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a B S t r a c t
BacKgroUND: Ultrasonic devices have a lot of dental application specially in hygiene and surgery. However there are 
some disadvantages like cut slowness and heat production. Prosthodontics application is less investigated. in particular 
the heat production could be an important factor for the clinician. in fact more than 5.5 °c temperature increasing could 
determine pulp necrosis during tooth preparation. the aim of this study is to investigate the increasing of temperature 
during finishing line repositioning and polishing phases using ultrasounds inserts and to verify if it remains within the 
limit of 5.5 °c.
MetHoDS: a sample of 32 human molars (extracted for periodontal reasons) was selected. the teeth were endodonti-
cally treated and prepared with burs in order to obtain a prosthetic round chamfer preparation, leaving the apical portion 
pervious for inserting the thermocouple probe. then, they were inserted in plaster cubes up to the cement-enamel junc-
tion. A wall has been selected for each tooth for margin repositioning and finishing and prepared with the piezoelectric 
instrument (Multipiezo touch with tipHolder DB2, Mectron, carasco, genoa, italy). a mechanical arm was used to 
standardize the operator-dependent parameters. these parameters were: the pressure exerted on the dental wall, the cut-
ting length and the time required for margin repositioning and finishing. The test phase consisted in a first stage of margin 
repositioning using an regular ultrasound tip with a diamond grain of 120 micron (DB120, Mectron, carasco, italy) 
(group 1), followed by a second finishing step conducted by a extra fine ultrasound tip with a diamond grain of 60 micron 
(DB60, Mectron, carasco, italy) (group 2). each test lasted 60 seconds: this was the time that the mechanical arm needed 
to accomplish 32 rides. During these stages the intrapulpal temperature has been recorded thanks to a thermocouple. the 
obtained temperature data were analyzed by Kruskal-Wallis test and Mann-Withney post-hoc test, without Bonferroni 
correction (P<0.001).
reSUltS: the average pulpal temperature increase was 4.65 °c with a standard deviation of 0.99 °c for the DB 120 
ultrasonic tip and 5.40 °c with a standard deviation of 0.84 °c for the DB 60 ultrasonic tip. However, neither of the instru-
ments reach the medium critical level of 5.5°c reported in the literature, there are some single values who exceed it. there 
is statistically significant difference using tips with different granulometries within the two groups (P value =0.013).
coNclUSioNS: Ultrasonic tools are very performing to achieve results in repositioning and polishing of prepared 
tooth. the in-vitro analysis show that the pulp temperature increasing remains within the safe limits literature shows. it 
is important underline the polishing phase is the most critical and the clinicians have to pay attention to irrigation and 
pression to avoid pulp damages. Additional clinical studies have to be performed to confirm these results.
(Cite this article as: Baldi D, colombo J, Stacchi c, Menini M, oronos a, Pera P. Pulp vitality during ultrasonic tooth prepara-
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Ultrasonic instruments are very important de-
vices in dental practice. they could be used 

in different fields, usually in surgery1-4 and dental 
hygiene5 where the positive effect is amplified by 

using bicarbonate and glycine powder.6 in recent 
years some researcher developed prosthodontic 
applications: ultrasonic tips can be very useful in 
prosthetic dentistry to perform the finishing line 
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related heat production are the most important.
in particular, as for the traditional technique, 

heat production can invalidate surgery proce-
dures and osteointegration, causing healing dif-
ficulties24-26 or bone necrosis in cooperation with 
some others factors.27

the increase of temperature can be investigat-
ed also in ultrasonic prosthodontic applications.

literature shows that temperature augmenta-
tion could compromise pulp integrity.28-32

according to cohen’s paper33 more than 
5.5 °c of temperature increase could be cause 
of pulp damages. the passing of this limit deter-
mines pulp incremental reactions, until irrevers-
ible damages, necrosis and abscesses. the in-
vitro investigation is very important to fix some 
limits, knowing that in-vivo pulp reactions could 
be reduced by blood and saliva presence.34

For a clinician is very important knowing the 
potential temperature damage to pulp both dur-
ing finishing line repositioning and polishing.

the aim of this study is to investigate the in-
crease of temperature during finishing line repo-
sitioning and polishing using ultrasonic inserts 
and to verify if it remains within the limit of 
5.5 °c.

Materials and methods

As first 32 extracted tooth have been prepared, 
lower and upper molar without caries or restora-
tions pulled out due to periodontal causes.

initial prosthodontic preparation and end-
odontic treatment have been standardized by sili-
cone index. an endodontic treatment has been 
performed until apex preparation of 0.4 mm to 
allow a better thermo couple passage, then each 
tooth has been prepared with a round chamfered 
bur (6881.314.016 Komet, lemgo, germany) on 
a red ring handpiece to obtain a circumferential 
standard reduction of 0,8 mm and putting finish-
ing line 2 mm coronally to cementum-enamel 
junction (Figure 1).

the apex has been mantained available for 
heat measure. every tooth has been inserted in 
a stone box.

crownPrep and tipHolder systematic (Mec-
tron, carasco, genoa, italy) used with Multi-
Piezo device (Mectron, carasco, genoa, italy) 

repositioning and the refinement of a prepared 
tooth.7-10

Within last thirty years researchers involved in 
developing ultrasonic appliances investigated on 
biological effects upon tissues.11 the most im-
portant field of research were bone surgery and 
implant dentistry.12-14

Cutting precision and efficiency, atraumatic 
interaction with soft tissues, including nerves are 
advantages of piezoelectric surgery. Moreover an 
implant made with an ultrasonic equipment12-15 
gives an improvement of osseointegration whilst 
recognizing the increasingly positive effect of 
many others factors as implant’s surface s16-18 
and insertion torque.19

given that mainly a prosthetic procedure 
should not be traumatic for gums and that usu-
ally margin repositioning and finishing at in-
trasulcular level are performed with the aid of 
fine-grained rotatory burs in combination with 
various soft tissue retraction techniques we had 
to find out a new atraumatic procedure. Finally 
using those instruments it is unavoidable to 
damage the marginal periodontal tissue causing 
bleeding and possible gingival recession and 
making it impossible taking an accurate impres-
sion during the same clinical session.20, 21 on the 
opposite ultrasonic tools allow greater control 
by the operator, without getting gingival wounds 
during sulcus penetration and intracrevicular fin-
ish line preparation and polishing.22 really they 
selectively cut hard tissue preserving soft tis-
sue, which remains undamaged if touched. this 
item was demonstrated as well during sinus lift 
surgery when ultrasonic tip touches Schneider’s 
membrane.23

in fact, using piezoelectric ultrasonic vibra-
tion (25-30 kHz), ultrasonic devices precisely 
cut only mineralized structures (dental tissue and 
bone) without cutting soft tissues, which remain 
undamaged even in case of contact. the ultra-
sonic insert permits gentle finishing of dental tis-
sue without damaging gums so that the risk of 
soft tissue recession due to possible mechanical 
damage would be avoided, especially in patients 
with thin periodontal biotype.

However in piezoelectric surgery there are 
some important disadvantages in comparison to 
traditional procedures: cut slowness and pression 
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Human dependent variables have been stan-
dardized by a robotic arm (Figure 3), in particu-
lar movement repetitiveness and pressure, fixed 
in 90 g for the repositioning and 60 g for the pol-
ishing.

Both finishing and polishing tip worked on 
tooth surfaces performing 32 rides 5 mm length, 
in according with mean tooth dimensions. Dur-
ing rides an irrigation of about 28-30 ml/min 
was maintained.

a two-way thermocouple (k HD2128.1, Delta 
ohm, italy) (Figure 4) inserted in the endodontic 
space and linked to a software (Deltalog, ge-
noa, italy) was able to measure the variations 
of temperature during each ride. a table with 
32 results for each instrument was obtained and 
named group 1 (tip ta16D120) and group 2 (tip 
ta16D60) to perform a blind statistical analysis.

Statistical analysis

Statistical descriptive analysis about tempera-
ture has been performed by mean, standard de-
viation, medium, maximum and minimum. Due 
to asymmetric data distribution nonparametric 
Kruskal-Wallis test has been used, followed by 
Mann-Withney post-hoc test, without Bonferroni 
correction.

Results

collected temperature data were inserted in a 
table and sent to statistical analysis (table i).

the descriptive analysis shows that group 1 
(tip ta16D120) implicates a less average tem-
perature increment than group 2 (tip ta16D60).

(Figure 2) has been used for the finishing line 
repositioning (tip ta16D120 (Mectron, carasco, 
genoa, italy) and polishing phases (tip ta16D60 
(Mectron, carasco, genoa, italy) (Figure 3).

according to manufacturer instructions, ultra-
sonic device is settled on restorative function, 
irrigation level 6 and power level 5.

Figure 1.—round chamfered bur tooth preparation (upper 
line, red in the online vesione), finishing line 2 mm coronally 
to cementum-enamel junction (lower line, blue in the online 
version). Figure 4.—a two way thermocouple.

Figure 2.—MultiPiezo device.

Figure 3.—robotic arm.
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the analysis of data shows that in vitro the use 
of ultrasonic tips to repositioning finishing line 
and polishing tooth preparations is totally safe 
for dental vitality.

the average of temperature variations remains 
in a range of safety.

Although the extra fine diamond tip seems 
to be more dangerous, probably because of less 
thickness of diamond coating, causes more fric-
tion and heat production.

it is important to underline that an in-vitro 
analysis surely gives an higher heat production. 
in fact, as demonstrated by laurely et al.,34 in 
vivo the presence of blood and saliva gives a 
stopgap effect that limits temperature increase.

the most important criteria to do a safe work 
are: pressure applicated during tooth prepara-
tions and tips cooling.

Massironi showed that, using red ring hand-
pieces, a correct pressure is between 40 and 90 
g. it is presumably a good parameter also in rela-
tion to ultrasonic instruments, in according with 
our results. in fact applying stronger pressures in 
traditional tooth preparation intrapulpar temper-

temperature variations were correlated be-
tween two groups through Mann-Withney test 
(P value<0.001) and it shows no statistically dif-
ferences between the two groups (P value=0.013) 
(table ii, Figure 5).

Discussion

Baldi et al. showed that the use of ultrasonic tips 
is advantageous because soft tissues are never 
damaged and prosthetic phases are optimized.10

the attention has to be focused on evalua-
tion of potential pulp damages. as demonstrat-
ed in the past a temperature increment of 5.5 
°c starts to be damaging for dental pulp with 
various steps that could determine pulp necrosis 
and abscesses.

Figure 5.—Data distribution with indication of mean, stan-
dard deviation, minimum and maximum.

Table I.— Temperature data of group 1 and 2.

tooth
ΔT (°C)

group 1 group 2

1 5.65 8.65
2 4.40 5.30
3 5.55 5.55
4 5.35 5.50
5 4.85 5.30
6 3.00 5.20
7 4.00 6.10
8 5.30 5.25
9 5.45 4.35
10 5.45 4.80
11 3.60 4.70
12 5.30 4.75
13 5.60 5.20
14 5.00 5.05
15 5.40 5.40
16 5.00 5.70
17 4.40 6.35
18 5.20 5.20
19 4.70 6.30
20 4.15 5.55
21 4.25 6.10
22 5.70 4.40
23 4.70 4.85
24 5.20 5.80
25 2.70 4.60
26 5.05 5.10
27 2.15 5.20
28 4.75 6.55
29 4.90 6.00
30 4.95 4.65
31 2.05 4.45
32 5.20 4.90

Table II.— Descriptive data analysis and P value.
group 1 group 2 P value

Mean 4.65 5.40 overall: <0.001
group 1 vs. group 2 

=0.013
Standard deviation 0.99 0.84
Median 4.97 5.23
Minimum 2.05 4.35
Maximum 5.70 8.65

Group 1
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27
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32
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23
31
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6
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3.0

2.0

1.0

0.0

Group 2 Group 3 Group 4
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ature grows esponentially35 and surely it could 
happened in ultrasonic preparations too.

the cooling is a crucial factor. a lot of studies 
show that an insufficient or wrong cooling bring 
a very strong temperature augmentation.28, 36-38 
So it is important maintaining a correct cooling 
flow included between 30 and 40 mL/min.39 the 
water temperature could be lower than 30 °c.40

in conclusion it seems that the most important 
recommendation for clinicians would be to use a 
correct working pression and a strong control on 
cooling flow.

Following these recommendations it is pos-
sible to achieve best results and preserving pulp 
integrity.

Conclusions

Within the limitations of an in-vitro study, the 
ultrasonic prosthodontic applications show to be 
safe on maintaining pulp integrity.

the in-vitro analysis show that the pulp tem-
perature increasing remains within the safe lim-
its literature shows. it is important underline the 
polishing phase is the most critical and the clini-
cians have to pay attention to irrigation and pres-
sion to avoid pulp damages.

additional clinical studies have to be performed 
to confirm these results and monitoring them.
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