
ABSTRACT
Newer tools for bone surgery are available such as LASER’s and piezoelectric units,which produce less thermal 
insult to bone and improved healing properties when compared to the conventional rotary burs. The aim of this 
study is to evaluate the most efficient method to harvest a mandibular  block graft by using  rotary bur, LASER and 
piezoelectric unit on  cadaveric mandibles.This experimental ex-vivo study consisted of five cadaveric mandibles 
in which 15 sites were identified for block graft harvest.A block of size 5*5 mm was marked with an intended 
depth of osteotomy to be 3 mm and the osteotomy was performed.The harvested block graft and the resultant 
defect site were measured.Data was analysed using SPSS software.Mean value for volume of block graft was found 
to be comparatively less in rotary surgical bur group (49.62±7.07 mm3) and  higher in the  Piezoelectric group 
(63.50±1.69 mm3)(p=0.005).Within the limitations of the current study , we conclude that piezo surgery is the best 
suited method to harvest a good viable bone graft when compared to LASER and Rotary burs.
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INTRODUCTION

Bone augmentation procedures are carried out in cases 
where there is a deficiency of the alveolar ridge, making 
it impossible to place implants for prosthetic restoration. 
Various  techniques of bone augmentation have been 
employed to get the desired alveolar ridge dimensions. 
Various bone graft materials available are autografts, 
allografts, xenografts and alloplasts. The autografts 
are considered to be the gold standard in bone grafting 
materials as it has properties of osteoinduction as well as 
osteoconduction making it also highly osteogenic.

The commonest site of autograft harvest for block 
grafting is the mandibular symphysis region. The obvious 
reasons for an intra-oral site of graft harvest is the 
minimal scarring, absence of a skin incision, reduced 
operating time, procedure done on an outpatient basis 
(Nesappan and Ariga, 2014).The symphyseal region is 
considered a safe zone for surgical procedures and is 
easily accessible for graft harvest. Various methods are 
employed to harvest graft from this region. The earliest 
method used was using chisel and mallet, which has 
slowly lost its favour to more advanced methods using 
more modern equipment. Micromotors with rotary 
cutting burs, piezosurgery and use of LASER has been 
advocated in autograft harvest.(Gupta, Dhanraj and 
Sivagami, 2010) (Gupta, Dhanraj and Sivagami, 2010; 
Ashok et al., 2014) (Anbu et al., 2019)

Piezosurgery involves  the use of piezoelectric burs, it is 
being used in Dental implant Surgery due to numerous 
advantages as they are precise and have selective cuttings, 
minimal or No thermal damage, and the preservation of 
soft-tissue structures.(Vidhya and Nesappan, 2016) It 
is  not only  used due to the advantage of very precise 
customized cutting but also due to factors associated with 
the healing process. The reduced blood loss improves 
healing conditions(Stübinger et al., 2008). Moreover, 
piezoelectric bone cutting does not influence bone 
remodeling or cell viability(Esteves et al., 2013).Rotary  
cutting burs are driven by micromotors which cause a 
mere mechanical ablation by crushing and shearing bone 
with serrated or diamond coated rotational hard metal 
bodies (Möhlhenrich et al., 2016). The action depends on 
size of the serrated surface, speed of the handpiece and 
pressure exerted onto the bone, thus causing frictional 
heat, which might cause bone necrosis. The major and 
unavoidable medical drawback of drills, burs and slow-
oscillating saws is the enormous procedural bone loss due 
to the minimum necessary diameter of the instrument of 
at least 1,5 – 2 mm and the imprecision of the cut due 
to the high torque-moment.(Rood, 1992)

Erbium-Yttrium-Aluminium-Garnet (Er:YAG)  laser has 
emerged as a possible alternative to conventional methods 
of bone reduction. They have a high  absorbability in 
water so it is highly safe to use it around implant during 
the treatment of bone reduction and peri-implantitis.
(Romanos et al., 2009) (van As, 2004).It has many 
advantages such as noncontact, blood-reduced and 
vibration-reduced surgery techniques, free choice of cut 

geometry, a small operation field, and the prevention 
of massive bone flour and metal abrasion.(Pearson and 
Schuckert, 2003).

Previously our department has published extensive 
research on various aspects of dentistry including clinical 
trials (Anbu et al., 2019) (Venugopalan et al., 2014) 
(Abhinav et al., 2019) (Sweta, Abhinav and Ramesh, 
2019) (Wahab et al., 2017) (Balaji and Gajendran, 2018) 
(Madhavan and Gajnedran, 2018) (Janani, Janani 
and Gajendran, 2018) ,in vitro studies (Ganapathy, 
Kannan and Venugopalan, 2017) (Ganapathy, Kannan 
and Venugopalan, 2017; Pandurangan, Veeraiyan and 
Nesappan, 2020) and systematic reviews (Kannan and 
Venugopalan, 2018). This vast experience has inspired us 
to research about the most efficient method to harvest 
symphysis block graft by comparing piezoelectric, 
LASER, Rotary cutting bur in cadaveric mandible.

MATERIAL AND METHODS

This was an experimental in-vitro study conducted 
at the Department of Implantology,Saveetha Dental 
College,Chennai ,India. Five cadaveric mandibles in 
which 15 sites were identified for block graft harvest 
were used for the  study. The bone  graft of  size 5 mm 
length*5 mm width were marked on the mandibles 
using a graphite marker and markings were verified 
with Vernier caliper(Figure 1). The osteotomy  was made 
using three  cutting instruments- Rotary surgical burs(SS 
White Dental,USA), Piezoelectric unit (Piezotome Solo 
Acteon, France )and an Er:YAG LASER unit (Waterlase 
Iplus,USA) (Figure 2). 

The osteotomy was done to a depth of 5 mm and was 
checked periodically to confirm the depth by using a 
graduated probe .Once the osteotomy was completed, 
the graft was taken with the use of a periosteal elevator 
(Figure 3). If the graft did not come out easily, a  chisel 
and mallet was used to free the graft until the graft was 
free from the donor site.A stop watch was used to record 
the time taken from start of the osteotomy to the end of 
graft harvesting.  After the graft harvest, the  resultant 
defect was filled with gutta percha and a CBCT was taken 
for evaluation. The resultant defect site was measured 
using the CBCT software (GALAXIS-Galileos viewer 1.9)
(Figure 4).All manual measurements were done using  
two methods-A graduated probe and by using a vernier 
caliper to prevent measurement bias.

Volume calculation
Volume of the graft was calculated using the following 
formula-
Volume of graft harvested = Height of graft*Width of 
the graft* Length of the graft
The loss of bone volume was calculated using the 
following formula:
Loss of bone volume = Total volume of defect after graft 
harvest - Total volume of the harvested graft 

Statistical Analysis: Data was analysed using SPSS 
software (IBM SPSS Statistics, Version 24.0, Amonk, 
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NY: IBM Corp). Descriptive statistics were used for data 
summarization.Non-parametric Kruskal Wallis test was 
used to test for equality of the sample medians among 
the groups.p<0.05 was considered to be statistically 
significant.

RESULTS AND DISCUSSION

The mean values of Rotary surgical bur, Piezoelectric and 
Er.YAG LASER was calculated  and tabulated (Table1).
Mean value for volume of block graft was found to be 
comparatively less in Rotary surgical bur (49.62±7.07 

mm3) and  higher Piezoelectric (63.50±1.69 mm3).This 
was found to be statistically significant(p=0.005). Mean 
value for volume of defect was found to be lowest in 
Er;YAG LASER (71.90±6.61 mm3) and highest in Rotary 
surgical bur (126.93±6.58 mm3).This was also statistically 
significant (p=.002).The mean value for time taken for 
graft harvest was lowest in rotary bur (77.60±10.41 secs) 
and highest in Er;YAG LASER (503±49.17 secs). This was 
statistically significant(p=0.002). Mean value for  loss 
of bone volume compared to graft size was found to be 
lower in Er;YAG LASER (16.14±6.40 mm3)and higher in 
Rotary surgical bur (77.30±8.30 mm3)(p=.002).

 	  
	 VOLUME OF 	 VOLUME OF	 TIME TAKEN	 VOLUME OF
	 GRAFT 	 DEFECT	 FOR HARVEST	 BONE LOSS
	 HARVESTED	 (Mean±SD mm3)	 (Mean±SD secs)	 (Mean±SD mm3)
	 (Mean±SD mm3)	

PIEZOELECTRIC (N=5)	 63.50±1.69	 107.68±1.61	 273.6±25.32	 44.18±2.20
ROTARY (N=5)	 49.62±7.07	 126.93±6.58	 77.60± 10.41	 77.30±8.30
LASER (N=5)	 55.76±1.93	 71.90±6.61	 503.00±49.17	 16.14±6.40
p value	 .005	 .002	 .002	 .002

Table 1. Outcome variables of the study

Mean value for volume of block graft was found to be 
comparatively less in Rotary surgical bur (49.62±7.07 
mm3) and  higher Piezoelectric (63.50±1.69 mm3).This 
was found to be statistically significant(p=0.005).It was 
maximum in piezoelectric unit as it was more precise 
and well controlled with proper irrigation whereas it is 
the least in rotary surgical bur as it has less control over 
the osteotomy. Based on the volume of defect, it is higher 
in Rotary surgical bur as it cuts excess bone due to its 
unpredicted control and  stability whereas it is lesser in 
Er:YAG LASER.

Piezosurgery bone surgery has become famous off late 
due to its precise cutting, preservation of the soft tissues 
and lesser thermal heat when compared to rotary cutting 
drills (Birkholz, 1995).This results in enhanced operator 
sensitivity and control, indicating that the clinician can 
develop a far better ‘feel’ and precision for the cutting 
action thanks to micro vibration of cutting tip. The 
cutting action is smaller and less invasive, producing 
less collateral tissue damage, which ends up in better 
healing (Aro et al., 1981) (Crovace et al., 2020). The 
main disadvantage is its slowness. Cutting very dense 
bone with ultrasound can take up to 4 times longer than 
with a rotary bur. Tip breakage can be frequent which 
makes it necessary to maintain a stock of tips.The cost 
of ultrasonic osteotomy equipment is also elevated 
(González-García et al., 2009).

The use of piezosurgery in the field of implant dentistry 
is varied. It can be used to prepare implant osteotomies, 
harvest bone grafts, perform direct or indirect sinus 
lifts, perform ridge splits and very useful in nerve 
lateralizations.Otake et al. in their experimental study 
have shown that there is very minimal to no soft tissue 

injury when the piezoelectric saw is used on soft tissues. 
Similarly, when piezosurgery is performed on bones,it has 
been shown to have an increased viability of osteocytes 
and decreased cell death.A histomorphometric analysis 
study by Berengo et al. demonstrated that the amount 
of non vital bone was intermediate when compared with 
slow speed and high speed rotary burs (Berengo et al., 
2006).Piezosurgery is also said to aid in faster healing of 
the surgical site decreased post-operative discomfort.

Figure 1: Graphite marking done on cadaveric mandible

LASER surgery is fast becoming the new surgical aid 
for bone surgery due to its effects such as reduced pain 
and edema formation and rapid wound healing.The 
2.94 µm radiation emitted by the Er:YAG laser is ideal 
for absorption by water and hydroxyapatite, making it 
a very ideal candidate to perform hard and soft tissue 
LASER surgery (Hale and Querry, 1973) (Robertson and 
Williams, 1971) . The advantages of cutting vital bone 
by Erbium lasers are  a non-contact, reduced bleeding 
and non-vibrating form  of  surgery technique, free 

223



Raj et al.,

choice of cut geometry, a small operating field, and the 
prevention of massive bone necrosis and metal abrasion 
(Zolotarev et al., 1970).

However minimal knowledge, inadequate training,  
lesser experience of surgeons, and the overall cost often 
limit the use of LASER in everyday practice (Hale and 
Querry, 1973). Martins et al. compared bone healing 
between rotary burs and Er:YAG LASER osteotomies and 
concluded that bone healing was faster when surgical 
burs were used, with (Martins et al., 2011)similar results 
after 90 days of healing (Martins et al., 2011). We felt 
that though we had control over the LASER while 
performing the osteotomy, the perception of depth of the 
osteotomy was not possible. There was a need to stop 
and use an instrument to check for the depth throughout 
the procedure.

vivo study which cannot replicate the actual environment 
where these instruments would be potentially used in and 
the small sample size. Future studies should be aimed at 
designing long term  clinical prospective studies which 
compare the intra-oral surgical time,post-operative 
complications and graft uptake in patients.

Figure 2: Osteotomy is done for Graft harvest using A) 
Piezoelectric B)LASER C)Rotary bur

The rotary bur has been used far and wide and has a  few 
advantages such as faster bone osteotomy, less pressure, 
greater ease of operation, economically feasible hardware 
to obtain. But its disadvantages are also a cause for 
concern.It produces excessive thermal damage thereby 
reducing the viability of the bone,increased vibrations 
and mechanical abrasions, soft tissue injury if not used 
cautiously and increased post-operative discomfort such 
as edema and pain.(Romeo et al., 2009). Schmidt in his 
study, showed that temperature rise was mainly related 
to formation of bone chips during cutting and their 
retention in the area thus clogging the bur. In our study 
our results showed that the highest volume of graft was 
harvested using a piezoelectric unit and highest volume 
of defect and mean bone loss was created while using a 
rotary bur to perform the graft harvest. 

LASER surgery for graft harvest took a longer time to 
complete when compared to piezo surgery and use of 
rotary burs.From this we can conclude that piezo surgery 
is better compared to the other two modalities of  bone 
surgery due to its least possibility of thermal necrosis, 
improved bone healing, high precision of the osteotomy 
design ,reduced mean bone loss, improved soft tissue 
preservation and reduced postoperative discomfort to the 
patient. The limitations of the study are that it is an ex-

Figure 3: A) Block graft is elevated from the harvest site 
B) Defect region after removal of block graft

Figure 4: CBCT cross-section of the defect filled with 
gutta percha

CONCLUSION

Within the limitations of the current study , we conclude 
that piezo surgery is the best suited method to harvest 
a good viable bone graft when compared to LASER and 
Rotary burs. Piezo surgery seems to define a possible new 
gold-standard in bone osteotomies due to their improved 
bone healing, reduced bone loss and precise osteotomy 
design and depth control, soft tissue protection as well 
as reduced intra surgical and post surgical morbidity
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