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ABSTRACT

We would like to sincerely express our gratitudéh® Faculty of Veterinary Medicine Research Coluoicislamic
Azad University, Tabriz branch for approval andafircial support for this extensive evaluation of poessive
pressure and histomorphologic changes tri-calciumgphate and bioglass of magnesium paste irradiafiéd low
level laser in repair of experimentally createdritical size defect, middle of bilateral mandibulbones in rabbit.
Problems statement: The purpose of this study waetiermine the effect of calcium phosphate mixgdhioglass
and magnesium and being irradiated with low lewadelr in rabbit mandiblesApproach: 48 adult New Zealand
white rabbits were used. The mandible bone wasdsafly exposed and with help of dental trephinard in width
and 10 mm in depth was made on each side in ablitabThese rabbits were divided randomly into dugs of 12
rabbits in each. In group (I) The defect was lefipty as control, group( Il ) exposed to low letasker irradiation
.whereas In groups (lll) the defects were packgd tri-calcium phosphate(40%) and bioglass of megjom paste
(60%), and group IV the defects were filled veitime paste and next day was subjected to thetiapgegimen
of low level laser with wavelength of 780 nm, witwer density of 10 mW intensity and energy den$i6/J/cry
duration of applicatiorlO minutes for 15 days. The animals were subdividedtwo subgroups of 6 rabbits each
for 30 and 60 days. At the end of observation peb@sected mandibles into two left and right samsdlem 6
rabbits. A series of samples were used for mechbmimperties and other ones used for histomorpbicial
evaluation in all four groups. For mechanical propes using Zwick/Roell MDTL Machine with spee®®&fL mm/s
having Proportional Integral Deferential (PID) cawntler. In assessing the variation obtained dataswemnalyzed
using paired-t-test. Results: Data of the compresgiressure was revealed an average for normal 23804 N
whereas it was 71.2+12.7N for group | in 1 monthadion and that was recorded 108.4+18.2 N for godu and
122.0£10.8 N for group Ill and 142.0+18.8 for grp IV at the end of 1 month. These values weréHl1®.2 N for
group | and 168.446.8 N for group Il and 182.6+1Hl2or group Il and 220.0 18.6 for group IV at tlead oftwo
months after implantatiori.ow level laser therapy beside calcium phosphastegsignificantly accelerated healing
and increased mechanical properties in mandibledef
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INTRODUCTION

The materials usually used as bone filler shouldebsy to use with specific properties that provétieictural
support in addition to be an osteogenic, bioconbpatind even bioresorbable [1,2,3,4]. Low levettaberapy has
been investigated and used in clinical practiceafggroximately 20 years. The initial studies weoaealin Europe
by Mester [2,3] at the beginning of the 1970. Theas been growing interest in the effects of lagesrgy, as
shown be the significant quantity of scientific paations with controlled experiments on both arsnand
humans[5,6,7]. The present study had the objectiv@nalyzing whether there are any differencesnalfenergy
transmitted to the tissue having the defect beeked with pasteBioactive biomaterials such as bioglass[8], and
glassceramicA-W have been known to form a bioactive bone Bpatite layer spontaneously on their surfaces and
bond to bone through the apatite layer \iivo[9,10]. Therefore, it is generally accepted thatemsential
prerequisite for an artificial bone biomaterialdivectly bond to living bone tissue is the formatiof a bone like
apatite layer on its surface when implanted in vivaser alone and along with other bone substitutas
been attractive in hard tissue repair becausesofabd biocompatibility and bioactivity recentlgsearchers have
suggested tri- calcium phosphate in form of pureanbined with other materials as bone filler. Whiis suitable
for load-bearing orthopedic applications[11,12].blene tissue engineering, scaffold serves as thBoes of tissue
formation, and play pivotal role in osseointegmatend tissue integration, as bone grafting is featly usedo
augmentbonehealingwith numerousapproaches to reconstructing or replacing skebtiétcts. Autologous bone
graft remains the most effective grafting materibklscause it provides the three elements requirecbéme
regeneration; osteoconduction, osteoinduction[]3,14 this study using tri calcium phosphate (40%xed with
bioglass and magnesium (60%) was intended to habdaifor defects of mandibular which are constantider
mechanical pressure.

MATERIALS AND METHODS

All animal procedures were carried out accordingh guidelines of the Animal Ethics Committee siaimic
Azad University. Forthy-eight New Zealand 40 weeks and weighing 3.5-4.0 kg male rabbits were ysed
divided into four groups (I, I1,111,1V) of twelverabbits each, according to the procedure perforreamals in each
group were subdivided into two subgroups of sibitgtfor one month and two months duration. Allbid were
kept inindividual cage during the wholexperimentaperiod, under strict hygienic conditions and fedhwstandard
ration for rabbits and water ad labium.

Surgical procedure:

Under intramuscular Diazepam (1mg/kg) premedicatdod intravenous Ketamine hydrochloride (35mg/kg) a
Xylazine (5mg/kg) general anesthesia. Bilateral diaular bone was routinely prepared for surgery. 48m
longitudinal skin incision was made. The connectiissues and muscles on buccal side was dissecte
providing a wide view of mandible bone, a segrakbbne defect was created in the middle of the ditamhar
shaft, 3mm in width and 10 mm in depth , using Bcdt orthopedic motor saw . In group |, the defeas left
empty, whereas in group I, the defect was subpkttelaser irradiation (Mostang 2000:780 nm) 10md 10
minutes for 15 days. In group lll, the defectsravdilled up with tricalcium phosphate paste (40€bntaining
bioglass with magnesium(60%) (Fig. 1) and in grdvphe defects were subjected to Laser irradiatiod the gap
filled with paste of Calcium phosphate (Fig. 2Jl. rabbits in four groups were divided into two sudgys (one
month and two months duration with six rabbitsacleone).

Postoperative care:

Antibiotics (penicillin G procaine 40000 IU/kg IMbid), dexamethasone (0.6 mg/kg, IM), vitamin B.cdewp(0.2
mg/kg, IM) and analgesic such as Tramadol hydraateq5 mg/kg, IM, bid) were administered for 3 poperative
days.

Compressive pressure analysis:

All mechanical testing were performed using a ZwiBloell 2005 with a crosshead speed of 0.01 mmisad-
distance curve was recorded to obtain the mechapicgerties (Figure 3). Load bearing was obtaiméth
maximum load recorded of the linear portion of kbad-distance curve. The mechanical propertieshef riormal
radial bone were measured to provide referenceesalBix specimens were tested for each conditiod,data
were represented as mean standard deviations @&tstical analysis was carried out on the loadribg data
using one way analysis of variance with the sofewgrogram SPSS for Windows, version 19 (SPSS Inc.,
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Chicago, IL, USA). P<0.05 was considered to bediieally significant. Tukey HSD multiple comparison testing
was used to determine the significance of the dievis in the mechanical property of each sampledfierent

times.

Figure 1. The gap filled with tri-calciumphosphatepaste

Figure 2. Rabbits being subjected toLow Level lasetrradiation
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Figure 3. Typical load-distance curve for mechanidaproperties of specimen. The green line is princie but the mechanical engineer
determines & analysis graph with Mat lab software ad red line is Customized Functions with State.
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RESULTS

No operative or postoperative complications wareounteredAll of the rabbits tolerated surgery well and sved
until the final experimental time. No wound openiog infections were observed. At sacrifice the roacopic
evaluation revealed maintenance of correct posiidine paste in the defect site. There was a fegmit increase
in mechanical properties of mandibular bone ipugrlll and IV in £ and 2 months as compared to first two
groups (I, Il Table 1) . The mechanical propemyg dhe mean load for fracturing normatandibular bone was
275.0 +4 N whereas it was 71.2+12.7 N for growyhich was recorded 108.4+18.2 N for group Il a2@.0+10.8
N for group Il and 142.0+ 18.8 for group IV atetlend of 1 month. These values were 102.9.+10.@rNyroup |
and 168.4+6.8 N for group Il and 182.6+14.2N foowgy 11l and 220.0 +8.6 N for group IV at the endwbd months
after implantation. Newton (N) was recorded valud mechanical pressure respectively. The resflthis
study show that tri calcium phosphate paste igeavirradiated with low level laser is good dwifor the
healing of segmental mandibular bone defects, ae#@sed and attained almost normal mechanical gyope
compressive pressure that of normal one (Tablégly & 4).

Table 1. Load bearing of normal, groups I, II, Il & IV (Mean + SD).
) . ) Load bearing (N)
Time of implantation Norma Group Group |l Group Il Group IV
1st month 275.0¢44 | 71.212.0 | 108.418.2 | 122.810.8 | 142.818.8
2nd month 275.00.4 | 102.910.2 | 168.46.8 | 182.614.2| 220.88.6
300
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=
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Groups
Figure 4. Result of load bearing of group normal, | II, 11l and IV at one and two months after implantation.
DISCUSSION

The results of this experiment indicated the lasiéh and without tri calcium phosphate paste we bde a@o
maintain strength and stiffness while improving itheorporation process. This was especially truthengroup Ill

in which Tri calcium phosphate (40%) mixed with dgimss containing magnesium (60%) were used to plaek
defects. One the most interesting observations filois1 study was the differences between contral ather
three groups using laser and bone fillers, butetieas no fundamental differences between Il Ahdrhplanted
groups. There was very good osteoconduction in th@himplanted groups and stiffness was propercelirsign of
very rapid resorption and replacement of implantilipg bone especially in group Il and IV as thignificantly
increased in mechanical properties in all rabbitsthese groups. An ideal bone graft substitute Ishbave
osteoconductive, osteoinductive and osteogeniceptiés. Tri calcium phosphate with bioglass was
compatible materials because it provides all os¢hproperties [15,16,17]. Tri calcium phosphat&t@aas been
the implant of choice for most of the orthopediogadures. However, might have some limitations too
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such as donor-site infection, pain, and diseasesfea Because of these limitations, biosynthetoeb graft
substitutes are being investigated. As a resunes investigators used mixtures of synthetic sddifig
biomaterials and osteoinductive organic agentsclieae better results and optimum tissue biomatedatact
necessary for stimulating bone in growth [18,19n€ellous rib bone was osteoinductive material dpeised as a
bone graft substitute, and combination with trizait phosphate alone and provided irradiated with llevel laser
would probably create a composite with potentiatestieoinductive properties. The results achievedhis
investigation indicatethat this graftoveredwith really stimulates a favorable reaction of lobgnes and the best
fracture healing was observed. The osteocondugtifithis graft promotes bone healing and help®gaining the
strength of the defect site faster. The additionlasér creates better conditions for bone formatibe increased
osteogenesis may well be attributable to the stiouy effect of tri calcium phosphate on local setivolved in
bone regeneration such as osteoblasts, mesenchyoganitor cells and endotheligglls [20,21] As to cover the
large gap in the body of long bones the scaffoldimgterials for bone tissue engineering should be
osteoconductive so that osteoprogenitor cells clrer@ and migrate on the scaffolds, differentiag finally form
new bone. In this investigation, we consider ti@atcium phosphate with laser can be a good choicthe healing
of segmental bone defects, and provides a mord rageneration with almost normal mechanical priypafrbone
defectsThe results of the present study showed that mtemii with a low-power red laser at the fixed lavel
affected the cell physiological and molecular prtipe specially osteoblasts. The frequency of #seil used in
irradiation can also affect cell proliferation.2001, Coombe et al. [22] used a GaAlAs laser ateelength of 830
nm to treat osteosarcoma cells with a single dasdady irradiation doses of 0.5, 1, 2, or 5 J. ¥Heund no
significant difference in cell count or MTT actiyibetween the laser-irradiated and control growss a period of
10 days but in this study results obtained at tice@ 1 and 2 months periods. Daily irradiationiaf power laser
was applied in this study. No apparent cytotoxfe@fwas observed from the parameters used irsthdy. Ozawa
etal. [23]indicated that significant cell proliferation ocoed at the early stages of culture (approximatedydays
after laser irradiation). After estimating the effeon proliferation at days 1, 3, and 5, they fouhdt LPLI
significantly enhanced cell proliferation on dayThere extensive reports as ALP is a biomarker ithatsed to
evaluate bone metabolism; staining methods arecalsononly used to visualize bone nodule formatfuwkuhara
et al.[24] observed that irradiation with a GaAlAs laser (308) at an energy density of 3.75 Jfcsignificantly
increased bone nodule area, as measured by voralstaising and subsequent determination of the euraob
ALP-positive colonies of calvarial cells. Khrdraadt [25]showed that ALP activity increased after exposor8 t
Jlent GaAlAs irradiation (830 nm). Similar results wexlso observed in our study when we assessed Alidtgct
and Alizarin Red S staining. A remarkable dose-ddpat enhancement of osteogenic induction was obdeat
both 10 and 14 days. However, based on our queatiidin of Alizarin Red S staining, the increasd 4tdays was
not as striking as the induction at 10 days; webaite this effect to the saturation of osteogendtuction due to the
limited cell growth area. But after 1 month therergvsignificant changes in tensile mechanical ptggd and IV,
indicated the positive effect of laser in improvednd of healing. The mechanisms of LPLI promotiah
proliferation and differentiation of cells are ktilot fully understood. Several growth factors, tsues PDGE,
TGF3, IGF1, and BMP2 have been reported to regulata sl proliferation and differentiation[26,27,28,20].
Our results indicated that LPLI induced higher gerpression of IGF1 than PD@Rnd TGB. Furthermore, both
the anti-IGF1 and anti-BMP2 antibodies were usedun study to verify which growth factor was impanit in
LPLI-induced cell proliferation and differentiatiome found that treatment with these two antibodiesuced
osteogenic differentiation, but only IGF1 neutrag antibodies could reduce LPLI-induced cell destation. It is
an interesting phenomenon that LPLI can regulatieréint growth factors under different cellular glological
conditions. After LPLI at 4 J/cfn the inhibitory effects of the antibodies on osfenic differentiation were
significantly decreased but were still higher thta@ inhibitory effects observed in cells to whiahamtibodies were
added. The data indicate that LPLI may regulatdifpration and osteogenic differentiation via IGRtd BMP2
signaling pathways, but other factors may alsonvelived. Further studies are necessary to undetstenprecise
signaling pathways involved. Tissue engineering \@ry promising approach for the repair of damagesiies and
organs. The ability of stem cells to proliferatel atifferentiate plays a critical role in their dbal application. LPLI
is an economical and non-contact-based methodctmatbe used to manipulate the activity of cellsceRdy,
several studies examined the use of LPLI in sexarmhal models and found beneficial effects orutsisealing and
regeneration[31,32]. Here, our results indicat@t@iptial mechanism underlying the LPLI-mediatectet§ on stem
cells and suggest a clinical application for LPhlstem cell therapy and bone fracture healing.oimctusion, our
results reveal that low power laser irradiatiomett only had no cytotoxic effects but also promagpealiferation of
host bone cells leading to remarkable changes icharécal properties[33,34]. Therefore, our resplavided a
potential cellular mechanism of low level laser ibespaste of calcium phosphate with bioglass caotgi
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magnesium in early packing up the gap and incrgaguality of callus formation as far as mechana&ssure at
the site is concerned.

CONCLUSION

The low Level laser with tri Calcium Phosphate isiable option for obliteration for early stiffnessid
strength in mandibular defects.
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