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ANALYSIS OF OSSEOUS TISSUE TEMPERATURE DURING PREPARATION OF RECIPIENT
BED FOR CYLINDRICAL IMPLANTS

lvashchenko AV B Yablokov AE, Tlustenko VS, Postnikov MA, Popov NV, Tlustenko VP, Tugushev VV, Cherezova NI, Mukhina AA, Belanov GN
Samara State Medical University, Samara, Russia

In the early 21t century, robot-assisted dental implant surgery became a popular alternative to classic implant placement protocols. Postoperative complications
are often provoked by poor compliance with surgical guidelines for implant placement, resulting in the overheating of the osteotomy site. The aim of this study was
to measure the temperature of osseous tissue at the dental implant site during classic and robot-assisted dental implant placement performed at different cooling
modes. Avital skeletonized mandibles of Vietnamese pot-bellied pigs were used as an experimental model. The recipient bed was prepared following the classic
surgical protocol. Three cooling modes were tested: no irrigation, irrigation with sterile saline at 256-30 ml/min and standard 75 ml/min irrigation recommended by
the standard surgical protocol. The temperature of the isotonic solution was 25 °C. The study showed that both classic and robot-assisted dental implant placement
techniques are safe if there is sufficient irrigation and good compliance with the surgical protocol.
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OLIEHKA TEPMOMETPUYECKNX JAHHbBIX KOCTHON TKAHU NMPY ®OPMUPOBAHNM BOCMPUHUMAIOLLIEFO
MATEPUHCKOI'O JIOXKA rnoa UinHaAPU4ECKUE AEHTAJIbHbIE UMIMJIAHTATbI

A. B. VBaweHko B9, A. E. S6nokos, B. C. Tnycterko, M. A. MocTHkos, H. B. Monos, B. M. TnycteHko, B. B. Tyrywwes, H. /1. Yepesosa, A. A. MyxuHa,
I H. BenaHos

CamapcKkuii rocyAapCTBEHHbIN MeAMLMHCKWIA yHBepcuTeT, Camapa, Poccns

YCTaHoBKa AEHTasIbHbIX VMMIAHTATOB C MPUMEHEHNEM MEXaHOTPOHHDBIX YCTPOMCTB MOMy4mna LUMPOKOe NpuMeHeHre B Hadane XXI B., Hapsay C Knaccuy4ecKnm
MMMNaHTONOMMYECKM MPOTOKONOM. OCNOXXHEHWS HepeaKo 00yCNoBeHb! HECOBNIOAEHVEM CTaHAaPTa XMPYPr4eCKOro NPOTOKONa NPOBEAEHNS AeHTaIbHOM
MMMNaHTaLmmM 1, Kak cneacTBue, NoBblleHneM (hokyca TemnepaTypbl B MECTE CBEPEHNS KOCTHOM TKaHu YentocTei. Lienbto paboTbl 6b110 OLeHNTb PoKyC
TemnepaTypbl KOCTHON TkaHW B 06M1aCTN YCTAHOBKM [EHTaNbHOro UMMaHTaTa, NMpoBOAMMON MO KIACCUHECKOM METOAMKE U C NMPUMEHEHNEM MEXaHOTPOHHOM
CUCTEMBI C PasNNYHON CTENEHBIO OXNaXKAeHNs. B KavecTBe aKCnepuMeHTanbHOM MOAENN NCMONB30BaIM aBUTASIbHYHO CKENETUPOBAHHYHO HUDKHIOKO YentoCTb
nopoceHKa BbETHAMCKOW BMCIOOPIOXO MopoAabl. B COOTBETCTBUM C KNACCUHECKUM XUPYPTMHECKM MPOTOKONOM ObII0 CHOPMMPOBAHO BOCTPUHMMAIOLLEE
MaTeprHCKOe NoxXe. ViccnefoBanve NpoBOAUM B TPEX PEXXMMaXx: Mpu OTCYTCTBUM MOfaqn N30TOHUHYECKOrO pacTBOPa, NMPU HeE3HAYUTENbHOM ero oobeme
(25-30 MI/MUH) 1 NPY OPOLLIEHWM PACTBOPOM B COOTBETCTBUN C XMPYPrMHECKIMM MPOTOKOMOM (75 M/MUH). Temnepatypa nofaBaeMoro N30TOHMHECKOro pacTeopa
cocTasnana 25 °C. Mo pesynstatam UccnefoBaHuvisl, U Knaccuyeckas MeTOAMKa YCTaHOBKN LIMMHAPUYECKNX AEHTANbHbIX UMMNAHTATOB, U UX MHCTANNAUNS C
NMPUMEHEHEM MEXaHOTPOHHOW CUCTeMbl 6e30MacHbl MPU YCNOBUM COBMIOAEHUST XMPYPrMY4ECKOro NMPOTOKoa 1 ¢ AOCTaTOYHbIM 06 beMOM NOLaBaEMOro
N30TOHNYECKOro pacTeopa.
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Robot-assisted dental implant surgery has become a popular
alternative to classic implant placement protocols [1, 2]. The key
risk factor for postoperative complications is poor compliance
with surgical guidelines for implant placement, resulting in the
overheating of the osteotomy site [3, 8]. Heating to over 48 °C
causes a thermal burn to stromal dental tissue and protein
denaturation. This prevents osseointegration between the
implant and the bone and eventually leads to implant failure
[4, 11].

The primary cause of an osseous burn during drilling is the
wrong choice of the bone cutting and cooling modes (drilling
speed >1,200 rpm, saline irrigation rate < 70 ml/min) [5, 9, 10].
During robot-assisted implant placement, saline irrigation must be
performed at 100 mi/min. Drill manufacturers (Dentium, Israel; MIS,
Israel; etc.) recommend that the maximum number of drill uses
during surgery should be limited to 40-45 [12—-15]. Discrete irrigation
of the surgical field during recipient bed preparation is not allowed
in both classic or robot-assisted dental implant surgery [6-8].
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The aim of this study was to measure the temperature of osseous
tissue at the dental implant site during classic and robot-assisted
dental implant placement performed at different cooling modes.

METHODS

The study investigated the response of the alveolar bone to
osteotomy and was carried out in 15 Vietnamese pot-bellied
pigs. Dental implants used in the study were cylindrical. The
recipient bed was prepared by drilling using an optic implant
handpiece fixed in the robotic arm; the drilling speed was 800
to 1,500 rpm.

In all 3 experimental groups, irrigation of the osteotomy site
was performed according to the guidelines for classic dental
implant surgery. Implants were inserted at 30—45 Ncm torque.
A total of 30 3.6 x 8.0 mm cylindrical dental implants (Dentium®;
Israel) were installed.

The animals were divided into 3 groups based on the drilling
speed and the type of surgical instrument (Table 1).

The choice of implant placement sites was based on the
similarity between jaw bone density in humans and the animals
used in our experiment.

Before proceeding to the main part of the study, we
computed the maximum optimal temperature during osteotomy
for implant placement in ANSYS 19.2 (Cadfem Company; USA)
(see Fig.).

The temperature of the bone matrix during osteotomy was
modeled at 3 sites: the site of bur tip/bone contact, in the apical
alveolar area of the prepared recipient bed and in the recipient
bed immediately after removing the bur.

While modeling the temperature during osteotomy, the
pressure of the drill on the bone and drilling time were assumed
to be constant.

Our assessments of thermodynamic osseous tissue states
confirm that an increase in the drilling speed to 1,500 rpm
provokes a proportional rise in t °C to the critical threshold of
60.2 °C, given that other drilling parameters remain unchanged.
An increase in the drilling speed to 1,500 rpm results in the
maximum temperature gradient rising from 37.6 °C to 60.2 °C
(i.e., by 22.6 °C).

Three cooling modes were tested: no irrigation, irrigation
with sterile saline at 25-30 ml/min and standard 75 ml/min

Table 1. Bone cutting modes during recipient bed preparation
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irrigation recommended by the standard surgical protocol. The
temperature of the isotonic solution was 25 °C.

We also studied the response of porcine mandibular bone
tissue to robot-assisted osteotomy using the device proposed
in [16]. For the “robotic” part of the experiment, similar cylindrical
dental implants (Dentium; Korea) were installed using a Surgic
XT Plus unit with an optic implant handpiece (Japan). The
following cooling modes were tested: 75 ml/min irrigation with
sterile saline recommended by the standard surgical protocol,
30 ml/min irrigation and no irrigation. The temperature of the
isotonic solution was 25 °C.

The pilot drill was installed in the optic handpiece; the latter
was fixed in the robotic arm. Using the joystick control, the
surgeon positioned the drill at the drilling site the preoperative
road map. Then, the protocol for automated bone drilling
was activated. Once the drilling was finished, the robotic arm
retrieved the pilot drill from the mouth cavity and the pilot drill
was replaced with the bed formation drill.

Temperature was measured using a Testo 104-ir infrared
probe thermometer (Testo AG; Germany). Prior to the
experiment, the skeletonized porcine mandible was exposed
to distilled water (t = 45 ° C) for 10 min. The temperature of the
osteotomy site before drilling was 36.8 °C.

The majority of the installed implants were in quadrants 3
(6 implants, 60%) and 4 (4 implants, 40%) in group 1;
quadrants 3 (7 implants, 70%) and 4 (3 implants, 30%) in group 2;
quadrants 3 (5 implants, 50%) and 4 (5 implants, 50%) in group 3.

During the experiment on the mandibular bone tissue of
pigs, we took temperature measurements of the bone matrix
at the osteotomy site. For the cooling mode 3, the peak
temperature was as high as 61.5 °C. For the cooling mode 2,
the maximum temperature was 52 °C. The optimal temperature
(89.1 °C) was achieved in the cooling mode 1.

Prior to the experiment, the animals’ body temperature was
taken, showing an average of 38.5 10 39.1 °C.

Table 2 shows the driling speed, the peak temperature
during driling and the duration of driling at different cooling modes.

The average temperature at the osteotomy site during
recipient bed preparation was 39.1 °C. For our experimental
animals, this value was close to normal temperature. Bur
temperatures over 60 °C during osteotomy resulted in the peak
bone temperature well above the physiological norm.

Grou Instrument Drilling speed. rom Number of installed dental Implant sites and number
P 9 speed, rp implants (in brackets)
Lind ide drill 800
indemann guide dri 35-9
Lindemann pilot drill 800 46-3
X 3.6-2
1 Harvest drill 800 10 301
Cortical drill 600 4.1 -1
K 3.3-1
Transfer piece 30-45 Ncm
Li i ill 1,2
indemann guide dri ,200 34-9
Lindemann pilot drill 1,200 45-1
- 33-3
2 Harvest drill 1,200 10 301
Cortical drill 1,000 42-2
-
Transfer piece 30-45 Ncm 8
Lindemann guide drill 1,500
Lindemann 1,500 36-2
ilot drill 1,500 i)
pilot dri , _
3 1o 33-2
Harvest drill 1,500 e
45-3
Cortical drill 1,200 46-1
Transfer piece 30-45 Ncm

BECTHVK PIMY | 2, 2021 | VESTNIKRGMU.RU




ORIGINAL RESEARCH | DENTISTRY

B: Steady-State Thermal
Temperature 4 C: Copy of Steady-State Thermal
Type: Temperature Temperature 5
Unit; *C Type: Temperature
Time: 1 Unit: *C
Time: 1
:57'96 M 51,9 Max
%'1 = 486
: 453
07 o«
d 289 "EL
; o 353
1 272 ] 3
25,5 L 87
37 N -
22 Min

C [k Copy of Stcady-Stale Thermal
Temperskure 4
Type: Tarvgavatury
Unt: "C
Time: 1

67 Max
5.9

Fig. Modeled temperature during osteotomy for dental implant placement. A. Temperature gradient from 22 °C to 37.6 °C (800 rpm). B. Temperature gradient from
22 °C to 51.9 °C (1,200 rpm). C. Temperature gradient from 22 °C to 60,2 °C (1,500 rpm)

The relative reduction in the rate of negative outcomes  RESULTS
in the main vs control groups, i.e relative risk reduction, was
400%. This value, along with the 95% Cl, means that the effect ~ The temperature of the osteotomy site in the mandible rose to

is clinically significant (Table 3). 41.3 °C from the initial value of 36.8 °C after 5 seconds of driling in
Table 2. Peak temperature during osteotomy for dental implant surgery at different cooling modes

Drilling parameters
Cooling modes
Drilling speed (rpm) Bone temperature at the osteotomy site (°C) Drilling time (s)
Mode 1 800 39.1 +0.22 45
Mode 2 1,200 52 +0.37 45
Mode 3 1,500 61.5 + 0.43 45

Table 3. Efficacy of dental implant surgery according to evidence-based medicine criteria

Group Positive clinical outcome
Yes No Total
Main 5 0 5
Control 15 0 15
RO 100.00%
RNO 20.00%
RR 500.00%
RRR 400.00%
CAP 80.00%
NNT 1.3
QOdds (main group) -
Odds (control group) 0.3
OR -

Note: RO — rate of outcomes; RNO — rate of negative outcomes; RR — relative risk; RRR — relative risk reduction; NNT — number of patients that must be treated
to prevent 1 negative outcome; OR — odds ratio.
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the absence of irrigation during the classic dental implant placement
procedure. Irrigation at 30 ml/min during 5 s of drilling resulted
in a lower temperature at the recipient bed site (39.4 °C). With
irrigation at 75 ml/min, the bone tissue temperature was 36.9 °C.

During recipient bed preparation, which involved bone
drilling for 10 s, the bone matrix was heated to 51.5 °C in the
absence of irrigation, 43.2 °C at < 30 ml/min irrigation and
39.6 °C at 75 ml/min irrigation recommended by the standard
surgical protocol. Heating to over 45 °C causes irreversible
changes to bone matrix.

Similar to the classic surgical protocol applied in the first part
of the study, the robot-assisted protocol involved placement
of cylindrical dental implants in the skeletonized portion of the
mandible. The initial temperature of the mandible was close to
human body temperature (36.8 °C). In the absence of irrigation,
the bone temperature at the osteotomy site rose to 42.4 °C.
When irrigation of the osteotomy site was delivered at
< 30 ml/min during 5 seconds of bone drilling, the
temperature of the osseous tissue at the osteotomy site
was 38.2°C. With irrigation at 75 ml/min, the temperature at
the osteotomy site was 37.1 °C.

During the preparation of the recipient bed, which involved
drilling for 10 s, the bone matrix was heated to 53.9 °C (in the
absence of irrigation), 45.7 °C (insufficient irrigation) and 38.9 °C
(sufficient irrigation according to the standard surgical protocol).
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DISCUSSION

At present, there is no consensus on the optimal drilling speed.
According to early reports, bone temperature rose proportional
to the drilling speed [17]. However, later studies revealed that this
was true only for the drilling speed of 10,000 rpm [18]. None of
the studies revealed any significant changes in the temperature
of a human cadaver bone during drilling at 345-2,900 rpm.
This means that a temperature rise was dependent on drilling
pressure more than on drilling speed. It was demonstrated that
low-speed, minimal-pressure drilling of bovine cortical bones
caused the same rise in temperature as drilling at higher speed
and higher pressure. It is high drilling speed and pressure that
allow osteotomy to be performed effectively [19]. At drilling
speed below 250 rpm, bone tissue gets fragmented at the
edge of the defect.

CONCLUSIONS

The analysis of osseous tissue thermometry data obtained
during osteotomy for the subsequent placement of cylindrical
dental implants revealed that both classic and robot-assisted
dental implant placement techniques can be recommended for
clinical use and are sage if there is sufficient irrigation and good
compliance with the surgical protocol.
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