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ABSTRACT

Purpose:In this study we were aiming to determine and evaluate the efficacy of 
the stem cells and corticotomy on the rate of canine retraction. Materials and  
Methods: 22 patients from both genders were selected. The age range of the selected 
cases was (15-20 years). All patients were examined to fulfill the inclusion criteria. 
These patients were divided into two groups; control group and intervention group. 
Split mouth technique was adopted in the intervention group to minimize the variables. 
In the intervention group one side received piezocorticomy only, while the other side 
received piezocorticotomy and stem cells. In control group conventional orthodontic 
canine retraction was carried out. To measure the rate of canine retraction; impression 
and casts were taken every one month till complete canine retraction. Casts were then 
digitally scanned and superimposed to digitally measure the rate of canine retraction. 
Results: Regarding maxilla the results showed no significant difference in the total 
rate of canine retraction of all comparative groups. Regarding mandible, the differ-
ence was significant higher between both stem cell and piezo groups in comparison to 
the control group. The canine retraction rate was higher in maxilla and mandible with 
stem cell injection than in the Piezo group of both arches; this difference in maxilla 
was in the first month of retraction only, but in mandible it was in the first two months.  
Conclusions: addition of stem cells to piezocorticotomy showed highest canine retrac-

tion rate in early months of retraction.
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INTRODUCTION

Duration of orthodontic treatment; became the 
first and most important to all of the patients. More-
over, duration longevity of the treatment in many 
cases may lead to multiple side effects; as decay, 
recession of the gingival margins or even may cause 
root resorption. That’s why there was a demand 
calling for to find the best method to speed up the 
movement and also having the least disadvantages 
as possible or even no disadvantages (1) .

One of the surgical methods of accelerating ca-
nine retraction is corticotomy; in Corticotomy As-
sisted Orthodontics CAO; the cortical layer is cut or 
perforated to the depth of the medullary bone which 
is preserved (2).

Accelerated Osteogenic Orthodontics (AOO) 
concept appeared by 2001; combining selective 
partial decortications and bone graft. This method 
could accelerate tooth movement with the ability to 
reshape and increase the buccolingual thickness of 
the alveolar bone(3).Periodontally accelerated osteo-
genic orthodontics (PAOO) concept; is the combi-
nation of both the autogenous graft of bone with the 
assistance of corticotomy for acceleration of orth-
odontic tooth movement. Both methods AOO and 
PAOO shown to be effective approaches in adults to 
decrease treatment time, root resorption and allow 
bone augmentation (4).

Conventional corticotomy techniques using burs 
and chisels were exclusively used. It was reported 
that rotary bur can make fast, deep cuts, but de-
spite maximum caution measures; injuries caused 
by compression or direct trauma could not be ex-
cluded. (5).

Piezo-surgery instrument was first developed in 
1988, this method was introduced by using an ul-
trasonic machine with a modulated frequency that 
gives a very precise cutting edges in the bone. This 
procedure is very safe as the nerves, vessels and soft 
tissues are not affected harmfully by the vibration 
the ultrasonic instrument, as its already adjusted 

before procedure to target only hard bony tissue. A 
very low bleeding tendency is also maintained by 
the selective and thermal harmless feature of the 
Piezo method of acceleration.

Piezocorticotomy involves gingival micro inci-
sions or vertical incisional cuts in the cortical bone 
which may be with flap and may not. The piezotome 
can be used also in extracted teeth sockets to remove 
bundle bone easily from the walls of the socket and 
this is done to lower the resistance of the tooth dur-
ing movement in orthodontic treatment. Piezocision 
is 1.5 times faster than conventional orthodontics. A 
study conducted to compare between the transversal 
changes during canine retraction and the extend of 
distalization of the same tooth among patients with 
upper premolar extraction during orthodontic treat-
ment. Those patients are divided into two groups, 
the first was with piezocision and the other without. 
The Piezo group gives results of acceleration dur-
ing retraction in compare to the piezo free (control) 
side. Also, results were sufficient to show that the 
investing group was free from any maxillary trans-
versal changes and in this study there was decrease 
in loss of anchorage among posterior teeth (7).

In a study the piezoelectric instrument vibration 
was investigated for its potential use in periodontal 
therapy and it produced excellent wound healing 
results (8).

In 2016; a study published evaluating the cor-
ticotomy efficiency in orthodontics and precision 
regarding canine retraction. Extraction of the first 
bicuspid teeth in the upper arch was required to give 
sufficient space to evaluate canine retraction. They 
concluded that both modules are efficient in treat-
ment acceleration regarding canine retraction (9).

In 2016; piezocicsion technique was able to re-
duce treatment time overall by about 43% when sup-
ported by piezocision comparing this to the control 
group. But on the other hand in about 50% of the 
piezocision applied group scares were observed(10).
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In 2017; a study reported a significant reduction 
of treatment duration in the piezocision group (11).

Stem cells are unspecialized cells and have the 
potential to become one or more specialized cell 
types. Stem cells have the ability to divide to give 
rise to both daughter cells and more specialized 
function cells (12).

Orthodontic tooth movement (OTM) achieved 
by alveolar bone response to applied pressure and 
PDL remodeling under various mechanical loading 
forces. Constriction of the periodontal ligaments 
cases the install inflammation in the sites of pressure 
which lead to focal necrosis and osteoclasts calling 
from adjacent to marrow spaces. These last mostly 
come from hematopoietic stem cells. Regarding, 
stem cells may be used in orthodontic tooth move-
ment to aid in acceleration by providing progenitor 
cells (13-15). Stem cell therapy has the ability to ac-
celerate alveolar bone regeneration (16).

In (2012); corticotomy and tissue engineering 
for orthodontics was discussed from historical point 
of view and so the new way of thinking to open a 
new gate for treatment. The article was explain how 
to utilize the benefits of both corticotomy facilitated 
orthodontics combined to tissue engineering which 
includes the stem cells therapy as a new era in medi-
cine, dentistry and orthodontics (17).

In (2012); corticotomy and stem cell therapy 
have been discussed as a beneficial concept for 
orthodontists and periodontists. The topic had an 
overview for Rationale, Hypotheses and Protocol 
of corticotomy and stem cell therapy. This attempt 
aimed to enlarge the dental arch basis more speed-
ily, without pain, and with less tissue morbidity than 
other methods. The incorporation of stem cell thera-
py is an important element for a wider age of tissue 
engineering in the twenty first century (18).

The aim of this study was to determine the ef-
ficacy of stem cells and corticotomy on the rate of 
canine retraction. 

SUBJECTS AND METHODS

The study was designed as a randomized con-
trolled clinical study.  Twenty two patients were 
randomly divided into two groups with eleven pa-
tients each.These patients were selected from those 
attending the outpatient clinic, Department of Or-
thodontics, Faculty of Dental Medicine for Girls, 
Al Azhar University. All procedures were explained 
for all patients, informed consent was assigned.

Inclusion criteria for this study werepatients in 
need to extract four first premolars. Full retraction 
of the maxillary and mandibular canines with mod-
erate anchorage needed as a part of the orthodontic 
treatment plan. All permanent teeth other than the 
third molars were present and fully erupted in both 
arches and good oral hygiene.

The first group; the control group went through 
conventional dental orthodontic treatment and ca-
nine retraction without any surgical procedure. 

The second group; the study group employed 
the split mouth technique; where both right and left 
canines of the same patient distributed randomly; 
In one side piezocorticotomy was done distal to the 
canine using flap technique, while in the other side 
piezocorticotomy was done distal to the canine us-
ing flap technique then a scaffold holding stem cells 
was added.

All subjects included in this study were subject-
ed to the following records: extra-oral photograph, 
Intra-oral photograph, Impression of upper and lower 
arches to prepare orthodontic study cast, panoramic 
radiograph, lateral cephalometric radiograph and 
probing depth was measured just before surgery.

Operative procedures

In the study group

Firstextraction of the first premolars, then a con-
servative incision gingivally was done in the position 
of the canine till second premolar. A single vertical 
piezoelectric cut was made distal to the canine on the 
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buccal side using tunneling technique, using NSK 
ultrasonic bone surgery system Variosurg 3 on pro-
gram 4 at power 150% with NSK SG4 Variosurg tip.  
Fig (1-a)

In piezocorticotomy side; After extraction and 
piezocorticotomy; flap incision was gently closed 
by sutures.

In the study side; stem cells prepared on the scaf-
fold were adapted distal to the canine and in to the 
extraction socket and then scoring of the flap inci-
sion was done to allow closure of the socket. 

For Stem Cells Extraction

A bone trucker with gauge 25 was inserted on 
the outer buccal cortex lateral to external oblique 
ridge of mandibular ramus to reach the mandibular 
bone marrow. Then the trucker was connected to a 
syringe with gauge 25 containing 5ml (0.5 heparin 
and 4.5 saline) to prevent coagulation. This syringe 
was used to pump out the mandibular bone marrow, 
during each surgery ~8-10 ml bone marrow was 
pumped (according to each patient). Fig (1-b)

Ficoll separation technique was used to isolate the 
stem cells. The isolated bone marrow 10ml with hepa-
rin and saline 5ml; these 15ml were then divided in 
two centrifugal tubes and each containing 3ml ficoll 
then centrifuge was done at speed 3500 for 20 minutes. 
Each tube after centrifuge had four separate layers; 
yellow, turbid cloudy layer (stem cells), clear layer and 
deep red layer (red blood cells). Fig (1-c). The stem 
cells were isolated and added to the scaffold (Equispon 
absorbable gelatin sponge). Fig (1-d)

The scaffold containing stem cells was adapted 
distal to the canine and into the extraction socket of 
stem cellsside. 

Post-operative instructions were similar to those 
following any minor oral surgery. Only panadoland 
alphintern were prescribed after surgery.

The distal retraction of the right and left canines; 
was performed using a closed NiTi coil spring. The 
closed NiTi coil spring delivered 150 gm of force in 
all groups.

To measure canine retraction; impressions were 
taken every month till complete canine retraction.

 The models were then scanned from an occlusal 
perspective using digital scanner (Identica hyprid). 
For each case all casts were superimposed by setting 
the pre- retraction scan as reference and each of post 
retraction scans as a test by using software (Mimics 
medical 19.0). 

Vertical plane line: for the upper cast models; 
incisive papilla mid line with median palatine raphe 
were used to draw mid line vertical plan. For the 
lower cast models; mid line of the teeth was used to 
draw mid line vertical plan.

 Horizontal plane line: for upper and lower cast 
models; was drawn tangent to the most posterior 
convex point on the cast distal to the most fully 
erupted tooth (distal to upper and lower second 
molars). 

Both planes vertical and horizontal were 
perpendicular to each other. Two perpendicular 

Figure(1) a: buccal piezocorticotomy cut.-b: point of insertion of the bone trucker.-c: isolated bone marrow after centrifuge.-d: 
stem cells added to adsorbable scaffold.
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lines were drawn one from the right and one from 
the left canine cusp tip to the vertical line forming 
two points used for measurement of canine antero-
posterior movement.

The distances between each of these two points 
and the horizontal plane line were measured. 

RESULTS

Clinically; 22 patients had successful healing 
and complete canine retraction.

Statistical analysis was done for all collected 
data using ANOVA test, Kruskal-Wallis test, Fried-
man’s test, Dunn’s test. The significance level was 
set at P ≤ 0.05. Statistical analysis was performed 
with IBM SPSS Statistics for Windows, Version 
23.0. Armonk, NY: IBM Corp.

Upper arch statistical analysis;

•	 The difference wasn’t significant statistically be-
tween total rates of canine retraction in all groups 
regarding the maxillary arch only. Fig (2)

Table 1: Descriptive statistics and results of Kruskal-Wallis test for comparison between rates of upper 
canine retraction in the three groups.

Time
Stem cells Piezo Control

P-value Effect size
(Eta Squared)Median Range Median Range Median Range

T1 2.23 A 1.32-3.45 1.44 B 0.68-2.28 0.6 C 0.3-1.63 <0.001* 0.580

T2 2.71 A 1.66-3.43 2.22 A 0.39-2.69 0.5 B 0.04-0.9 <0.001* 0.605

T3 1.53 A 0.2-1.89 1.74 A 1.32-3.8 0.9 B 0.3-1.6 0.009* 0.305

T4 1 0.11-1.11 0.74 0.06-1.94 0.6 0.31-1.3 0.969 0.108

T5 - - 0.06 0.02-0.39 0.8 0.13-1.53 0.021* 0.436

T6 - - - - 1.1 0.2-1.7 NCİ

T7 - - - - 0.9 0.34-1.5 NCİ

*: Significant at P ≤ 0.05, Different superscripts in the same row indicate statistically significant difference between 
groups, NCİ: Not Computed because there is only data for control group.

•	 Pair-wise comparisons between the groups re-
vealed that stem cells group showed the statisti-
cally significantly highest median rate of upper 
canine retraction during the first month of re-
traction. Table (1)

Lower arch statistical analysis;

•	 In lower arch the difference was not significant 
statistically between the stem cells and Piezo 
groups; both showed statistically significantly 
higher mean total rates of lower canine retrac-
tion than control group. Fig (2)

•	 Pair-wise comparisons between the groups re-
vealed that stem cells group showed the statisti-
cally significantly highest median rate of lower 
canine retraction during the first and second 
months. Table (2)

•	 In stem cells, Piezo and control groups; the 
mean total canine retraction rates of the upper 
arch showed statistically significantly higher 
value than lower arch. Fig (2)
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DISCUSSION

Alveolar corticotomies and many other ap-
proaches that aim to reduce the time required for 
orthodontic therapy; these approaches have brought 
better results but they are not the ultimate solution, 
newer technologies are always welcomed. Technol-
ogies such as stem cell therapy hold a great poten-
tial and can bring a revolutionary change (15-19).  This 
study was to discover the effect of adding stem cells 
therapy to piezocorticotomy approach. 

Mandibular bone marrow mesenchymal stem 
cells were used as they are skeletal tissue cells pro-
genitor as they produce bone, cartilage, supporting 
stroma, and also adipocytes(20). Mandibular bone 
marrow mesenchymal stem cells are higher in popu-
lation and in rate of proliferation when put in com-
parison to those stem cells of the long bone marrow 
mesenchymal tissue(21). MSCs percentage in popu-
lation of mononuclear cell achieved and collected 
from both iliac crest and mandible are similar (22).

As regards the rate of canine retraction in max-
illa there was no statistically significant difference 
between total rates of upper canine retraction in 
the three groups. Difference appeared in the mean 
value; in stem cells group (MV=6.23), piezo group 
(MV=6.12), and control group (MV=5.4). In stem 
cells group complete canine retraction was achieved 
maximum in four months, in piezo group it took up 
to five months, while in control group it took up to 
seven months. On the other hand, piezocorticotomy 
in previous studies showed to be clinically signifi-
cant faster but statistically no significant compared 
to conventional treatment (9-23), while in other stud-
ies showed clinical and statistical significance (10-11).

Table 2: Descriptive statistics and results of Kruskal-Wallis test for comparison between rates of lower 
canine retraction in the three groups.

Time
Stem cells Piezo Control

P-value 
Effect size

(Eta Squared)Median Range Median Range Median Range

T1 2.07 A 1.16-2.63 1.21 B 0.44-2.17 0.3 C 0.2-0.4 <0.001* 0.782

T2 2.24 A 1.27-2.76 1.39 B 0.8-2.64 0.5 C 0.2-0.7 <0.001* 0.710

T3 1.11 A 0.23-1.99 1.3 A 0.9-1.74 0.6 B 0.2-0.89 0.002* 0.446

T4 0.38 0.09-0.89 0.6 0.25-1.62 0.5 0.3-0.8 0.474 0.028

T5 - - 0.74 0.47-1 0.6 0.2-1.2 0.636 0.222

T6 - - - - 0.84 0.3-1.05 NCİ

T7 - - - - 1.02 0.19-1.5 NCİ

*: Significant at P ≤ 0.05, Different superscripts in the same row indicate statistically significant difference between 
groups

NCİ: Not computed because there is only data for control group.

Figure (2) Total rates of upper and lower canine retraction 
(mean and standard deviation).
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Although in the first month stem cells group 
showed statistically significantly highest median 
rate of upper canine retraction, followed by the 
piezo group. While the control group showed the 
statistically significantly lowest median rate of up-
per canine retraction. In the second and third month; 
there was no statistically significant difference be-
tween stem cells and Piezo groups; both showed 
statistically significantly higher median rates of up-
per canine retraction than control group. Accelera-
tion in stem and piezo groups was declined by time 
which was reported in similar studies (24).

As regards the rate of canine retraction in the low-
er arch; there was no difference in significance be-
tween stem cells (MV=5.31) and Piezo (MV=4.93) 
groups; both showed statistically significantly high-
er mean total rates of lower canine retraction than 
control (MV= 4.18) group. Stem cells group took up 
to four months to reach complete canine retraction, 
piezo group took up to five months, while control 
group took up to seven months.

In first and second month; stem cells group 
showed the statistically significantly highest median 
rate of lower canine retraction. Piezo group showed 
statistically significantly lower median rate. Control 
group showed the statistically significantly lowest 
median rate of lower canine retraction.

 In third month; also no difference was found 
by statistical analysis between stem cells and Piezo 
groups; both showed statistically significantly high-
er median rates of lower canine retraction than con-
trol group.

In similar studies it was reported that piezo-
corticotomy could accelerate orthodontic tooth  
movement. (25- 29) 

In stem cells, Piezo and control groups; the total 
canine retraction rates of the upper arch showed sta-
tistically significantly higher value than the lower 
arch. This may be due different types of bone and 
difference in their vascularity.    

CONCLUSIONS

•	 Higher canine retraction rate in upper arch stem 
cells group than piezo group only in the first 
month.

•	 Higher canine retraction rate in lower arch stem 
cells group than piezo group only for the first 
two months.
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