The tension and compression 
sides of both groups demonstrated similar OC levels 
during our study period except on day 14. At the same 
time, the OC level in GCF was higher in the piezocision 
group tension side than the control group tension side 
parallel to high canine retraction rate in the piezocision 
group on day 14. Our findings suggesting an additional 
positive effect of piezocision procedure on canine 
retraction in both clinical and biochemical aspects are 
supported by a study by Alfaqeeh and Anıl[13] evaluating 
the influence of orthodontic movement on GCF OC 
level during canine retraction. They reported a peak in 
OC level in the pooled GCF samples on day 14 after 
retraction of canine chosen for the test group applied 
125 gr force compared to the control side without any 
force application. Griffiths et  al.[12] collected GCF from 
the distal surface as the compression side of maxillary 
canines with fixed appliances during four stages  (i.e., 
stage 1: before orthodontic appliance placement, stage 2: 
after orthodontic appliance placement, stage 3: retraction, 
and stage 4: retention) of conventional canine retraction 
and investigated the levels of OC, pyridinoline, and 
deoxypyridinoline. Similar to our results regarding the 
compression side, OC levels did not reveal any relation 
to the stages of orthodontic treatment. When all the 
findings of the present and the abovementioned studies 
are taken together, GCF OC levels reflect the bone 
activity for producing new bone matrix on the tension 
side, and 14  days is the time period with highest bone 
turnover activity.[47‑51]
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Collagen type  I is the major protein of the bone 
extracellular matrix and constituted as a triple helix, 
except for the two ends called N‑terminal and 
C‑terminal telopeptides.[15] It is stabilized by the 
covalent cross‑linking molecules pyridinoline and 
deoxypyridinoline, which are generated extracellularly 
after collagen deposition into the matrix and released 
from bone only during collagen breakdown or bone 
resorption.[15] Griffiths et al.[12] showed that pyridinoline 
and deoxypyridinoline were not detectable during four 
phases of conventional orthodontic treatment for canine 
distalization. In a split‑mouth canine distalization 
study by Alfaqueeh and Anil,[13] GCF type  I collagen 
N‑terminal cross‑linked telopeptide  (NTx) levels 
representing the bone resorption process increased 
significantly on the test side, where 125 gr force was 
applied, whereas no change was observed on the control 
side without any force application on days 14 and 
21. To date, a number of orthodontic tooth movement 
studies have investigated GCF levels of pyridinoline, 
deoxypridinoline, and NTx reflecting the anabolic and 
catabolic biologic activities in the alveolar bone.[12,13] 
The results of the present study showed that the tension 
and compression sides of the groups demonstrated 
similar GCF ICTP levels at all time points except on 
day 14. Likewise, the ICTP level was significantly 
higher in the piezocision group compression side than 
in the control group compression side parallel to the 
high canine retraction rate in the piezocision group 
on day 14. Ferguson et  al.[52] analyzed recent 12 
publications quantitatively and concluded that elevated 
catabolic bone biomarkers such as tumor necrosis 
factor‑alpha and tartrate‑resistant acid phosphatase 
were detected during 14 or 28  days after several 
surgical acceleration techniques including piezocision, 
corticotomy, and micro‑osteoperforation. However, the 
differences were not found to be enough to discriminate 
catabolic bone activity among these techniques. 
According to the results of previous studies and our 
study, tooth distalization procedures stimulated bone 
turnover through increased osteoclastic activity on the 
compression side with higher bone resorption marker 
levels leading to tooth movement.

One of the limitations of the present study was the short 
follow‑up period  (28  days) of piezocision‑accelerated 
canine distalization. Another limitation was the small 
sample size, although it was calculated as 13 subjects 
per group based on the power analysis. A  longer 
follow‑up period with larger sample size may be needed 
for future studies.

Conclusion

Within the limits of this study, piezocision was found 
to be an efficient treatment procedure for accelerating 
canine distalization supported by the accompanying 
increased levels of OC on the bone formation side and 
increased levels of ICTP on the bone resorption side 
at 14  days as a time period with the highest biological 
activity in bone.
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