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 الخلاصة

: تهدف الدراسة  الةم ارنر ة  الم ةنج ال ةاست دنسةمجداج ن ةااحيي  ةاالففي اجمييةفي سترفةفز  يةنحي لفةلر الردفة ج جيةم الم ةنج ال ةاست د ةد هذافالأ

أرا ةا للةن  ة ن اةي اليةه هة   ة    8اةي اررا ةا الوف لييودية   اف ا ةنت ت اي فة    61: تةز اسةمجداج . المواد وطرائق العملاالف ال ميفنت ال 

 Erbium, Chromium: Yttrium-Scandium-Gallium-Garnet   لفةلر الردفة ج61الدراسة   قةه ايةال الية لم المرةنسج ليقةدأ ر ةز 

laser. ا م ج  ه  الف ج ارسل سالثنلث سالسندع سالاادع جيا د د ال ااحات  سأيضًن هة  ية ج المضةاف   ي مةع الةدج  تز المضاف  دأرا ا اي  ن

 يةي  الومةن ا الوسةف ف  لهة   الدراسة  أ ةه  ةن   وةن   6: :النتائئ  TNF- α اةي  ةن أر ةا اةي أ ةن المقةن سالمايفةن المقةي  لماديةد اسةم  

ي اًةن  ههةا  61س 7س 3  الفة ج ارسل دةفي ا مة جمفي  هة  لةفي لةز يلةي  وةن  اخةملاف   فةا هة  همةاي ساخملاف ه  ارتينت الجلايةن اللمهندفة  هة

  دفومةن أههةا الميةال  مفة  أ ةن اةي تلة يي أ سة   الا ف ة   هة  نجةن ي  سةفا  Er,Cr:YSGG تل يي أ س   ل ف ف  أجيم ه  ا م ج  الردفة ج

الم م جمفي  ه  الف ج الثنلث  ههات نجن ي  سفح الظهنري اخملاهنً ساضةان  سل ي  ةد هةا   الظهنري ه  الف ج ارسل  يظها  ر   القيا ه   يمن

هة  المقةن ل يظهةا  TNF-α ا و ي ه  الف افي السندع سالاادع جيا دفي الردف ج سالميال  تظهةا الومةن ا المقةيف  لهة   الدراسة  أ  اسةم  

له ال ديد اي الملاين للاسمجداج خنص  هة    Er,Cr:YSGG : لفلر اليادف جالاستنتئجئت اخملاهنت   فاي دفي ا م جمفي ه  هماي لاوف  اجميي  

 االةة  اليةةز  دسةة ا السةةم ند  اللمهندفةة  الموجيضةة  سترالةةنت أ ةةن سأ ةةن ضةةار لي سةة   المجنلفةة  اليم يةة   سللةةي ياةةد  تيةة  أ ثةةا لي سةة   

 .سمجدج قياي ايال  اال سارتينت أ ثا ليجلاين اللمهندف  ارنر   دنلم م ج  الم  ت

 

 

ABSTRACT 
Aims : The study aims to compare wound healing histologically and serologically by using two different 

surgical procedures and to evaluate the efficiency of the Er,Cr:YSGG laser on wound healing after surgical 

procedures. Materials and Methods : Sixteen New Zealand rabbits were used as experimental animals. The 

animals were divided into two groups: group I and group II, each group consisted of 8 rabbits. In group I; 

stainless steel scalpel blade NO.15 was used for making the incision, in group II Er, Cr: YSGG laser was used 

for making the incision. Two rabbits were sacrificed from each group at the 1st ,3rd ,7th and 14th days after 

procedures. On the day of sacrificial blood was collected from each rabbit for serum and serological analysis 

to determine serum level of TNF-α. Results : 1:Histological findings of this study revealed that there was a 

significant difference in inflammatory cells infiltration at 1st day between the two groups, while there was no 

significant difference at 3rd  , 7th and 14th day periods. Granulation tissue formation appeared higher in 

erbium group, while scalpel blade incision showed less amount of granulation tissue formation. In re-

epithelialization at 1st day all section shows nil score in both groups, at 3rd day re-epithelization appeared 

significant difference, and no significance difference at 7th and 14th days between erbium and scalpel blade.  

2: Serological findings of this study shows that TNF-α level in serum have no significant differences between 

two groups at different time periods. Conclusions : Εr,Сr:ҮЅGG laser has numerous benefits for use 

particularly in oral surgery , due to low inflammatory reaction and less ulceration and smallest damage of the 

oral mucosal tissue, while  more inflammatory cell infiltration occurs in comparison with group that used 

surgical scalpel blade. 

Keywords: Εr,Сr:ҮЅGG  laser, scalpel Blade, Tumor necrosis factor-α, Histometric analysis . 
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INTRODUCTION 

      Wound define as breakdown in 𝗍he normal 

continuity of 𝗍he covering skin and/or mucosa; 

𝗍he loss of epithelial barrier, with or without 

disruption of underlying connective tissue 

(dermis, fascia and muscles) ,wounds occurred 

due to external damage 
(1-5)

. The wound healing 

process is a complex pathophysiological 

mechanism that includes a cascade of 

coordinated inflammatory and proliferative 

events
(6)

 . 

      Surgical scalpels are fundamental tools to 

make soft tissue incisions 
(7)

. The problems of 

using scalpel blade are pain, bleeding  specially 

in highly vascular lesion and in a patient with 

bleeding disorders
(8)

. Many laser systems units 

are alternative to surgical knife blade on 

surgeries involving oral soft and hard tissues
(9)

.  

       The erbium laser first developed in 1990 

and then came to the dental market and get 

approval from the Food and Drug 

Administration (FDA)to use on human being in 

1997
(10)

.The performance of 𝗍he laser is based 

on peak absorption rates of each laser 

wavelength. With erbium laser has an affinity 

for (H2O) particles , which makes 𝗍hem able to 

cut hard tissue as well as soft tissue
(11)

.  

     The biomarkers are biological indicator 

substances, 𝗍he specific biomarkers can be 

identified by diagnostic tests, imaging 

technologies and o𝗍her measurement devices of 

an individual’s health status 
(12)

. Researches 

have shown many mediators and cellular events 

happened within 𝗍he wound healing that can be 

served as biomarkers. Neutrophils, ,Natural 

Killer Cell ,Macrophages, platelets and 

fibroblasts release cytokines molecules 

including Tumor necrosis factor-α (TNF-α)
 (13)

 . 

Aims of Study 

-  Is to compare wound healing under 

two different surgical procedures.  

-  To evaluate the efficiency of the 

erbium laser device on wound healing 

after surgical procedures. 

MATERIALS AND METHODS 

       Sixteen healthy male New Zealand rabbits 

aged between 3 and 4 months and weight 

between 1.25 and 1.5 kg were used. They were 

retained in animal house at standard 

environment, and the animals were kept at a 

temperature of 30 ± 5 ∘C and all they received 

same amount of nutrition, so the outcome of 

wound healing be same in all rabbits . 

       All experimental procedures operating on 

rabbits followed the animal care protocol to 
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prevent any health problems and to promote 

efficiency. 

Animal grouping  

    The animals were randomly assigned into 

two experimental groups according to the types 

of incision. Each group consisted of 8 animals; 

two animals were euthanized at 1
st
 day, 3

rd
 

Days , 7
th
 Days, and 14

th
 Days’ time intervals.  

Experimental Group I: Stainless steel surgical 

blade(No.15) wound incision. In this group 

incision was made by scalpel blade on buccal 

mucosa of the rabbits. 

Experimental Group II: Εr, Сr: YЅGG laser 

wound incision (Waterlase MD, Biolase 

Technology , SanRamon, CA) in this group 

incision was made by Εr, Сr: ҮЅGG laser on 

buccal mucosa of the rabbits. 

Surgical procedure 

      All surgical procedures were performed 

under supervision of two experienced surgeons, 

one in Oral and maxillofacial (Laser Specialist) 

and other in Veterinary Surgery and they 

followed a standardized protocol that used in 

Mosul University/ College of 

Dentistry/Department of Oral and Maxillofacial 

Surgery so as not to induce the surgical trauma 

during operation. 

       

The rabbits were subjected to dissociative 

anesthesia by intramuscular administration of 

Ketamine with Xylazine Hydrochloride (0.6 

ml) per one kilogram. After anesthesia, the 

surgical field in the oral cavity was disinfected 

by Chlorhexidine Gluconate %0.2 as a topical 

antiseptic.  

     Each incision had made with size of 5 mm 

length and 2 mm depth. The position of each 

incision was in a mid-space of diastema area 

between the angle of a mouth and mesial 

surface of posterior teeth.  

All wounds were left opened.  

All experimental animals did not take any type 

of analgesics or antibiotics postoperative . 

Erbium, Chromium: Yttrium-Scandium-

Gallium-Garnet laser parameter: 

      The Er, Cr:YSGG laser apparatus (Fig.1) 

wavelength was 2780 nm, power 1.5 W, 9% 

water, 12% air spray, pulse duration (140 ms), 

repetition rate (30 Hz), energy density of (300 

mJ/cm2) with a contact mode (S-mode) ,tip 

type (MT-4), and hand-piece type (MD Gold 

Handpiece).  

        The setting of laser device was according 

to manufacturer recommendation. The laser 

device calibrated by the dealer (BIOLASE 

Service-ERBIL) before the study.  
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Figure (1): Er, Cr:YSGG laser apparatus 

 

Serological test  

       After the rabbit had been sacrificed by 

using a sharp knife, the first few drops left to 

prevent hemolysis. Blood collection tubes are 

disposable and non-endotoxin(Purified E.coli 

endotoxin, Gram negative bacteria and Gram-

positive bacteria induce cytokines secretion by 

whole blood cultures (WBC's) and this will 

affect on level of TNF-α). The tube put in a 

holder in upright position for serum preparation 

which allows samples to clot for 2 hours at 

room temperature before centrifugation for 15 

mins at 3000×g at (25℃). The serum collected 

by micropipette and gathering in Eppendorf 

tube, labeling each tube and freeze it in (-20℃) 

for assaying the level of TNF-α by ELISA test.  

 

Histological analysis   

     The tissue was immediately dissected from 

buccal mucosa and introduced in a solution of 

10% Neutral Buffered Formalin. The 

specimens were harvested, and sections of five 

microns in series were sliced and stained by 

hematoxylin and eosin for histological analysis. 

The histometric measurements depending on 

criteria in (Tables 1,2, and 3) were done under 

a light microscope connected to a digital 

camera at magnification of x10and x40.  

 

Table (1) : Criteria of inflammatory cells infiltration (scoring): 
(24, 25)

 

1 Nil :No inflammatory  cells seen iո the field of operation (X10). 

2 Mild : inflammatory cells present iո fewᴡ numbers, less than ½ of the field (X10). 

3 Moderate: inflammatory cells could be seen iո more than ½ of the field (X10). 

4 Severe or abundant : inflammatory cells present iո huge numbers, more than ¾ of the 

field (X10). 

 

 

    Table (2): Criteria for amount granulation tissue formation (Scoring):
(24, 25)

 

1 Absent of granulation tissue formation iո wound 

2 Quantity of granulation tissue formation iո the wound gap is scanty 

3 Amount of granulation tissue formation is moderate iո t tissue. 

4 Total amount of granulation tissue formation iո the wound is profound. 
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Table (3): Criteria of Re-epithelization (Scoring):
(26)

 

0 Re- epithelization at the edge of the wound. 

1 Re- epithelization ո covering less than half of the wound. 

2 Re- epithelization  covering more than half of the wound. 

3 Re- epithelization  covering the entire wound, irregular thickness . 

4 Re- epithelization  covering the entire wound, normal thickness. 
 

 

Statistical analysis 

      The current study used non-parametric u-

test (Mann-Whitney), because its comparative 

study between two groups and data not 

followed specific disruption. 

 

RESULTS 

All the rabbits survived during experimental 

procedures. 

Histological findings  

At Day one after procedure  

      The scalpel group appeared moderate  

 

number of inflammatory cells infiltration 

present in slides section, see (Figures 2, 3, and 

Table 4). While ,the Εr,Сr:ҮЅGG  laser 

incision shows huge number of inflammatory 

cells infiltration seen in the field of incision see 

(Figures 4 ,10, and Table 5). Granulation 

Tissue Formation mainly absent in both the 

scalpel Εr,Сr:ҮЅGG  laser incision. Re-

epithelialization evaluation in the scalpel and  

Εr,Сr:ҮЅGG  groups we noticed that re-

epithelialization presents only at the edge of 

wound in both groups, see (Figures 2 , 3, and 

5).  

 

Figure (2): Histological section of scalpel incision at 1st day. 

 

Figure (3): Inflammatory Cells Infiltration Scoring at 1
st
 ,3

rd
 ,7

th
 ,and 14

th
 Days after Incisions 
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Table (4): Mean of scores of inflammatory cells infiltration, granulation tissue formation and re-

epithelialization for scalpel blade incision groups. 

Euthanized 

day of 

scalpel 

group 

I.C.I. 

means 

of 

scores 

G.T.F. 

means 

of 

scores 

Epithelization 

means of 

scores 

1
st
  2.25 1.5 0 

3
rd

  1.5 2 0.5 

7
th
  1.25 1.5 2.75 

14
th
  1 1.5 4 

 

 

Figure (4): Histological section of erbium laser incision at 1st day 

 

Table (5): Mean of scores of inflammatory cells infiltration, granulation tissue formation and re-

epithelialization for Erbium laser (Waterlaser MD; BIOLASE, SanRamon, CA) incision groups. 

Euthanized 

day of 

erbium 

group 

I.C.I. 

means 

of 

scores 

G.T.F. 

means 

of 

scores 

Epithelization 

means of 

scores 

1
st
  3.25 1.5 0 

3
rd

  1.75 1.5 1.5 

7
th
  1.5 1.75 2.75 

14
th
  1.25 2 3.5 

*  I.C.I.  = Inflammatory cells infiltration 

* G.T.F. = Granulation Tissue Formation 
 

      
Figure (5): Re-epithelization of oral mucosa Scoring at 1st ,3rd ,7th ,and 14th Days after 

Incisions 
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At Third Day after procedure  

      In scalpel slides display the number of 

inflammatory cells infiltration present in few 

quantities, see (Figures 6 , 10, and Table 4). 

While ,the Εr,Сr:ҮЅGG  laser incision group 

section reveled moderate amount of 

Inflammatory cells infiltration present in tissue 

section (Figures 7, 10, and Table 5). 

Granulation Tissue Formation for scalpel group 

showed small amount of granulation tissue 

formation (Figures 4, and 9).In  Εr,Сr:ҮЅGG  

laser incision group in some  sections was 

absent ,while on other side of section appear 

scanty. Re-epithelialization evaluation  of 

wound in scalpel groups present  only at the 

edge of the wound (Figures 4, and 8). Half 

slides of the Εr,Сr:ҮЅGG  laser group show us 

the re-epithelialization covering less than half 

of the wound. On the other half of slides 

display re-epithelialization covering more than 

half of the wound.  

 
Figure (6): Histological section of scalpel incision at 3

rd
  day. 

 
Figure (7): Histological section of erbium laser incision at 3

rd
  day. 
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2
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Figure (8): Granulation Tissues Formation Scoring at 1st ,3rd ,7th ,and 14th Days after Incisions. 
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Figure (9): Re-epithelization of oral mucosa Scoring at 1st ,3rd ,7th ,and 14th Days after Incisions 

 

 

At One Week after procedure  

      In scalpel group appear inflammatory cells 

infiltration present in few numbers and in some 

section appeared Nil ,see (Figures 10 ,9 and 

Table 4). While, Εr,Сr:ҮЅGG  laser section that 

tell us few number inflammatory cells 

infiltration see (Figures 7,10, and Table 5). 

Granulation Tissue Formation in both groups is 

little. Re-epithelialization in scalpel and 

Εr,Сr:ҮЅGG  groups we noticed that re-

epithelialization covering the entire wound, 

with irregular thickness after seven days, see 

(Figures 6, and 7).  

 

At Fourteen days later 

      The scalpel slides display no inflammatory 

cells infiltration present in slide section(Figures 

8, and 10). While , Εr,Сr:ҮЅGG  laser incision 

group section reveled scores between mild to 

nil Inflammatory cells infiltration present in 

tissue section.  Granulation tissue formation 

scored small amount in scalpel and scanty in 

erbium . Re-epithelialization scalpel groups 

showed re-epithelialization covering the entire 

wound with normal thickness of 

epithelium(Figures 8, and 12).  

Half slides of the Εr,Сr:ҮЅGG  laser group 

showed the re-epithelialization covering the 

entire wound, some slide appeared with regular 

thickness other histological section display 

irregular thickness of epithelium (Figures 9 and 

12) .  

 

Serological findings 

      Serological test is performed under 

supervision of Biochemistry Specialist in RNA 

lab at Mosul city by Using ELISA .The mean 

of each group according to the score’s was 

recorded by Microplate reader at 450 nm 

wavelength for serum that collected at  first day 

and at 3, 7, and 14 days’ time periods. TNF-α 

level appeared no significant differences 

between two groups at different time interval 

(Tables 6, 7) . 
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Figure (10): Histological section of scalpel incision at 7

th
  day. 

 

 

Figure (11): Histological section of erbium laser incision at 7
th
  day  

  
    

    

                                   Figure (12): Histological section of scalpel incision at 14
th
  day 

 
                      

 

Figure (13): Histological section of erbium laser incision at 14
th
  day. 
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Table (6): P-value for inflammatory cells infiltration, granulation tissue formation and re-

epithelialization at different period  

Euthanized 

day 

Inflammatory Cells 

Infiltration p-value 

Granulation tissue 

formation P-value 

Re-epithelialization  

P-value 

1
st
 day 0.040* 1.000 1.000 

3
rd

 day 0.495 0.127 0.61 

7
th

 day 0.495 0.495 1.000 

14
th

 day .0317 0.127 0.127 
P-value ≤ 0.05  /  (*) Significant different 

 

 

Table (7):Mean of score for Level of TNF-α at different time interval 

Time 

interval 

TNF-α Level 

for Scalpel 

group 

TNF-α Level 

for Erbium 

group 

1
st
 Day       0.052 0.0515 

3
rd

 Day 0.0515 0.0575 

7
th

 Day 0.0515       0.058 

14
th

 Day 0.0545  0.0565 

 

 

 

 

 

DISCUSSION 

        During current research the clinical 

observation of incisions that was made by laser 

device showed many advantages on soft tissue 

surgery which included: precision, a relatively 

great coagulation of blood, with minimum 

swelling and no need for suture, these benefits 

were accepted with Protasio, Galvao (14)on 

their findings.  

       The histological part of this study found 

minimal histological damage and cell injury 

occurred with scalpel, less epithelial damage 

,minimal wound gap and less collagen 

denaturation when surgical scalpel blade used if 

we compared it with wounds produced by laser 

and these come parallel with result of Azevedo, 

Delgado et al. found on their researches
(15, 16) 

 

      Despite the fact that, the erbium laser 

induces less thermal damage because of water 

and air spray coolant, minimal epithelial edge 

damage and tissue artifacts. For this reason, 

decent and quick re-epithelization of wound 

margin at site of incision in compared with 

other types of laser that do not use water during 

incision .This is accepted with Cercadillo-

Ibarguren, España-Tost (17), but scalpel still 

gave us better re-epithelization this totally 

agreement with Perussi, Pavone (18). The 

energy from erbium laser beam was converted 

into local thermal energy, and this thermal 

energy generates a massive expansion in the 
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target water chromophore . The energy causes 

the water molecules to be heated into steam, 

causing micro explosions in soft tissue resulted 

ablation of thin layers of soft tissue which 

cause strains and fractures the surrounding 

extracellular collagen matrix
(19)

. 

     Amaral, de Avila et al. 2015 in their study 

discovered that wound healing will be faster 

when surgical scalpel blade is used for 

removing the oral lesions. And Azevedo, 

Monteiro et al.2016 found the scalpel blade 

creates smallest amount of tissue damage in 

comparison with other equipment’s that used in 

their study. In addition ,Cayan, Hasanoglu 

Erbasar et al.2019 discovered that when scalpel 

blade used . Post-surgery showed the wound 

healing occurred faster in scalpel blade in 

compared with diode group when remove the 

same type of oral lesion. In histological part 

and clinical observation of wounds in present 

study showed healing of incisions produced by 

scalpel much faster than other groups and these 

come match with Amaral, Azevedo, et al. 

founds 
(9, 15, 20)

.  

 

Serological test 

     Cytokines level like TNF-alpha will be 

much higher in non-healing wound and wound 

with high inflammatory response due to these 

cytokines released be inflammatory cells like 

what Patel, Maheshwari 
(13)

, Shah, Omar 

(21)
found in their researches. 

      Gohel, Windhaber 
(22)

found in his study, 

that performed on chronic ulcer to analysis the 

relationship between level of cytokines like 

TNF- alpha and wound healing process ,when 

blood sample is collected from patients suffered 

of chronic ulcer, found was poor relationship 

between cytokines and ulcer healing is 

consequential remains unknown. 

     El Ayadi, Herndon 
(23)

Observed the 

appearance of pro-inflammatory cytokines is 

significantly changed after burn injury, and the 

concentration of these cytokines alone or with 

respect to each other can be used to predict 

septic condition during healing. 

 

CONCLUSIONS 

       Depending on results and statistical 

analysis in (Table 6), the scalpel blade has 

better healing process and decent cutting of 

tissue without effect on histological analysis of 

specimen , Histopathologic artifactual changes 

induced by Εr,Сr:ҮЅGG laser are insignificant 

but inflammation still here higher than scalpel 

incisions.This indicates that this laser system 

could be used for diagnostic as well as 

therapeutic applications if correct laser 

parameters and specific laser tip were used. 
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