
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/44900718

Platelet	Derived	Growth	Factor	Secretion	and
Bone	Healing	After	Er:YAG	Laser	Bone
Irradiation

Article		in		Journal	of	Oral	Implantology	·	March	2011

DOI:	10.1563/AAID-JOI-D-09-00120.1	·	Source:	PubMed

CITATIONS

16

READS

52

4	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Degradation	of	collagen	membranes	in	uncontrol	Diabetes	View	project

Is	synovial	fluid	cytokine	profile	an	indicator	for	TMJ	disorders	?	View	project

Dana	Kesler	Shvero

Hadassah	Medical	Center

16	PUBLICATIONS			132	CITATIONS			

SEE	PROFILE

Georg	Romanos

Stony	Brook	University

322	PUBLICATIONS			5,937	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Georg	Romanos	on	01	February	2014.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/44900718_Platelet_Derived_Growth_Factor_Secretion_and_Bone_Healing_After_ErYAG_Laser_Bone_Irradiation?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/44900718_Platelet_Derived_Growth_Factor_Secretion_and_Bone_Healing_After_ErYAG_Laser_Bone_Irradiation?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Degradation-of-collagen-membranes-in-uncontrol-Diabetes?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Is-synovial-fluid-cytokine-profile-an-indicator-for-TMJ-disorders?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dana_Kesler_Shvero?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dana_Kesler_Shvero?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hadassah_Medical_Center?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dana_Kesler_Shvero?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georg_Romanos?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georg_Romanos?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Stony_Brook_Medicine?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georg_Romanos?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georg_Romanos?enrichId=rgreq-1d53bf7ec238e468786c4e6a8cf2b2b3-XXX&enrichSource=Y292ZXJQYWdlOzQ0OTAwNzE4O0FTOjEwMzg0MDgwNDI0NTUwNEAxNDAxNzY4OTg1MzIx&el=1_x_10&_esc=publicationCoverPdf


Platelet Derived Growth Factor
Secretion and Bone Healing After Er:YAG
Laser Bone Irradiation
Gavriel Kesler, DMD1

Dana Kesler Shvero, DMD2

Yariv Siman Tov, DVM3

George Romanos, DDS, DMD, PhD4*

Er:YAG laser irradiation has been reported to enhance wound healing. However, no studies

have evaluated the synthesis of growth factors after laser irradiation. The present study

investigated the effects of laser irradiation on the amount of secretion of platelet derived

growth factor (PDGF) in the wound, clarifying the effects of the Er:YAG laser on the bone

healing. Osteotomies were prepared in the tibiae of 28 rats using an Er:YAG laser (test

group). Maximum power of 8 watts, energy per pulse of 700 mJ, and frequency up to 50 Hz

were used. The laser was used with external water irrigation, a spot size of 2 mm, energy per

pulse of 500 to 1000 mJ/pulse, and energy density of 32 J/cm2. Twenty eight additional rats

served as a control group and their osteotomies were prepared with a drill 1.3 mm in

diameter at 1000 rpm, with simultaneous saline irrigation. Two rats from the tested group

and 2 from the control group were sacrificed on each day following surgery (1–14 days), and

the tissue specimens were prepared for histologic evaluation. Immunohistochemical staining

with anti-PDGF was performed after histologic examination. The difference between the

PDGF staining intensities of the 2 treatment groups was analyzed using a multivariate

logistic regression test. A significant rise in PDGF staining occurred in both groups 2–3 days

following surgery. However, while high PDGF counts remained for the 2-week experimental

period in the laser group, PDGF levels in the control group returned to baseline levels 8 days

post surgery. The 2 groups (laser and control) were found to be different throughout the

experiment, and the rat type was found to be a significant predictor (P 5 .000011). The

present study demonstrated that Er:YAG laser irradiation seems to stimulate the secretion of

PDGF in osteotomy sites in a rat model. It is possible that the high levels of PDGF are part of

the mechanism that Er:YAG irradiation enhances and improves the healing of osteotomy

sites.

Key Words: bone healing, Er:YAG laser, PDGF

INTRODUCTION

I
t has been proven that the Er:YAG

laser (2940 nm) ablates bone effec-

tively and efficiently with minimal

thermal damage because the emission

of the wavelength is mainly absorbed

by water.1,2 Absorption in water is the

primary absorption for this wavelength due
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to relatively broad water band around

3000 nm.3,4 This is due to water normally

being present among the crystals of enamel,

dentin, cementum, and bone. In carious

tissue there is an even greater quantity of

water replacing the lost minerals. The key to

understanding hard tissue ablation by this

wavelength is that it is primarily due to the

wavelength’s absorption in water and the

superheating of the water below the surface.

In this order, enamel, dentin, bone, cemen-

tum, and carious tissues have descending

mineral density and ascending water com-

position.5,6 In addition, there is a small

absorption at around 2800 nm by the

hydroxyl group of the (carbonated) hydroxy-

apatite mineral in the tissues,7–9 but this is

far outweighed by the effect on the water.

Unfortunately, many studies on the effect

of the laser on hard tissues have perpetuated

the erroneous thinking that dental mineral

strongly absorbs these wavelengths. Not

only is this incorrect, but it misleads us in

understanding the mechanism of how laser

application at this wavelength causes abla-

tion to occur, and causes misunderstanding

in the use of the device. If laser light is

effectively absorbed by direct ablation of the

mineral, the crystals themselves may be

heated above their melting point, and some

disruption of the crystal structure occurs

with subsequent resolidification in a differ-

ent form. There is also conductive heat

transfer to interstitial free water.10–12 The

development of Er:YAG and Er,Cr:YSGG

wavelengths have enabled bone ablation

to be carried out using relatively high-energy

fluence with minimal adjacent damage. The

use of erbium lasers in dentoalveolar surgery

represents a less traumatic experience for

the patient, when compared with the

intense vibration of the slow-speed surgical

bur. As with tooth tissue ablation, tissue

cutting is a thermally induced explosive

process.13,14 It is essential to maintain coaxial

water spray to prevent heat damage, which

would delay healing. Bone composition is

very similar to dentin from the perspective of

laser/tissue interactions. The mineral is sim-

ilar and the protein content is similar, as is

the water content; thus, in maxillary alveolar

bone, the speed of laser cutting is compa-

rable to that of a bur, and in the mandible it

is slightly slower, reflecting the greater

mineral density of cortical bone. It is

important that excessive power parameters

be avoided to reduce the ‘‘stall-out’’ effect of

debris and to minimize blood-spatter. Laser

power values of 350–500 mJ/10–20 pps

(average power range 3.5–7.0 watts) with

maximal water spray appear to produce

good ablation rates.

Studies on the healing of laser-ablated

bone support the contention that the reduc-

tion in effects, such as physical trauma, tissue

heating, and bacterial contaminationmay lead

to uncomplicated healing processes when

compared with conventional use of a surgical

bur.15–17 The microanalysis of the surface of

bone that has been ablated using lasers shows

little evidence of thermal damage, and any

char layer appears to be restricted to a

minimal zone 20–30 mm in depth.

Increased bleeding is noted after Er:YAG

laser treatment due to the low thermal

effect, and the decortication effect of this

laser promotes new bone formation espe-

cially during the first few days.20,21

Er:YAG laser bone ablation compared to

bur drilling creates an irregular microsurface

without a smear layer, increasing fibrin attach-

ment and greater aggregation of red blood

cells due to the mechanical trapping effect of

the laser roughened bone surface. This is

advantageous for blood clot attachment,

helping to promote new bone formation.16,22

Er:YAG laser irradiation has a low-intensi-

ty laser-like effect by activating the sur-

rounding cells, and has a biostimulatory

effect on the processes of wound healing,23

fibroblast proliferation,22 collagen synthe-

sis,26 and bone regeneration.25 Pourzaran-

Bone Healing After Laser Irradiation

196 Vol. XXXVII/Special Issue/2011



dian et al26 reported that Er:YAG laser

irradiation stimulated the proliferation of

cultured human fibroblasts through the

production of platelet derived growth factor

(PDGF). Kesler et al25 demonstrated in a pilot

rabbit study that implant site preparation

with the Er:YAG laser results in good healing

and a significantly higher percentage of

bone to implant contact as compared with

conventional osteotomies. Lubart et al27

reported that the Er:YAG laser enhances

wound healing by releasing reactive oxygen

species.

To date there are no detailed histologic

and histochemical assessments of the mech-

anisms of bone healing following Er:YAG laser

irradiation. The aim of the present study was

to test the hypothesis that the improved

healing of bone defects following Er:YAG laser

irradiation is at least partially due to local

accumulation of PDGF in the osteotomy sites.

MATERIALS AND METHODS

This study was approved by the Local

Institutional Research Ethics Committee of

Assaf Harofeh Medical Center, Israel.

Fifty-six male Sprague-Dawley rats weigh-

ing 350–400 g (4 months old) were divided

into 2 groups of 28 each. All rats were

weighed to the nearest gram. Food and water

were provided ad libitum throughout the

experiment. The rats were anesthetized using

volatile gas (enflurane) and shaved, scrubbed,

and draped to provide a surgical field. A 1.5-

cm incision was made on the medial proximal

surface of the tibia above the tibial protuber-

ance. Tissue was reflected to expose the flat

portion of the tibia below the joint.

Laser group

TheEr:YAG laser usedwas the LiteTouch,manu-

factured by Syneron (Yokneam-illit, Israel).

The machine had a direct delivery system,

the active medium built into the handpiece

base, a maximum power of 8 watts, the

energy per pulse of 700 mJ, and a frequency

utilized up to 50 Hz. In the experiment we

used a regular handpiece and external water

irrigation, a spot size of 2 mm, energy per

pulse of 500–1000 mJ/pulse, and an energy

density of 32 J/cm2 (Figure 1).

Twenty-eight rats served as the laser

group. Experiments were typically performed

FIGURE 1. The Er:YAG laser—The LiteTouch, manufactured by Syneron, Israel. (A) Laser overview: the
active medium is located in the handpiece. (B) Handpiece overview.

Kesler et al
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using 10–15 pulses to drill through the tibia.

The bone volume removed per pulse was

1.4 mm3. Assuming that the energy is above

the ablation threshold, the crater depth for

the 2-mm spot size was calculated for the

regular handpieces at 0.66 mm per pulse.

Primary closure was achieved for each

animal by approximating the muscle layers

with sutures and closing the skin with

surgical staples (Figure 2).

Control group

Twenty-eight rats served as a control group.

Conventional osteotomies were prepared

with a 1.3-mm diameter surgical implant

drill (1000 rpm) proximal to the tibial

protuberance. Copious warm saline irrigation

was used to create an oblique-transverse

osteotomy, traveling through the medullary

canal up to opposite cortical shaft.

Follow-up

Animals were followed postoperatively for

14 days. Two rats from each group (2 test

and 2 controls) were scarified daily from day

1 to day 14, and were prepared for histologic

evaluation.

Specimen preparation for
histologic evaluation

Tibiae with the surrounding tissues were

removed, cleaned of soft tissue, and fixed in

10% buffered formalin. After fixation, the

bones were placed into a decalcification

solution (DECAL-RAPID, BioGenex, San Ra-

mon, Calif) for 3 days. Slices of bone seg-

ments (one from each rat) of the treated area

were sectioned serially in a vertical plane

from mesial to distal at 3- to 5-mm width. The

tissue samples were embedded in paraffin

blocks; 5-mm sections from each block were

stained with hematoxylin and eosin. Two

sections from each rat were analyzed.

Immunohistochemistry

The antibodies used in the present study are

currently available for in vitro diagnostic use.

The immunogen used is a synthetic peptide

of PDGF-B conjugated with hemocyanin.

The clone used was PDGF 88. The kit used

is a recommended detection system Link-

Label staining system (BioGenex) for rat

species. This monoclonal antibody was de-

signed for the specific localization of PDGF-B

in formalin—fixed paraffin—embedded tissue

sections. The slides were counterstained with

Mayer’s hematoxylin. In general, the demon-

stration of antigens by immunohistochemistry

was a 2-step process involving first, the

binding of a primary antibody to the antigen

of interest, and second, the detection of

bound antibody by a chromogen.

After paraffin removal and hydration, the

sections were immersed in 10 mM citrate

buffer, placed in a pressure cooker chamber,

and microwaved for 10 minutes for optimal

antigen retrieval. Endogenous peroxidase

activity was blocked by the incubation of

slides in 3% hydrogen peroxide in methanol

for 10 minutes, and nonspecific epitopes were

eliminated by incubation with a blocking

solution (UltraVision; Lab Vision Corporation,

Fremont, Calif) for 10 minutes. The slides were

incubated with the primary antibodies raised

against human platelet derived growth factor

receptor (PDGFR)-a (1:200 dilution; Lab Vision)

for 60 minutes. After the slides were rinsed,

they were incubated with biotin as a second-

ary antibody, followed by enzyme-labelled

streptavidin for 10 minutes (UltraVision detec-

tion system, anti-polyvalent horseradish per-

oxidase/diaminobenzidine; Lab Vision).

FIGURE 2. Bone sites prepared with laser and drill.
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The PDGF positive staining was distributed

in cytoplasm. Two sections from each of the 4

rats that were sacrificed each day were blindly

examined and scored by 3 independent

experience examiners to give microscopic

evaluation of color intensity. Interpretation

of the staining results was evaluated in each

section and scored for the intensity of staining

as follows: intensity (+0) 5 no staining;

intensity (+1) 5 slight intensity staining;

intensity (+2) 5 moderate intensity staining;

and intensity (+3) 5 high intensity staining.

The results of the 3 examiners for each

sample were averaged to give 1 result for

each rat.

Statistical evaluation

The difference between the effects (the

PDGF staining intensities) of the 2 groups

(test and control) over the study period was

analyzed using a multivariate logistic regres-

sion test. The variability of the PDGF staining

intensities (0 through 3 as an ordinal

dependent variable) was examined against

the type of the rat (laser vs control) and the

day of sacrifice.

RESULTS

The stimulatory effect of laser irradiation on

PDGF secretion was evaluated and examined

as described, to determine whether the

faster healing described previously was

possibly mediated by PDGF.

During the first 2 days following surgery,

the PDGF staining scores were very low for

both type of treatments. In the laser group,

PDGF levels started to rise from the third

FIGURES 3 AND 4. FIGURE 3. Immunohistochemical staining for platelet derived growth factor (PDGF) 2 days
after surgery (3400). (a) Laser group negative (3400). (b) Control group negative staining. FIGURE 4.
Immunohistochemical staining for PDGF 4 days after surgery (3400). (a) Laser group strong positive
staining. (b) Control group positive staining.

Kesler et al
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day, reached a peak on day 4, and remained

high for the rest of the study period (day 14).

The strongest staining was seen between

days 4 and 6 (Figures 3 through 7).

In the control group (drill osteotomies),

PDGF levels started to rise 4 days following

surgery (1 day later compared to the laser

group). Between days 4 and 7, the staining

score remained high, but on day 8 (following

surgery) PDGF levels fell to baseline levels,

while they remained high in the laser group

(Figures 3 through 7).

The variability of the PDGF staining

intensities (0–3 degrees), as an ordinal

dependent variable, was examined against

the type of the rat (laser vs control group)

and the day of sacrifice (Table). The rat type

(the type of treatment) was found to be a

significant predictor (P 5 .000011).

FIGURES 5 AND 6. FIGURE 5. Immunohistochemical staining for platelet derived growth factor (PDGF) 8 days
after surgery (3400). (a) Laser group positive staining. (b) Control group negative staining. FIGURE 6.
Immunohistochemical staining for PDGF 14 days after surgery (3400). (a) Laser group positive staining.
(b) Control group (0) negative staining.

FIGURE 7. Immunohistochemical staining for plate-
let derived growth factor (PDGF) results for the
laser and control groups, 2 weeks after bone
surgery. The PDGF was significantly higher in the
laser group for at least 2 weeks (P 5 .000011).
Analysis of variance with repeated measures:
*P 5 .008. Treatment effect: P 5 .002. Time effect:
P 5 .029.

TABLE

Results of multivariate logistic regression,
treating the platelet derived growth factor
staining as an ordinal dependent variable

Degree of
Freedom Wald P

Intercept 3 39.11773 .000000
Day 1 0.94176 .331827
Rat type 1 19.28514 .000011

Bone Healing After Laser Irradiation
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DISCUSSION

The Er:YAG laser delivers a wavelength that

is highly absorbed by water and hydroxyap-

atite and is one of the most effective lasers

for bone ablation with minimal thermal

damage to the surrounding intact tissues.3,30

In the present study we demonstrated

that the healing pattern of bone after Er:YAG

laser irradiation was improved and is even

faster when compared with mechanical bur

treatment. Kesler et al25 reported that there

is not delayed healing in comparison to the

report of Nelson et al29 using a rabbit tibia.

Other studies have addressed issues related

to bone healing after Er:YAG laser irradiation.

Buchelt et al20 and Lewandrowski et al21

reported no difference in the amount of

newly formed bone after treatment by

Er:YAG laser as compared to the drill.

There are discrepancies in the findings of

previous studies, which may be partly due to

the use (or none) of water irrigation during

ablation, as well as differences in output

energy repetition rate, animal model, and

treatment in tissues with differing vascular-

ity. In the present study, the use of water

spray during Er:YAG laser treatment prevent-

ed major thermal damage. Er:YAG laser

irradiation without air/water coolant may

cause slight charring of the irradiated surface

and result in the formation of toxic products

that may delay the healing process.19 Studies

performed by Belal et al30 demonstrated that

Er:YAG laser irradiation may improve the

effectiveness of periodontal therapy.

In general, the process of bone healing

follows 3 distinct but overlapping stages. In

brief, it begins with initial injury and the early

inflammation phase, followed by a granula-

tion/proliferative phase, and is completed by

the late remodeling phase.31,32

Platelets are characteristically activated at

sites of injury, creating a physical barrier to

limit blood loss and accelerating the gener-

ation of thrombin to intensify the coagula-

tion process.33 Platelets can also release local

mediators with phlogistic potential, interact-

ing with leukocytes and endothelial cells to

modulate the inflammatory reaction.34 In

addition to hemostasis and inflammation,

platelets are involved in wound healing and

repair of mineralized tissues.35 The biologic

activities of platelets occur as an immediate

response to a fracture, while the degranula-

tion of platelets takes place during hematoma

formation. Vascular disruption also occurs in

microfractures without any clinical signs of

injury.36 Platelet-released growth factors are

chemoattractant for mesenchymal cells of

external soft tissue and bone marrow.37

Growth factors that are highly abundant in

platelets can stimulate the proliferation and

differentiation of periosteal cells and attract

granulocytes andmacrophages to the fracture

hematoma.38 Platelet-derived growth factor

is involved in almost all wound healing

processes. The immediate presence of a

potent growth factor in the blood clot at the

injured site (eg, bone fracture) would be

expected to promote the bone repair.

PDGF is a glycoprotein with a molecular

mass of approximately 30 kD.39,40 Although

it is the primary growth factor in platelets, it

is also synthesized and secreted by other

cells, such as macrophages and endothelial

cells.41 It exists mostly as a heterodimer of 3

chains, termed PDGF AA, PDGF BB, and PDGF

AB, of about equal size and molecular mass

(approximately 14 to 17 kD). Homodimers of

A-A and B-B chains are also present in

human platelets and have the same effects

on bone regeneration.39,40 All forms bind

with high affinity to 2 cell surface protein

tyrosine kinase receptors, PDGFR-a and

PDGFR-b. The biological effects of PDGF are

mediated by these 2 receptors. PDGF has

been studied for its clinical utility in wound

healing and revascularization. It is one of the

major factors activated in wound healing

and plays an important role as an endoge-

nous promoter in epithelial tumor formation.

PDGF can lead to excessive production of

Kesler et al
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extracellular matrix components including

various collagens, proteoglycans, and lami-

nin. It has been found to stimulate the pro-

liferation of the veins in smooth muscle cells,

but only in cultures treated with hyaluroni-

dase. PDGF is one of the most potent

activators of stromal cells. PDGF modulates

the synthesis of extracellular matrix compo-

nents. The change in the basic fibroblast

growth factor/PDGF ratio may alter the

composition of the extracellular matrix of

the vein wall during aging, and thus its

susceptibility to various diseases. Proliferation

and migration are important responses to

mesangial cell injury. PDGF is a prime

candidate to mediate these responses in

glomerular disease, and PDGF and PDGFR

are usually elevated in the mesangium during

glomerular injury. The immediate presence of

a potent growth factor in the blood clot at

the injured site (eg, bone fracture) would be

expected to promote faster repair and thus a

better chance of survival. As such, PDGF in

particular seems to have numerous positive

effects on wound healing. By virtue of the

presence of platelets in the blood clot, it is the

first growth factor in the wound and leads

towards revascularization, collagen synthesis,

and bone regeneration.

Platelet-derived growth factors are dis-

persed throughout the wound as platelets

degranulate. There are approximately 0.06 ng

of PDGF per 1million platelets.42 This calculates

to about 1200 molecules of PDGF per individ-

ual platelet.43 Such numbers underscore the

potency of PDGF and emphasize the profound

potential for enhanced wound healing and

bone regeneration. Its effects are mediated

when the PDGF binds to cell membrane

receptors. This binding activates an internal

cytoplasmic signal protein with a high-energy

phosphate bond (kinase activity).42

The life span of a platelet in a wound and

the direct influence of its growth factors are

fewer than 5 days. The extension of healing

and bone regeneration activity is accom-

plished by 2 mechanisms. The first is the

increase and activation of marrow stem cells

into osteoblasts, which then secrete transfor-

mation growth factor beta (TGF-b) and insulin

like growth factor (IGF) into the osteoid

matrix. The second and more dominant

mechanism seems to be the chemotaxis and

activation of macrophages, which replace the

platelets as the primary source of growth

factors after the third day.18 Themacrophages

are attracted to the bone by actions of PDGF.

As PDGF fades in influence, macrophage-

derived growth and angiogenic factors take

over (days 5 to 7).43 Macrophage-derived

growth factors and angiogenic factors may

actually be identical to PDGF, only synthe-

sized by macrophages. The marrow stem cells

will secrete TGF-b and IGF to continue self-

stimulation of bone formation as an autocrine

response.43

Despite these results, it remains unclear

whether PDGF is the only factor that

mediates the interaction of platelets with

blood cells. The biologic profile of PDGF,

including its ability to recruit osteoprogeni-

tor cells, makes it particularly well-suited to

address the skeletal defects that are seen

with comorbid conditions, such as osteopo-

rosis, diabetes, and the effects of smoking.

The clinical success and safety that have

been demonstrated with use of recombinant

human PDGF (rhPDGF) in the repair of

periodontal defects have led to US Food

and Drug Administration (FDA) approval of

rhPDGF for this indication.39

The use of the Er:YAG laser with param-

eters ,60 mJ/pulse and 10 Hz32 together

with rhPDGF has been proven to be a potent

stimulator and strong mitogen for human

periodontal ligament cells.

In our study, the effect of PDGF in laser-

assisted osteotomies was up to 2 weeks in

comparison to 4–7 days in conventional bone

surgery. Studies showed that laser-initiated

PDGF formation may result in higher bone

density in Er:YAG laser osteotomies than in
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conventional bone preparation. The rough-

ened bone surface created by Er:YAG laser

irradiation, which provides a mechanical trap

for cell attachment, is a fundamental require-

ment for bone healing and may help to

produce the results noted in the present

study. This finding implies that healing occurs

more rapidly in the Er:YAG laser-irradiated

bone tissue. The accelerated bone healing

after Er:YAG irradiation could be explained by

the attachment of more extracellular matrix

components to the laser irradiated surface,

early domination of inflammatory cells, and

greater proliferation of capillaries.

Hollinger et al30 demonstrated that there

is a direct effect of rhPDGF on tooth

supporting osseous defects. The high

amount of PDGF secretion is one indication

that there may be more mechanisms in-

volved in this process. If this theory is

correct, additional studies will be necessary

to determine the ideal laser parameters. It is

very important to clarify the promising role

of the Er:YAG laser on bone healing via

secretion of PDGF, which may promote bone

regeneration. Further investigations may be

required to validate this hypothesis.

CONCLUSIONS

Based on the present results, Er:YAG laser

bone surgery may initiate several mechanisms

that may explain these results: bone regener-

ation due to low level laser therapy–like

effects and bone formation. Bone surgery

with Er:YAG laser, when compared with the

mechanical drill, may enhance the bone

regeneration by increasing the amount of

growth factors present in the rabbit stem cells.

The Er:YAG laser may magnify the natural

bone regeneration pathway that is known to

continue to a mature graft.
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