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Objective: The aim of this study was to investigate and compare the in vivo effects 
of prostaglandin E2 (PGE2) administered by different methods on orthodontic 
tooth movement and bone metabolism macroscopically, histopatologically, 
and biochemically. Methods: Forty-five young adult New Zealand rabbits were 
randomly divided into 3 experimental groups (n = 10/group), 1 positive control 
group (n = 10), and 1 negative control group (n = 5). The experimental rabbits 
were fitted with springs exerting 20-g reciprocal force on the maxillary incisors 
and PGE2 (10 µg/mL) was administered by the intravenous, submucosal, or 
intra ligamentous route after appliance insertion and on days 1, 3, 7, and 14 there-
after. All rabbits were sacrificed on day 21 and their premaxillae were resected for 
histologic evaluation. Results: Tooth movement was observed in the experimental 
and positive control groups, but the intraligamentous PGE2 group had the highest 
values of all analyzed parameters, including serum calcium and phosphorus 
levels and osteoclastic and osteoblastic populations (p < 0.001). Conclusions: 
Sub mucosal and intraligamentous PGE2 administration significantly increases 
orthodontic tooth movement and bone metabolism, but the intraligamentous 
route seems to be more effective. 
[Korean J Orthod 2012;42(3):118-128]
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INTRODUCTION

  Remodeling of the surrounding alveolar bone and 
cellular changes in the periodontal ligament (PDL) un-
derlie orthodontic tooth movement.1 Experimental 
studies on the histologic changes during tooth movement 
have been performed since Sanstedt’s dog experiments 
in 1902.2 Simultaneous changes in both the chemical 
structure3 and the enzyme levels4 of periodontal tissues 
have also been reported, such as increased levels of pro-
staglandins (PGs),5,6 neuropeptides,7 cytokines and 
neurotransmitters,8 and leukotrienes.9 Increasing me-
chanical force to reduce the treatment time, a major 
pro blem in orthodontic practice, leads to several se-
que lae such as root resorption, PDL injury, and bone 
hyalinization. Although some authors have reported 
that orthodontic tooth movement is difficult to achieve 
by avoiding injury to the roots or alveolar bone,10 ex-
perimental studies have shown that rapid tooth move-
ment is possible without such injury.6,7-9 These studies 
used PGs,6 cytokines,8 neuropeptides,7 leukotrienes,9 

or nitrous oxide,11 which are considered physiologic 
mediators between the applied mechanical force and 
the cellular responses, to reduce tissue resistance during 
orthodontic tooth movement.
  PGs are synthesized in almost all bodily tissues in 
response to physical, chemical, mechanical, immunologic, 
or neurohormonal stimuli. Two types of PGs that do not 
reach the systemic circulation but act only in the area of 
synthesis are PGEs and PGFs. PGE2 is the most active 
PG type in bone resorption.12 Several studies have shown 
that PGE2 has no systemic effects,5 and local application 
does not cause PDL injury.5,13,14 PGs, especially PGE2, are 
potent multifunctional regulators of bone metabolism.5 
The anabolic activation of bone by PGE2 requires a 
mechanical stimulus. In vitro studies have demonstrated 
a stimulatory effect of PGE2 on bone resorption, and 
clinical investigation has shown focal concentrations of 
PGs in areas of bone resorption related to inflammation 
and other types of lesions.15 PGEs induce morphologic 

changes in osteoclasts and osteoblasts via increased in-
tra cellular levels of cAMP and calcium.16 Kanzaki et 
al.17 studied PGE2 synthesis in PDL cells undergoing 
mechanical stress and found a substantial increase in the 
control group. They also established that exogenous PGE2 
increases the mRNA synthesis and protein secretion of 
the receptor activator of nuclear factor kappa-B ligand 
(RANKL). Therefore, these authors reported that the 
changes in PDL cells subjected to mechanical stress are 
PGE2 dependent. 
  The aim of the present study was to investigate and 
com pare the in vivo effects of PGE2 administered by 
dif ferent routes on orthodontic tooth movement and 
bone metabolism macroscopically, histologically, and 
biochemically. 

MATERIALS AND METHODS

Experimental groups and PGE2 administration
  Forty-five adult male New Zealand rabbits (average body 
weight = 2.8 kg) were procured from the institutional 
Experimental Animal Research Center and randomly 
assigned to 3 experimental groups and 2 control groups  
(Table 1). No device or PGE2 was used in the negative 
control group (n = 5). In the positive control group (n 
=10), each animal was fitted with a spring exerting 20-g 
reciprocal force on the maxillary incisors, and PGE2 
was not administered. The experimental animals (n 
= 10/group) were fitted with the same appliance and 
injected with 0.06-mL PGE2 (10 µg/mL) in the bilateral 
auricular veins (intravenous PGE2 group), submucosa 
immediately distal to the maxillary incisors (submucosal 
PGE2 group), or PDL surrounding the maxillary incisors 
(intraligamentous PGE2 group). PGE2 was administered 
after appliance insertion (day 0) and on days 1, 3, 7, and 
14 thereafter (total dose = 1.2 µg) by using an insulin 
syringe or intraligamentous injector (Sopira Citoject; 
Heraeus Kulzer, Hanau, Germany).  
  The 0.06-mL injection volume was chosen because it 
corresponded to the minimal injection volume of the 

Table 1. The study groups 

Groups N Force Injection Method Time

Control groups      Group I 5 -- -- - 21 days

Group II 10 20 g Appliance -- 21 days

Experimental
  groups

Group III 10 20 g Appliance + PGE2 (10 μg/mL) 0.12 mL
0, 1, 3, 7, 14 days

IV (intravenous) 21 days

Group IV 10 20 g Appliance + PGE2 (10 μg/mL) 0.12 mL
0, 1, 3, 7, 14 days

Local (submucosal) 21 days

Group V 10 20 g Appliance + PGE2 (10 μg/mL) 0.12 mL
0, 1, 3, 7, 14 days

IL (intraligamenter) 21 days

PGE2, Prostaglandin E2. 
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intraligamentous injector. PGE2 powder (p5640) was 
obtained from Sigma-Aldrich (St. Louis, MO, USA) 
and prepared as a 1 mg/mL stock solution by dissolving 
in ethanol. This solution was then diluted with a 2% 
lidocaine solution (2 mL lidocaine and 98 mL distilled 
water) containing 1:100,000 epinephrine to yield the 
10 µg/mL PGE2 solution. This working solution was 
prepared immediately before each injection at the School 
of Pharmacy .

Appliance fabrication and insertion
  To apply the 20-g reciprocal force on the maxillary 
incisors, a round stainless steel wire (diameter = 0.2794 
mm or 0.011 inches) was shaped into a spring with 13- 
mm-long arms extending bilaterally at 70° (Figure 1A). 
For appliance insertion, the experimental animals were 
anesthetized with 35 mg/kg ketamine (Ketalar®, Pfizer, 
New York, USA) and 2 mg/kg xylazine (Rompun®, Bayer, 
Leverkusen, Germany). The midpoint of the mesiodistal 
aspect of each incisor crown was marked, and a hole was 
bored into the crown in the vestibulopalatine direction at 
1.5 - 2 mm from the palatine mucosa. To ensure correct 
alignment of the appliance without mu cosal injury, each 
hole was bored parallel to the palatine mucosa. The free 
ends of the appliance were then bent distally and their 
tips were trimmed with cutting tongs (Figure 1B and 1C). 

Macroscopic and biochemical evaluations 
  To evaluate the extent of tooth movement, the distance 
between the mesial surfaces of the maxillary incisors was 
measured with 0.01-mm precision electronic calipers on 
the day the rabbits were sacrificed.
  Further, a 2-mL blood sample was drawn from the auri-
cular vein of every animal immediately before sacrifice 
and centrifuged to collect serum for measuring the cal-
cium and phosphorus levels.

Histologic evaluation
  The animals were sacrificed under anesthesia on day 

21. Their premaxillae were removed and fixed in 10% 
formalin for 2 weeks; the appliances were maintained on 
the teeth during this procedure. After fixation, the tissues 
were decalcified in 5% nitric acid for 14 days. Then, 
4-mm-thick slices were sectioned from each premaxilla, 
starting under the collum of the teeth, and embedded 
in paraffin. The paraffin blocks were stained with hema-
toxylin and eosin, and 40-µm sections were cut and 
examined by light microscopy. 
  The optical dissector method was used to determine the 
osteoblastic and osteoclastic populations in the sections. 
This method involves counting of units while advancing 
through virtual optical sections. Hundred 40-µm-thick 
sections were examined by starting with a random 
single-digit number and analyzing every 10th section 
thereafter; for example, beginning with section 7, sections 
7, 17, and so on were examined until 10 sections were 
analyzed. The osteoblastic and osteoclastic counts in the 
tension and pressure sides, respectively, of these sections 
were calculated and multiplied by 10 to estimate the 
populations in each 4-mm-thick slice. 

Statistical evaluation
  The SPSS 11.5 software program (IBM-SPSS Inc., 
Chicago, IL, USA) was used for statistical analyses. The 
Kolmogorov-Smirnov test was used to evaluate the data 
for normality. Because the assumption of normality was 
rejected (p < 0.005), the Kruskal-Wallis test was used to 
assess the differences among the groups. As significant 
differences were found, the Mann-Whitney U-test was 
used to determine the pairs of groups responsible for the 
significant differences. The data are presented as mean ± 
standard deviation. 

RESULTS

Macroscopic findings
  Tooth movement was observed in all experimental 
groups (Table 2). 

Figure 1. The experimental appliance. Appearance of the spring (A), its insertion (B), and the subsequent tooth 
movement (C).
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All pairs of groups except the positive control and 
intravenous PGE2 groups showed significant differences 
in this parameter (Table 3).

Biochemical findings
  No significant differences in the initial serum calcium 
and phosphorus levels were observed among the groups 
(p > 0.05). However, the Mann-Whitney U-test revealed 
significant differences in the day-21 serum calcium levels 
between the negative control and the other groups. In 
particular, the differences between the negative con-
trol and the positive control, intravenous PGE2, and 
intraligamentous PGE2 groups were highly significant (p 
< 0.001), while the difference between the negative control 
and the submucosal PGE2 groups was less pronounced (p 
< 0.05). 

Histologic findings 

Negative control group
  The PDL width was within normal limits. Small foci 
of resorption and deposition on the alveolar bone and 
cement surfaces were observed. A few multinuclear 
osteoclasts and mononuclear osteoblasts were seen along 
the alveolar bone surface (Figure 2).

Positive control group
  Pressure side. Narrowing of the PDL in the direction 
of tooth movement was observed. Neovascularization 
was noted in the PDL area adjacent to the alveolar bone. 
The new capillaries had irregularly formed endothelia 
and narrow lumens. The alveolar bone surface exhibited 
widespread resorption foci along which multinuclear 
osteoclasts were aligned. Both the focal resorption and 
the osteoclastic population were greater than those in 
the negative control group but less than those in the 
experimental groups. Resorption foci were also occa-
sionally present in the cement surface adjacent to the PDL 
(Figure 3A and 3B).
  Tension side. Widening of the PDL was observed on the 
side opposed to the tooth movement. Capillaries with 
wide lumens and regular endothelia were seen in the PDL 
surface adjacent to the alveolar bone. The alveolar bone 
surface showed notably increased numbers of deposition 
foci and osteoblasts. The cement surface had increased 
resorption foci compared with that in the negative control 
group (Figure 3C and 3D).

Intravenous PGE2 group  
  Pressure side. The findings on this side were similar to 
those in the positive control group. However, a slightly 
higher number of osteoclasts and slightly intensive re-
sorp tion foci were observed (Figure 4A and 4B).
  Tension side. The histologic changes on this side were 

Ta
bl

e 
2.

 P
ar

am
et

ric
 d

at
a 

fr
om

 t
he

 s
tu

dy
 g

ro
up

s

 

G
ro

u
p 

I
n

=
5

C
on

tr
ol

G
ro

u
p 

II
n

=
10

A
pp

li
an

ce

G
ro

u
p 

II
I

n
=

10
A

pp
li

an
ce

 +
 IV

 P
G

E
2

G
ro

u
p 

IV
n

=
10

A
pp

li
an

ce
 +

 L
oc

al
 P

G
E

2

G
ro

u
p 

V
n

=
10

A
pp

li
an

ce
 +

 IL
 P

G
E

2

M
ea

n
SD

M
in

M
ax

M
ea

n
SD

M
in

M
ax

M
ea

n
SD

M
in

M
ax

M
ea

n
SD

M
in

M
ax

M
ea

n
SD

M
in

M
ax

M
ov

em
en

t
  (

m
m

)
0.

00
0.

00
0.

00
0.

00
2.

87
0.

18
2.

52
3.

11
3.

08
0.

22
2.

74
3.

40
4.

54
0.

31
3.

98
4.

84
5.

40
0.

45
4.

55
5.

92

C
a

  (
m

g/
d

L)
12

.2
8

1.
75

10
.0

5
14

.5
8

15
.5

5
1.

18
13

.5
0

17
.4

0
16

.0
9

1.
12

14
.7

4
17

.8
2

15
.2

9
1.

77
13

.2
0

17
.5

3
16

.4
5

1.
15

14
.5

6
17

.8
1

P
 (

m
g/

d
L)

4.
60

0.
11

4.
49

4.
76

5.
46

0.
36

4.
90

6.
10

5.
67

0.
80

4.
08

6.
47

5.
95

0.
71

4.
78

6.
99

5.
65

0.
49

4.
96

6.
64

O
st

eo
b

la
st

77
6.

00
43

.3
6

73
0.

00
82

0.
00

5,
54

4.
00

25
1.

01
5,

22
0.

00
6,

00
0.

00
6,

42
0.

00
36

0.
12

5,
62

0.
00

6,
78

0.
00

13
,3

60
.0

0
25

7.
68

12
,9

80
.0

0
13

,7
40

.0
0

17
,0

22
.0

0
30

7.
60

16
,2

80
.0

0
17

,2
80

.0
0

O
st

eo
cl

as
t

1,
02

8.
00

42
.0

7
98

0.
00

1,
09

0.
00

8,
98

8.
00

57
0.

71
8,

24
0.

00
9,

90
0.

00
10

,2
76

.0
0

31
2.

38
9,

84
0.

00
10

,8
80

.0
0

19
,4

84
.0

0
53

6.
64

18
,5

40
.0

0
20

,3
40

.0
0

24
,9

16
.0

0
1,

03
7.

38
22

,9
00

.0
0

26
,3

20
.0

0

P
G

E
2,

 P
ro

st
ag

la
n

d
in

 E
2;

 S
D

, s
ta

n
d

ar
d

 d
ev

ia
ti

on
; M

in
, m

in
im

u
m

; M
ax

, m
ax

im
u

m
.



Cağlaroğlu and Erdem • The effects of prostaglandin E2

www.e-kjo.org122 http://dx.doi.org/10.4041/kjod.2012.42.3.118

also similar to those in the positive control group, al-
though the numbers of osteoblasts and deposition foci 
were slightly increased (Figure 4C and 4D).

Submucosal PGE2 group
  Pressure side. Marked histologic changes in the PDL 
and alveolar bone were noted on this side. Intense fi-
bro blastic proliferation and a considerable increase in 
neovascularization in the PDL area adjacent to the al-
veolar bone were observed. Resorption foci in the alveolar 
bone were substantially increased and were surrounded by 
numerous osteoclasts. These changes were more marked 
than those in the control and intravenous PGE2 groups 
but were less intense than those in the intraligamentous 
group. However, resorption foci on the cement surface 
were not extensive (Figure 5A and 5B).
  Tension side. As with the pressure side, the tension 

side also showed a notable increase in the number of 
capillaries. Increased fibroblastic proliferation and bone 
deposition zones were obvious. The presence of young 
osteocytes in the new bone and a considerable increase in 
the number of osteoblasts along the alveolar bone surface 
were noted (Figure 5C and 5D).

Intraligamentous PGE2 group  
  Pressure side. The changes on this side were similar to 
but more intense than those in the submucosal PGE2 
group. Considerable fibroblastic proliferation and very 
intense neovascularization were observed in the PDL 
area adjacent to the alveolar bone. Further, the extent of 
resorption and number of surrounding osteoclasts were 
substantially increased. Resorption foci on the cement 
surface were not extensive and were similar to those 
observed in the submucosal group (Figure 6A and 6B).

Table 3. Statistical data from the study groups

 
Degree of movement Ca P Osteoblast Osteoclast 

m p-value m p-value m p-value m p-value m p-value

Group I-II 0.00 0.001† 1.50 0.001† 0.00 0.001† 0.00 0.001† 0.00 0.001†

Group I-III 0.00 0.001 0.00 0.001† 5.00 0.013* 0.00 0.001† 0.00 0.001†

Group I-IV 0.00 0.001† 5.00 0.013* 0.00 0.001† 0.00 0.001† 0.00 0.001†

Group I-V 0.00 0.001† 1.00 0.001† 0.00 0.001† 0.00 0.001† 0.00 0.001†

Group II-III    25.5 0.063 37.00 0.353 37.00 0.353 4.00 0.000† 1.50 0.000†

Group II-IV 0.00 0.000† 42.00 0.579 25.00 0.063 0.00 0.000† 0.00 0.000†

Group II-V 0.00 0.000† 29.00 0.123 39.00 0.436 0.00 0.000† 0.00 0.000†

Group III-IV 0.00 0.000† 36.00 0.315 45.00 0.739 0.00 0.000† 0.00 0.000†

Group III-V 0.00 0.000† 44.00 0.684 45.00 0.739 0.00 0.000† 0.00 0.000†

Group IV-V 7.00 0.000† 30.00 0.143 37.50 0.353 0.00 0.000† 0.00 0.000†

*p < 0.05, †p ≤ 0.001.

Figure 2. Hematoxylin and eosinstained sample from the negative control group. Magnification: left, ×2.5; right, ×63. D, 
Dentin; PDL, periodontal ligament; AB, alveolar bone; O, osteocyte.
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  Tension side. The changes on this side were also similar 
to but more marked than those in the submucosal 
PGE2 group. A clear increase in neovascularization and 
fibroblastic proliferation was seen in the PDL area ad-
joining the alveolar bone. Further, a marked increase in 
the number of osteoblasts was observed in the alveolar 
bone. The presence of young osteocytes in the new bone 
and large number of osteoblasts on its surface along the 
PDL were noted (Figure 6C and 6D).

Histometric findings
  Significant differences in the osteoblastic and osteoclastic 
populations were found in all comparisons (p ≤ 0.001). 
The intraligamentous PGE2 and negative control groups 
had the highest and lowest cell populations, respectively 
(Table 2).
 

DISCUSSION

  Orthodontic tooth movement via the application of force 
proceeds by bone resorption and deposition. Vari ous 
biochemical agents, including 1,25-dihydroxycholecalcife

rol,18 nitrous oxide,11 thyroid hormones,19 cortisone,20 and 
PGs6,13,14,21-23 have been used to ac celerate bone resorption 
and apposition. The idea of using PGs, especially 
PGE2, to accelerate tooth movement followed from the 
observation that the application of mechanical force 
stimulates the production of PGE2 in the PDL. Numerous 
studies have been conducted on the effect of exogenous 
PGE2 administered topically (sub mucosally)13,14,21-23 or 
systemically (I.V.)24 on or thodontic tooth movement and 
bone metabolism. The results suggest that exogenous PGE 
accelerated or thodontic tooth movement by up to a factor 
of 2.5,6,21 However, a literature search failed to discover any 
report of intraligamentous administration of PGE2. The 
only study in which a biochemical agent was administered 
intraligamentally with the objective of accelerating or tho-
dontic tooth movement was performed by Collins and 
Sinclair18 using Vitamin D. 
  In this study, the in vivo effects of different routes of 
PGE2 administration on orthodontic tooth movement 
and bone metabolism were investigated and compared 
by macroscopic, histologic, and biochemical evaluations. 
Intraligamentous and sub mucosal PGE2 administration 

Figure 3. Hematoxylin and eosinstained sample from the positive control group. The pressure (A, B) and tension (C, D) 
sides are shown. Magnification: A and C, ×2.5; B and D, ×63. D, Dentin; PDL, periodontal ligament; AB, alveolar bone; 
OB, osteoblast; OC, osteoclast; RF, resorption foci.
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substantially increased the osteoblastic and osteoclastic 
populat ions in the a lve  olar  bone,  considerably 
increasing orthodontic tooth move ment; however, the 
intraligamentous route was more effective.
  Rabbits were chosen as the experimental animals be-
cause of their tolerance of a 21-day experiment, ease 
of working in their mouths, sufficient PDL width for 
intraligamentous injection, and ease of intravenous injec-
tion via the auricular vein.
  Many different doses of exogenous PGE2 have been 
used to study its effect on orthodontic tooth movement. 
Brudvik and Rygh23 used 0.1 mL of a 0.1 µg/mL PGE2 
solution on days 0, 3, 5, and 7. Seifi et al.14 administered 
the same volume of a 1 mg/mL solution on days 0 and 7. 
Further, Boekenoogen et al.22 used doses of 0.1, 1.0, 5.0, 
and 10 µg. These doses were also administered by Leiker 
et al.,13 who reported that the 1 µg dose was the most 
effective for promoting orthodontic tooth movement and 
the higher doses increased the risk of root resorption. 
Moreover, they reported no difference in the effects 
between single and multiple injections. In the present 
study, 5 0.12-mL applications of the 10 µg/mL PGE2 solu-

tion were planned to isolate other environmental factors 
and better determine the effects of PGE2. Because the 
factor under investigation was the route of administration 
rather that the dose of PGE2, the same dose was admi-
nistered in all experimental groups. 
  Local13 or intraligamentous25 administration of lido-
caine has no negative effect on the periodontal tissues. 
Lidocaine might reduce the pain caused by the injection 
of PGE2, itself a pain mediator. The consensus in den-
tistry is that intraligamentous application of an active 
substance through a pressurized syringe is reliable and 
safe.25,26 The American Dental Association Council on 
Dental Materials, Instruments, and Equipment charac-
terized intraligamentous injection as being “an effective 
method, sufficient for pulpal anesthesia in dental opera-
tions.”25 Clinical studies have shown efficiencies of 
intra ligamentous injection ranging from 81% to 98%.25 

Although studies of its effects on the surrounding tissues 
have indicated that local tissue injury may occur,26 histo-
logic examination has yielded little evidence of tissue 
injury and indicated reversible damage when injury 
occurs.27 Roahen and Marshall25 studied the effects of 

Figure 4. Hematoxylin and eosinstained sample from the intravenous PGE2 group. The pressure (A, B) and tension (C, D) 
sides are shown. Magnification: A and C, ×2.5; B and D, ×63. D, Dentin; PDL, periodontal ligament; AB, alveolar bone; OB, 
osteoblast; OC, osteoclast; RF, resorption foci; MPS, median palatine suture .
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intraligamentous injection of 2% lidocaine containing 
1:100,000 epinephrine on the pulp and periodontal 
tissues of the dog. They reported pulpal inflammation 
and external resorption foci on the root surface, both of 
which were reversible and most of which were no longer 
visible after 30 days. Further, Tagger et al.26 examined 
tooth movement following intraligamentous injection 
of a solution either with (1:100,000 epinephrine in 2% 
lidocaine and China ink) or without (3% mepivacaine and 
China ink) a vasoconstrictor in 12 dogs. They reported 
good penetration of China ink into the PDL and roots, 
with no apparent anatomic barriers, in both groups. They 
also observed that the ink diffused subperiosteally at the 
level of the alveolar bone crest, from where it proceeded 
along the vascular canals to reach the bone marrow. 
  The stereologic optical dissector method was used to 
determine the osteoblastic and osteoclastic popula-
tions. Stereology is the science of 3-dimensional inter-
pre tation of the properties of volume samples (e.g., bio-
logic structures or metallurgical samples) based on data 
obtained from a 2-dimensional examination.28 Est-
ablishing the populations of units (e.g., osteoblasts and 

osteoclasts) within a biologic structure is indispensable 
to the examination of orthodontic tooth movement. 
Studies of such movement have used sections of 4 - 6 µm 
thickness.11,13,18 However, sections of this range can lead to 
incorrect counting of osteoblasts and osteoclasts, which 
have diameters of 10 to 40 µm. This is why sections of 40-
µm thickness were used in the present study. A stereologic 
method was chosen to characterize the histologic findings 
of orthodontic tooth movement because of the conviction 
that this method would produce results with greater 
accuracy. This study is the first in the literature to use the 
optical dissector method for histologic examination of 
orthodontic tooth movement.
  The extent of tooth movement is in agreement with 
previous findings.13,14 The Collins and Sinclair18 study with 
1,25-dihydroxycholecalciferol seems to be the only study 
in which intraligamentous administration was used with 
the objective of increasing tooth movement. The authors 
reported that the application increased tooth movement 
without clinical side effects. Considering their and the 
present results, local administration of PGE2 increases 
tooth movement and intraligamentous administration is 

Figure 5. Hematoxylin and eosinstained sample from the submucosal PGE2 group. The pressure (A, B) and tension (C, 
D) sides are shown. Magnification: A and C, ×2.5; B and D, ×63. D, Dentin; PDL, periodontal ligament; AB, alveolar bone; 
OB, osteoblast; OC, osteoclast; RF, resorption foci; C, capillary.
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more effective than submucosal admini stration. 
  The histologic examination concerned the phenomena 
of resorption on the pressure side and deposition on the 
tension side, leading to tooth movement. The inci sors 
of rodents such as rats and rabbits are subject to con-
tinuous enamel abrasion and eruption. Consequently, 
a physiologic remodeling process continually occurs in 
their alveolar sockets.1 In the present study, the low-level 
histologic changes observed in the negative control group 
were probably because of continuous enamel ab rasion 
and eruption of the incisors. 
  PGE2 lacks systemic efficacy. One reason for this is the 
fact that the substance is produced within the same tissue 
and cannot be transported by the circulation be cause of 
its very short half-life.6 The intravenous ad mi  nistration 
of PGE2 had no significant effect on tooth movement 
macroscopically, although the results seemed to be better 
than those from the positive control group. One reason 
for this finding could be the direct release of PGE2, which 
is locally secreted and does not reach the arterial flow, into 
the circulation; however, despite this dilution, intravenous 
PGE2 administration achieved slight histologic effects. 

These results are com patible with those reported by 
Lee.24 The histologic changes were definitely marked in 
the submucosal and intra ligamentous PGE2 groups than 
in the other groups, supporting the reports of increased 
histologic activity following local administration of 
PGE2.6,13,14,22 PDL cells and cells in the neighboring 
alveolar bone produce a considerable amount of PGE2 
when subjected to mechanical stress.17 Intraligamentous 
application possibly supports a higher PGE2 concentration 
within the PDL than does submucosal administration, 
intensifying the histologic activity related to tooth move-
ment. Limited resorption foci were found on the ce-
ment surface in all experimental groups and were not 
significantly different among these groups. These results 
are compatible with previous reports1,13,14,22,23 that exo -
genous PGE2 application during tooth movement 
could increase root resorption. In all of these reports, 
the authors indicated that the finding of increased root 
resorption in subjects treated with PGE2 application 
during orthodontic tooth movement, although not stati-
stically significant, represents a risk; they also emphasized 
its reversibility. The consensus of studies of the histology 

Figure 6. Hematoxylin and eosinstained sample from the intraligamentous PGE2 group. The pressure (A, B) and tension 
(C, D) sides are shown. Magnification: A and C, ×2.5; B and D, ×63. D, Dentin; PDL, periodontal ligament; AB, alveolar 
bone; OB, osteoblast; OC, osteoclast; RF, resorption foci; MPS, median palatine suture; C, capillary.
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of orthodontic tooth movement is that resorption foci, 
albeit limited, can be seen on the cement surface during 
every movement.1,6

  PGs regulate bone metabolism locally and play an active 
role in mechanical stimulation-induced bone formation.5 

Mechanical impacts are required for the anabolic activa-
tion of bone by PGE2. In vivo, PGE2 increases the po-
pulations of progenitor and mature osteoblasts.15 How-
ever, it accelerates bone resorption by increasing the 
oste oclastic population21 when a mechanical force is 
applied to bone. Therefore, the combined application of 
orthodontic force and exogenous PGE2 has a synergistic 
effect on alveolar bone, increasing not only bone resorp-
tion but also bone deposition.
  The increase in the osteoblastic and osteoclastic po pu-
lations in all experimental groups relative to the con trol 
groups was statistically significant, a finding compatible 
with earlier reports.2 In particular, these cell popu la-
tions were substantially higher in the submucosal and 
intraligamentous PGE2 groups than in the intra venous 
PGE2 and control groups, a result that also agrees with 
previous findings.13,14,22 The more substantial in crease 
in the cell populations in the intraligamentous PGE2 
group may be attributable to both the increased PGE2 
concentration in the PDL21,29 and the diffusion of the 
intraligamentally applied solution within the PDL,26 from 
where it passes subperiosteally at the level of the alveolar 
crest and proceeds along the vascular canals to reach and 
act directly on the bone marrow.
  The number of blood vessels in the PDL increases with 
tooth movement.29 The greatest increase observed in the 
present study occurred in the intraligamentous PGE2 
group, followed by the submucosal PGE2 group. This 
increase is caused by the inflammatory effects of PGEs 
on blood vessels.29 The most likely reason for the intense 
neovascularization in the intraligamentous PGE2 group is 
the more intense inflammation mediated by the increased 
concentration of PGE2 in the PDL.
  Reitan30 reported that during orthodontic tooth move-

ment, PGE2 increases the serum calcium concentration, 
which in turn plays an important role in the cellular 
response. Further, Yang et al.16 indicated that PGE2  affects 
bone resorption through increased cAMP and calcium 
levels, similar to the present findings. No differences in 
the serum calcium and phosphorous levels were found 
among the experimental groups, probably because a very 
low dose of PGE2 was applied and/or determination of 
the serum levels of these elements is a sensitive procedure. 
However, the extent of orthodontic tooth movement 
may not affect the serum calcium and phosphorus levels. 
Ersöz31 did not find significant differences in the serum 
calcium and phosphorus levels of rabbits subjected to 
forces of 20 and 60 g despite significant differences in the 
extent of tooth movement. The author proposed that the 

absence of a significant difference could be attributable to 
the fact that the area to which the force had been applied 
was a very small section of bone.

CONCLUSION

  The intraligamentous route seems to be the most 
effective means of PGE2 administration to accelerate 
orthodontic tooth movement. However, detailed 
investigation of the effect of intraligamentous PGE2 
administration on root resorption is required before 
widespread clinical application of this method .
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