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Introduction

Oral rehabilitation of total angbartial edentulismcan be challenging foeven the
experiencedlental and maxillofacigbrofessionals working in this field, howevéhne use
of osseointegrated dental implami@zve becomea routine procedure in the last couple of
decaded1]

Both hard tissue and soft tissue procesbas follow the insertion ofitanium, titanium
alloy and zirconia implants intliving tissuehave been thoroughly investigatsiice the
19600619 7afigy .

Besidesresearch concerningptimal design, material, and surface modification of
implants,there isagrowing interest among surgeons to achieve the best possicleme
by means oprecise preoperative planning and intraoperative placemdimé afhplants.

Computerassisted planning andtraoperativeguided surgery hagained more and more
field in oral implantology and is advantages concerning minimal invasivity apdimal
implant placement isppreciated by the literatuf8, 4], however,systematic reviews
emphasize the need flurther,high-quality evidence concerningng-termclinical data to
justify the additional costsderiving from purchasing thesoftware system and
manufacturing the surgical guides, as well asr#flugationcaused byhe mandatorgone
beam computed tomographyBCT) imaging. [5, 6] As the availability of 3D printing has
significantly grown in the last couple of yeargvsralguide system$aveentered the
market thus, research coneceng every aspect of this rapidgvolving field are of big

interest.

Osseointegration of implants

Screwshapedmplans are inserted into living bone to providebility in the following

conditions:

a) osteosynthesis witbcrew fixation
b) plateosteosynthesijs
c) prosthetiaehabilitation using dental implants,

d) orthodontic anchorage using nimplants.
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Overall stabilityat the implanbone interfaceat any timeis the sum ofthe secalled
primary stability and secondary stabilijfter insertion,it is provided byprimary stability,

that isa purely mechanicgthenomenopand isaffectedby the following factors:

a) macremorphology of the implant,

b) method of implant bed preparation (e.g. prEsmethod[7] or regulardiameter
fitting),

c) sink depth,

d) the surface morphology of the implant.

As time goes on after insertion, primary stabildgteriorates, however, a -salled
secondary stabilitgraduallybuilds up.Secondary stability is provided hlye apposition
of bone onto the implant surface, and thiglogical process is called osseointegratifi].
Osseointegration of implantes beerestd e f i n & direcistsuctuiial and functional
connection between orderelidjing bone and the surface of a lchearing impland by
Listgarten et al[8] This phenomenon providdgke possibility for a longermload-bearing

sygem
Guided implant placement

Adequate oral prosthetic rehabilitationbbased on the optimal placement of ttental
implant in reference to thadividual anatomy of the patienthe latter objective can only
be achieved if

1. adequately precise anatomical informati®available
2. this information can be used for preoperative planning,

3. and this preoperative plan can be transformed into reality in the operative field.

If an optimal implant position can be achieved, it passumably lead toadvantages in

terms of longterm survival.

The availabilityof conebeam computed tomography (CBCWas the prerequisite for a
rapid evolution in guided implant surgery, as it providddquate imaging data withwer
radiation [6, 9] Loubele et al. have shown thdgntemaxillofacial CBCT imagingresults
in 13 to 82eSv of effectiveradiation whereas mulislice computed tomography (MSCT)

of the same anatomical areesults iMd74 to 116& Sv. [10]
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Fig. 1.7 User interfacdor preoperative planning in implantologynage courtesy of
dicomLAB Kft., Szeged, Hungary).

Guided systems all have a software interface desifmethe planning of the implant

placement. Jung et al. hagiided guided systems into two main categoftds

1. dynamicsystems,

2. staticsystems.

This categorization has been used by otiesearchers as weJlL1] Dynamic systems use
optical tracking technologies to follothe position of the handpiece as well as reference
points of the boneand shows the projected pathimiplant placement on a virtual model
of the bone based on preoperative imagimpuchard etal. have founda mean error of
implant placement a2.10 +/ 0.88mm on pig mandible§l2], whereadVittwer et al. hae
found a mean error of 0rBmin a clinical study involving 78 implantglL3] Static systems
use preoperatively fabricatgdidesthat aregemporarily retained on either teeth or mucosa
intraorally, thus, providing n@ossibility for intraoperative changetime projected implant
position.Preoperative planningcludes CBCT imagingand either taking anmpression

or performing intraoral scannings metaanalysis performed by Tahmaseb et al. have
found that the staticnethod has @otal meanerror of 1.12nm at the entry point and
1.39mm at the apex of the implant when compared to the preoperativetiptggnhave

found a failure rate of 2.7% after at least 12 montHsltdw-up. [6]
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Fig. 2.7 A 3D-printed, patientspecific surgical guide fadentalimplant placement
(image courtesy of dicomLAB Kft., Szeged, Hungary)

Block and Emery suggest the use of eithestatic ora guided implantsystemin the

following caseg11]:

1. the need for a flapless approach,
2. the need foaccurate intermplant spacing,
3. the need for accurate angulation:
a. implant placement in the aesthetic zone,
b. prosthetic rehabilitation using screetained prostheses,
4. the need foaccurate depth control:
a. risk of nerve injury,
b. implant placement adjacent tiee sinus floor

c. bicortical implant placement.

Bone drilling

As application of metal implants have become a mainstay of musculoskeletal trauma
surgery, orthopaedic surgespinesurgery, maxillofacial surgery, and oral implantology,

drilling of bone has become one of the most common basic surgical[$#ps.
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Fig. 3.7 Virtual model of &-fluted drill bit used for implant site preparatios: shank,n

T neck,fi flute, ci cutting edge.

A typical surgical drill consists of three major pagkank,body that contains the flutes,
and a drilltip. The shank is the patthat is connected into the surgical handpiece, thus, it
transmits the rotatorpower onto the drill bit. The flutes ardther helical or straight
concavestructurescut into the body of the drill, and are pessible for the removadf
debris or bone chipgbat iscreated at the tip of the driNMost surgical drills are either two
fluted or threefluted drills.[14, 15]
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Fig. 4.1 Important angles and diaeters of the tip of a-2luted implant drill.U- drill point

angle b1 clearance angled - drill diameter, w- web thickness

Drills are manufactured with different drill point angle. The drill point angltneangle
between tw cutting edgemeasured in a sagittal plaiwhereas clearance angle is the angle

at which the flank (i.e. the necutting par} clears the bone debrid 5]

Thermal osteonecrosis, thermal damage

Rotatory cutting results in frictiorgnd friction resultsn heat generatiarConsequently,
temperature rises in the bone tissue surrounding the canal that is dslledne has a low
thermal conductivity[16] Eriksson and Albrektssgoerformed thig now classic study in
vivo on rabbit tibiae, using a thermal chamber. They have establishexhthdtaosseous
temperature of 47AC for 1 minute is the

osteonecrosigl7]

High intraosseous temperatutees not only affect the viability of bone, but#n cause
nerve dysfunction ifte accumulation of heat presents near the bony cdrlaé inferior
alveolar nervethus, care should be taken to usedp#mal bone preparation method and
a cooled irrigation fluid when performing osteotomies near the can#lhas been shown
by Szdma et al[18]

Parameters affecting intraosseous temperature rise

Augustin et al. havdivided bone drilling parameters into two magpoups:a) parameters
of the drill, b) parameters of drillingearameters of the illrinclude drill design elements,
such as the numband the desigof flutes, drill point design, and drill point angle, drill
diameter, as well as drill material and drill wear. Parameters of bone drilling irdritlohe
speed, feed rate, drilling emgyy, the method of cooling (i.e. interpadxternal, or the

combination of the two), drilling depth, pdrilling, and cortical bone thickned4.4]

t

hr
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The effect of different drill point angle on intraosseous temperaturehease been

addressed by different research groulasgustin et al. have investigat€d0 A, afd0 0 A,
120A, whereas Hil |l errOyA,e t8 0aAl,. ahnadv €9 OiAn vdersitlil g :
found no significant difference in terms of temperature rise between {i®&m20]

Increasing drill diameter results in an exponentially increasing intraosseous temperature
during drilling, as it has been shown by Augustin etat Kalidindi.[19, 21] Drill wear

is caused by the repeated use and sterilization of drills, and has been shohacby et

al. and Allan et al. to cause inased temperature elevatid@2, 23]Under10000 RPM

the increase of drilling speed results in increasing intraosseous temperature, as it is

confirmed by several authofd.9, 24, 25]

The effect of irrigation and intraosseous temperature on osseointegration

The real relevance of the control of imisseous temperature rise and the avoidance of
thermal osteonecrosis during implant bed preparation lies in its effect on the possible
histological changes at the impldmine interface, that might indicate timpairment of

the process of ossintegrationHowever, most of the available literature concentrates on
the elucidation of the numerous aspects and parameters that might influence the
intraosseougemperature A histological study by Isler et al. have shown tlkabled
irrigation fluid at a temperatue o f 4 A @Gnore actve bstesblasts ramdmore

dynamic bone marrow26]

Temperature rise in guided surgery

Since the introduction of surgical guides in oral implantology, there waa@rn among
surgeons regarding the effectivity efigation during drilling, as it seesnreasonable to
doubt that the irrigation fluid reaches the drill bit the same way aees$ @h case of
conventional freehand implant bed preparation. This concern was further empowered by
the results of Misir et al. mo have found thaguided drilling results in a significantly higher
increment.[27] However, h another studypy Jeong et al.the difference between the
guided flapless and flap techniquesterms of temperature risgeasnot beensignificant

[28], and wo otherstudieshave showrhat the heat caused byilting in a surgical guide
staysin the safe zong29, 30]
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Research questions
Thepresentdworksfocused on the following mairesearctguestions:

1. What intraosseous temperature rises may occur during guidpthnt site
preparation if no cooling is applied?

2. Does external cooling efficiently control intraosseous temperature rise during
guided implant site preparation?

3. Does the use of cooled irrigation fluids provide better temperature control during
guided impant surgery?
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Investigation No. 1.

Aims

The aim of investigation No. 1. was to perform a pilot studydleatribes the importance

of external cooling in guided surgical implant site preparation.

M aterials and methods
Bone model

Drilling was performed on cortical bovine rib bones. The use of bovine bone is beneficial
because of its thermophysical and anatomical properties, as well as its good availability
and easy handling. Davidson et al. have shakat bovine cortical bone is thermally
isotropic and the value of its conductivity is likely to be around that of the human cortical
bone[16] Yacker et al have performed CT scan of bovine bones and have concluded that
bovine cortical density is about 1,460, while typical human mandible cortical density

is between 1,400 and 1,660J.[31] Cortical bone thickness of the human mandible has
been investigated in 2007 by Katranji et al., finding the average edentulous cortical
thickness to be between 1.0 and 2.0 mm and the dentate cortical thickness between 1.6 and
2.2 mm[32] Value of thickness amongst our bovine rib specimens varied between 1.5 mm
and 2.7 mm, suggesting that its anatomical properties are comparable to that of the human
mandible. These data from the literature and oun awatomical measurements suggest
that bovine rib bones provide a good model of the human mandible for scientific

experiments.

The ribs were derived from the same animal and were treated as described by Sedlin and

Hirsch{33]: the specimens were frozentb0 AC i n saline solution w
the measurementstoplacet he speci mens were warmed to 36
of the bone was checked before everyCdrill]i

the specimen was placed back in the warming device.

Infrared thermographic studies performed by Augustin et al. have shown that the generated
temperature rise reaches its peak in the cortical layer of th¢3ddnhus we designed an
experimental setting in which we can measure the bony temperature around the drilled
canal right before it reaches through the cortical layer, representing the peak of intreosseo

heat generation. Flat parts of the bovine ribs were divided and cut into segments as long as
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attachment of the surgical guide containing 3x8 drilling holes to it was possible. After that,
the edges were cut from the ribs in a longitudinal fashion, ieltb by cutting the
specimens into two halves through its cancellous bone layer, parallel to the flat surface of
the bone. This was followed by the removal of the remaining cancellous bone tissue with a
chisel. Thus, we could prepare quasi flat bone spawroentaining only the cortical layer

(see Figurey.).

N

'

—-—-r—--

N

----r---

(a) (b) (c)

Fig. 5.1 Method of preparing cortical bone layer specimens from bovine ribs. *: cortical
layer. #: cancellous layer. White arrows and interrupted black lines: the represent the

directions inwhich cutting was performed.

Setup

Heat measurement was performed with an infrared thermometric device (VolteB89|R
Conrad, Germar)y The device is equipped with two lasers crossing each other at the focus
point of the infrared measurement, providgapd ability to aim the device at the point of

exit of the drill. In case of drilling through a preformed canal of lesser diameter by 0.5 mm
(as it happens from the 2nd step of the drilling sequence), the thermometer was pointed

immediately next to the &of the canal $eeFigure6.)

As the specimens were flat cortical parts of the bovine ribs, a universal surgical guide was
designed containing 24 guiding canals in 3 colunBse(igure 7.). The guide was

10
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manufactured using the same standards agultes of the Smart Guide system (Smart

Dental Solutions Ltd., Szeged, Hungary), 3D printed (printer: ProJet 3510 MP), using the
(VisiJdet

same materi al

standard pins into pin holes placed in fbwr corners.

Stonepl ast) .

Fi xat

Drilling was performed by the same experienced dentoalveolar surgeon in order to achieve

guasi constant applied pressure. Slight pumping drilling motion to facilitate the transfer of

the heated debris from the canal was applied. The surgg®not able to see the screen of

thethermometerthus,it was not affecting his usual drilling motion and the pressure applied

by him. Drill speed was set to a constant 800 RPM as it is advised by the manual of the

Smart Guide system used in this study.

(d)
(b)  (c) mwmm

M

(f)

(e)

(h)

Fig. 6.7 The experimental setting. (a): drilling. (b) and white arrow: external irrigation.

(c): surgical guide. (d): cortical bone specimen. (e) and black arrow: direction and focus

point of infrared thermometric measurement. (f): infratkermometer. (g): display of the

thermometer, visible to the video camera. (h): video camera. (i): adjustable and rotatable

clamps for fixation.

11
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Fig. 7.7 Plan of the universal surgical guide for flat bone specimensp@med according
tothesameguall i nes as the Smart Guide systembs (

Hungary) oral surgical implant guide.

Every step of the drilling sequence was investigated. The applied implant preparation
system includes the subsequent use of drills of the fatigwiameters: 2.0 mm, 2.5 mm,

3.0 mm, and 3.5 mm.

External cooling was applied by the assistant with a standard 50 ml syringe at the point of

the drill entering the metal sleeve of the canal in the drilling guide. Standard saline solution

at aroomtempetaur e of 25AC was used as cool ant I
cooled back to room temperature after every single drilling.

Collection of data and statistical analysis

Baseline and peak temperatures were collected to one decimal point in a spredesheet
Microsoft Excel 2018v15.0) (Microsoft Corporation, Redmond, WA, USA). Temperature

elevations were calculated as peak temperature minus baseline temperature to one decimal

12
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point using the spreadsheet. After converting the dataset of temperatwatoakevo a
comma separated values fiie,was statistically analysed usirRStudio(RStudio Inc.,
Boston, MA, USA) software. Two samphédst was computed in case of similar variances
of the two compar e-tst\gas osadirscase affdithg vAfegahcesh 6 s

The level of significance was set a priorl&0.05.
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Results
The first step of the i mplant systemos

drill. 48drillings performed with the use of external irrigation produced a mean temperature

roi
it
t o

S e

me s

of 4 .

out

77AC,

of

whi

48

e i

dr i

n

case

i ngs

of

4 8

case, while no drilling exceeded it if external cooling was appfiedTablel.).

Drilling | Diameter of Drill
_ . Mean p-value
speed the canal | diameter | Cooling i SD n
a( A( (*<0.001)
(RPM) (mm) (mm)
800 0.0 2.0 + 4.77 1.90 48
7.438 x
1006*
800 0.0 2.0 - 7.02 2.67 48
800 2.0 25 + 5.22 1.36 48
2.068 x
10-08*
800 2.0 2.5 - 8.48 3.25 48
800 2.5 3.0 + 3.32 1.23 48
9.974 x
1014*
800 2.5 3.0 - 8.48 2.95 24
800 3.0 35 + 4.75 1.28 24
5.138 x
1006*
800 3.0 35 - 9.40 3.73 23

Tablel.i Number of drillings, mean of temperature rise, standard deviation, and level of

significance comparing cooling to no cooling for every step oflithiéng sequence.

dr i

wa s seeTalfled.p The (ifference was statistically significant (p8@1). Eight

t he perfor med

14
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Drilling | Diameter of o

speed the canal Drill diameter Cooling No1o kR Y%noio0ac

(RPM) (mm) (mm)
800 2.0 + 0/48 0.0%
800 2.0 8/48 16.7%
800 2.0 2.5 + 1/48 2.1%
800 2.0 2.5 17/48 35.4%
800 2.5 3.0 + 0/48 0,0%
800 2.5 3.0 18/24 75.0%
800 3.0 3.5 + 0/24 0.0%
800 3.0 3.5 10/24 43.5%

Table2.T Nu mb er

of temper at uneeo)and grepsrtioreof thesee di n g

amongst measurementsiiga o)sfer every step of the drilling sequence.

During the second step of thelling sequence (being 2.5 mm drilling of the 2.0 mm canal)

t he mean

risesexceeding the threshold was 1 out of 48 with cooling and 17 out of 48 without cooling

(seeTable2.).

Throughout the third step of the drilling sequence (being 3.0 mm drilling of the 2.5 mm
temperatureACi wiet wWasee3c 8@aAK

canal) the

me an

temperatur e r

Sse was

5.

2sg@efiaBle wi t h

1.). The difference was statistically significant (p<0.001). Number of measured temperature

Tablel.). The difference was statistically significant (p<0.001). No cases out 48 drillings

exceeded the threshold for temperature rise with the use of external irrigation, while

without the use of it 18 times out of the 24 perfechdrilling was the increase exceeding
the limit (seeTable2.).

During the fourth step of the drilling sequence (being 3.5 mm drilling of the 3.0 mm canal)

t hhe mean

temperatur e

r

s e wa s

4. 75AC

i f

external cobng was applied gfeeTable 1.). The difference was statistically significant

(p<0.001). Number of measured temperature rises exceeding the threshold was 0 out of 24

with cooling and 10 out of 24 without coolingeeTable2.).

Boxplot diagram presentatiai the distribution of measured temperature rises can be seen

on Figure8.

15
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Investigation No. 2.

Aims

The above presented results of investigation Nosulggested that the question of
intraosseous temperature rise in a guided setting should be studied in an experimental setup
thatcontrols more possible factors, suchaagal load and the flow of externatigation.

The results of ouresearch group in the new setting has showntttgatise of 800 RPM

drilling in such a settings safe [35] The aim of the presented experimental investigation

No. 2. was tgerform a comprehensive assessment of the combination of the several factors
affecting temperature rigguring implant site preparatiat higher drilling speed$at are

widely used in implant dentistry.

The combination of the following factovgasassessed in the study:

a) surgicalmethod: guide vs. freehand drilling
b) drilling speed: 1200 vs. 1500 vs. 2000 REM
c) temperature of the irrigation fluid: 10A@s.1A@s. .20AC

Another important element of this experimental design was the elimination of the human

factor in terms o&xial load during drilling

Materials and methods
Bone model

The bone model used in the presented investigation was bovine rd) &®rseveral
available data suggest that ititeal forin vitro experiments in oral implantologihe

properin vitro bone modebears the following characteristics:

a) idealcortical thickness,
b) ideal thermal conductivity,

c) idealcortical density.

A study by Katranji et al. have shown thia¢ mean cortical thickness of human mandibles
fall between 1.6 and 21/®m [32], thus,boneswith a cortical thicknesm the same range
were chosenln terms ofthermal conductivity, Davidson and James have concluded that
bovine ribs are thermally isotropic asdow similar thermal conductivity when compared

to human mandible§l6, 36]An investigation by Yacker and Klein hasieown that bovine

17
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ribs havea cortical density around 1,400J, beingsimilar to that of the human mandible
as well.[31] The bone segments usadring our experiments were derivingfin the same
animal. The animal was not sacrificedorder to perform our investigatiorstorage of the
bone segments when not useds following the protocol established by Sedlin and Hirsch

in standard saline solution, at a temperaturd dd A[%3]

Setup

The study design was designed to investigate both guided and freehand implant bed
preparation techniques. In case of the guided surgical drilling group, drillings were
conducted using a 3Printed surgical guide thdit well on the quasflat surface of the
specimens. The guide was designed using the same principles and protocols as in case of
every surgical guide of a commercially available implantological guide system
(SmartGuide, dicomLAB Kft., Szeged, Hungargihd contained 2x5 guiding canals with a

metal insert, and was able to accommodate the metal guiding spoons that are designed to
guide the drill bits of different diametersegFigures9-14.) The guide was designed in a
fashion that allowed hermocouple to be placed in close proximity to the canal to be drilled
(seeFigures13. and 14.). Measurement beds were placed right at the point where the
guiding canal of the guide reaches the bone surface, using anotipgm8tl guide for
precision.In case of freehand surgical drillings, the entry points were marked on the bone
surface using the same guides as in case of the guided surgical groups, but the guides were
removed. Measurement beds for freehand drillings were placed using the sameaguides

in case of the guided subgroupsedFigures 11. and 12) All measurement beds were
prepared with a depth control of 1.8 mm to ensure that they are still in the cortical layer of
the bone, as a study investigating heat distribution during drillingirooed that peak
temperature during drilling develops in the cortical layer of the p@dleAfter placing the
thermocouple inside the bed, it was tightly fillevith cortical bone chips of the same
animal, and the bed was insulated with plasticine to avoid any direct contact with the
irrigation solution, that might influence the measuremersse (Figure 14.). The
measurement beds were in the following distanme the canal to be drilled: 1.0 mm when

using the 3.5 mm drill bits, 1.25 mm when using the 3.0 mm drill bits, 1.50 mm when using
the 2.5 mm drill bits, and 75 mm when using the 2.0 mm drill bits-tipe thermocouples

were used for theneasurements amdere connected to a measurement device (Holdpeak
885A, Holdpeak, China). The bone specimens were carefully warmed to a value around
body temperature (37N1AC). The temperature

18
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baseline temperature from the péakperature measured. Osteotomies were performed in
a regular fashion with the drill passing through the cortical layer of the bone down into
cancellous bone. The drillings were terminated when the continuously measured cortical
temperature reached its freand did not show any further tendency to elevate, thus the

time factor was not investigated in the experiment.

A bench drill (Bosch PBD 40, Bosch, Germany) was used for the experiments. The axial
pressure was controlled at a level of 2.0 kg, as revieggest that it is widely used in
similar studief37, 38] and it can be considered as a light hand pressure exerted during
implant sitepreparation.

External irrigation was conducted using a widely used surgical unit (W&H Implantmed Si
923, W&H, Austria) and a widely used, standard cannula (W&H, Austria). The flow was
105 mL/min. Normal saline was used as an irrigation solution. Thetioigéuids were
used on three differentpeeet t emper atures: 10AC, 15AC,
drillings were only initiated if the temperature of the fluid was around the wantexkpre
value (N1AC).

In case of 2.5 mm, 3.0 mm, and 3.5 mm drgh, the canals were predrilled with 2.0 mm,

2.5 mm, 3.0 mm drills respectively.
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Fig. 9.1 Computerbased planning of the surgical guide for the experiments.
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Fig. 10.7 Virtual plan of the surgical guide.
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Fig. 11.7 Computerised planning of the surgical guideriegasurement bed preparation.
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Fig. 13.7 Guided surgical drilling setup.
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(5)

—
=

N
N

(2

(8)

(9)

Fig. 14. 17 Crosssection representation ofehguided surgical drilling setufgl) surgical

drilling guide, (2) guidinghole, (3) guiding sleeve, (4) projected axial path of the drill bit,

B) Kt ype ther mocoupl e dagainsi dripping irrigaon fludn(B)ul at i c
measurement holeith the tip of the Kype thermocouple, tightly filled with bone chips,

(8) cortical bone, (9) cancellous bone, (H§tance of the thermocouple from the dnj.

Collection of data and statistidanalysis

Baseline and peak temperatures were collected to one decimal point in a spreadsheet file
using Microsoft Excel 2013 (v15.0jMicrosoft Corporation, Redmond, WA, USA).
Temperature elevations werelculated as peak temperature minus baselinegetype to

one decimal point using the spreadsheet. The values were statistically analysed using
Statistica for Windows 10.(5tatsoft, Tulsa, OK, USANormality of distributions was

tested using Shapi@ilk test. Oneway ANOVA with posthoc Tukey HSD tst was
planned to be used in case of normal distributions, and KrgkHdis ANOVA was

planned to be used if nerormal distribution was detected.
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Results

1200 RPM drillings

Results for the.200 RPM drilling groups can be summarized as the following:

1)

2)

3)

4)

5)

6)

1200 RPMfeehand drilling with 10AC irriga
temperature increment as compared to th
diameter of the drill.

Whencomparingf r eehand drilling with 10AC irri
20AC irrigation, a significant differen
same drill diameter, with the exception of 3.5 mm drill diameter groups.

When 10ACi friegdtaindn was compared with 1
difference was significant at 2.5 and 3.0 mm, indicating the superior efficiency of

lower temperature irrigation.

Guided1200 RPMdr i | i ng with 10AC irrigation
tempera ur e i ncrement as compared to the 21
diameter of the drill.

When compared to the 20 AC freehand gro
guided group was significantly more marked at all diameters, except for 3.5 mm.

When the 10 AC guided group was compared
lower temperature rise was found at 2.5 and 3.0 mm in comparison to the guided

technique, and at 3.0 mm in comparison to the freehand technique.
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Fig. 23. 7 Boxplot representation of temperature rise in case of 1200 Rédhand
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Fig. 24. 1 Boxplot representation of temperature rise in case of 1200 RPM guided drilling

combined with the use of irrigation fluid
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Fig. 25. 7 Boxplot representation of temperature rise in case of 1200 RPM gdidkzaly

combined with the use of irrigation fluid
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Fig. 26. 1 Boxplot representation of temperature rise in case of 1200 RPM guided drilling

combined with the use of irrigation fluid
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Pre-set
Drillin Drill . temperature .
spee%l diameter ?nué?rlmiﬂ _ _c?fthe Me an T SD Mq‘;l).i_'mu'(m/
(RPM) (mm) irrigation
fluid
1200 2.0 freehand 20 1.7 0.7 3.7
1200 2.5 freehand 20 2.8 1.2 6.3
1200 3.0 freehand 20 3.1 1.1 4.8
1200 3.5 freehand 20 3.3 1.5 8.4
1200 2.0 freehand 15 0.7 0.5 1.6
1200 2.5 freehand 15 1.1 0.5 2.0
1200 3.0 freehand 15 1.7 0.7 3.2
1200 3.5 freehand 15 1.9 0.7 3.4
1200 2.0 freehand 10 0.1 0.6 1.7
1200 2.5 freehand 10 0.2 0.5 1.2
1200 3.0 freehand 10 0.7 1.0 2.9
1200 3.5 freehand 10 1.5 0.7 3.3

Table3. 1T Mean, standard deviation and maximum of temperature elevation of 800 and
1200 RPM freehand drillings

Pre-set
Drillin Drill . temperature .
spee% diameter ?nu;?r']%e:jl _ _c?fthe Mean T SD qu;n_i_lmuzn/
(RPM) (mm) irrigation

fluid
1200 2.0 guided 20 2.6 0.9 4.5
1200 2.5 guided 20 3.5 1.5 6.8
1200 3.0 guided 20 4.4 1.4 7.9
1200 3.5 guided 20 4.9 1.7 9.6
1200 2.0 guided 15 1.4 0.5 2.5
1200 2.5 guided 15 1.9 0.7 34
1200 3.0 guided 15 25 0.9 4.8
1200 3.5 guided 15 2.8 0.8 4.3
1200 2.0 guided 10 -0.0 1.2 2.5
1200 2.5 guided 10 -0.0 0.8 2.6
1200 3.0 guided 10 0.1 0.8 1.4
1200 3.5 guided 10 1.4 0.6 3.0

Table4. 7 Mean, standard deviation and maximum of temperature elevation of 800 and
1200 RPMguided drillings

27



Krist -

f8Boa, 201 Investigation No. 2.

1500 and 2000 RPM drillings

Results of the 1500 RPM drilling group can be summarized as the following:

1)

2)

3)

4)

5)

6)

7

Guided 1500 RPM drilling with irriga
exceeding the 10AC | i midrilbitdiameterss e o f

with the mean exceeding 11. 0AC in ca:
Freehand drilling with 20AC irrigatio

and the means to stay. below 8. 0AC fo

The mean freehand values were significatdhyer compared to guided

drilling with irrigation at 20AC at
(p=0.000) diameters
The use of 15AC irrigation managed to

bel ow 8. 0AC at the diameter 706 ATx)5 m
and freehand (a mean of 7.3AC) surge.
When wusing 15AC irrigation, no stat
detectable between the two methods, with the exception of the 3.0 mm
diameter, where guided surgery produced significantly higher values
(p=0.032)

With the use of 10AC irrigation, eve,|
single measured .value exceeded 7. 1AC
The use of 10AC irrigation managed t

significantdifferencebetween the two surgical methods.

Results of the 2000 RPM drilling group can be summarized as the following:

1)

2)

3)

For the 20AC irrigation guided drill;i
in case of the 3.0 and 3.5 mm guided, and the 3.5 mm freehand.groups
Moreover, for guided drillingswit 20AC i rri gati on, t he
reached 13.0AC in case of 2.5 and 3. (
groups

Guided drillings with 20AC irrigati ol
of temperature elevation compared to the freehand grougdsdiameters

(2.0 mm (p=0.039), 2.5 mm (p=0.001), 3.0 mm (p=0.047) and 3.5 mm
(p=0.000))
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4) The means exceeded the limit in case of guided 3.0 and 3.5 mm drilling
groups with.15AC irrigation

5  Freehand drillings with 15ACforialrri gat
diameters

6) Wh e n usi ng 15AC irrigation, gui ded
significantly higher temperature changes compared to freehand drillings at
the 2.0 mm (p=0.000), 3.0 mm (p=0.000) and the 3.5 mm (p=0.000)
diameters

7) Nomeansexceedked W AC, and no single measuren
exceeding 8. 9AC when 10AC irrigation

8 When using 10AC irrigation fluid, no

between guided and freehand drilling.

Basic statistics, including mean values,nsi@d deviations and maximum values are

shown in Table 5-6. for every investigated group. All statistically significant differences

are noted in the text above. Boxplot presentation for all studied groups can be seen on
Figures27-38.

AT(°C)

2.0 25 3.0 3.5

drill diameter (mm)

Fig. 27. 1 Boxplot representation of temperature rise in case of 1500 RPM freehand

dr i

ng combined with the use of irrigati
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Fig. 28. 1 Boxplot representation of temperature rise in case of 1500 RPM freehand

drilling combined with the use of irrigai on f 1l ui d at 15AC
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Fig. 29.17 Boxplot representation of temperature rise in case of 1500 RPM freehand

drilling combined with the use of irrigati
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Fig. 30. 7 Boxplot representation of temperature rise in case of 1500 RPM gdidkzaly

combined with the use of irrigation fluid
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Fig. 31. 1 Boxplot representation of temperature rise in case of 1500 RPM guided drilling

combined with the use of irrigation fluid
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Fig. 32. 1 Boxplot representation of temperature rinecase of 1500 RPM guided drilling

combined with the use of irrigation fluid
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Fig. 33. 7 Boxplot representation of temperature rise in case of 2000 RPM freehand
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Fig. 34. 1 Boxplot representation of temperature rise in case of 2000 RPM freehand

drilling combined with the use of irrigati
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Fig. 35. 1 Boxplot representation of temperature rise in case of 2000 RPM freehand

drilling combined with the use of irrigai on f 1l ui d at 20AC
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Fig. 36. 1 Boxplot representation of temperature rise in case of 2000 RPM guided drilling

combined with the use of irrigation fluid
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Pre-set
Drillin Drill . temperature ,
spee%l diameter ?nué?rlmiﬂ _ _c?fthe Me an T SD Mq‘;l).i_'mu'(m/
(RPM) (mm) irrigation
fluid

1500 2.0 freehand 20 5.8 1.6 8.4
1500 2.5 freehand 20 7.0 0.6 7.7
1500 3.0 freehand 20 7.1 0.6 7.9
1500 3.5 freehand 20 7.8 0.5 8.8
2000 2.0 freehand 20 6.6 15 9.5
2000 2.5 freehand 20 8.3 0.5 9.2
2000 3.0 freehand 20 9.7 0.5 10.6
2000 3.5 freehand 20 10.2 0.7 11.3
1500 2.0 freehand 15 54 1.0 7.6
1500 2.5 freehand 15 5.8 0.9 7.3
1500 3.0 freehand 15 6.3 0.9 7.9
1500 3.5 freehand 15 7.3 1.1 9.2
2000 2.0 freehand 15 6.2 1.0 7.8
2000 2.5 freehand 15 7.3 0.6 8.1
2000 3.0 freehand 15 8.0 0.8 9.1
2000 3.5 freehand 15 8.6 0.7 9.6
1500 2.0 freehand 10 3.7 0.7 5.8
1500 2.5 freehand 10 4.3 0.7 5.9
1500 3.0 freehand 10 4.7 0.7 6.2
1500 3.5 freehand 10 5.3 0.8 6.4
2000 2.0 freehand 10 4.7 0.6 5.7
2000 25 freehand 10 5.0 0.7 6.0
2000 3.0 freehand 10 6.2 0.8 8.9
2000 3.5 freehand 10 6.6 0.8 8.4

Table5. 7 Mean, standard deviation and maximum of temperature elevatia600 and
2000 RPM freehand drillings
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Pre-set
Drillin Drill . temperature ,
spee%l diameter ?nu;?r']%i: _ _c?fthe Mean T SD M;\)_:_lmu(m/
(RPM) (mm) irrigation
fluid

1500 2.0 guided 20 5.8 0.6 7.6
1500 2.5 guided 20 7.5 1.0 9.1
1500 3.0 guided 20 9.4 0.9 10.8
1500 3.5 guided 20 11.2 1.7 14.0
2000 2.0 guided 20 7.9 0.8 9.1
2000 2.5 guided 20 9.9 1.8 13.9
2000 3.0 guided 20 10.9 1.6 13.0
2000 3.5 guided 20 13.8 1.5 16.0
1500 2.0 guided 15 55 1.0 7.4
1500 2.5 guided 15 6.4 0.8 7.6
1500 3.0 guided 15 7.3 0.5 8.0
1500 3.5 guided 15 7.6 0.4 8.4
2000 2.0 guided 15 7.7 0.8 8.6
2000 2.5 guided 15 7.9 0.8 8.9
2000 3.0 guided 15 10.1 0.9 11.1
2000 3.5 guided 15 11.1 1.1 12.7
1500 2.0 guided 10 3.2 0.9 5.3
1500 2.5 guided 10 4.0 1.0 5.6
1500 3.0 guided 10 4.9 0.9 6.9
1500 3.5 guided 10 5.6 0.8 7.1
2000 2.0 guided 10 5.0 0.8 6.0
2000 2.5 guided 10 5.7 1.1 7.2
2000 3.0 guided 10 6.1 0.8 7.3
2000 3.5 guided 10 6.8 0.9 8.5

Table6. 17 Mean, standard deviation and maximum of temperature elevation of 1500 and
2000 RPM guided drillings
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Discussion

Thereis a limited amount gbublications available about intraosseous temperature change
during guided surgery. Misir et al. have shown, that significantly higher temperature
changes can develop while using the guided mef2d@d.On the other hand, others have
found guided surgery to be safe fr@arheat germation point of view. Jeong et al. have
shown no relevant difference between the guided flapless and thdapapproach28].
Result of Migliorati et alanddos Santos et alo also suggest that guided surgery is a safe
approach[29, 30]

The use of preooled irrigation fluid in controllingntraosseousemperature during bone
drilling might seem a straightforward approach, howewata doncerning the use of cooled

irrigation fluids in bone drilling isvery limited as well. Results of Isler et al. have shown

that the use of 4AC saline cimaninkiewseatng posi
They have observesl more prominenpsteobésticringwh en using i rrigati o
compared to irrigatiom t 25AC, however, there was no st

concerning new bone formation. They have also faupdevalence of bone necrosis over

90% when using no cooling, emphasizing itm@ortance of proper irrigatiof26] Sener

et al . have concluded that 10AC saline cal
setting[39], while Kondo et al. have shown cold irrigation fluid to minimize temperature
elevation in a neurosurgical setting, where temperature chamgkevant in terms of the

vitality of neurons as wel[40]

The previougesultsof our research grouguggest that the use of a low drilling speed of

800r pm combined with the external i rrigatio
mean cortical i ntraosseous temper adribr e c hce
diameter or drilling method (freehand surgery or guided surgery). The use of irrigation fluid
beingprec ool ed to 15AC provides no significant
[35]

Our presented resultonfirm that the use of prefabricated drilling guides during implant
site preparation results ahigher temperature rise when compared to that dfékéand
method, however, the use of 12RPMis still a safe choicedigher drilling speeds df500
and 2000RPM have also been investigated in our stddiye above presented results show

thatthe use of these higher drilling speeds results in critical temperature elevations in a
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guided settingand only the use of irrigation fluid p,eo ol e d t oholdl theA C
increment in the safe zone. Moreover, tise of 2000RPM produces critical elevatis in

a freehand setting as welWhile in case of 150BPM freehand drillings, the elevations
stay somewhat below the threshold.

Considering the fact that axial pressure wastrolled in the presented setup, and other
local factorscan influence the teperature elevation as well, we csuggest that the use of
1500 and 200&®PM drilling should be avoided if possible.

The limitation of our study lies iits in vitro nature,in the axial pressure being controlled
at a constant light hand pressure valueemghs in reality it canhange in a wide range,
and in the fact that axial pumping motion was not investigalted strength obur study

is that it investigatethe combination of several factors in a wetintrolled setup.
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Conclusions

New findings of the above presented work can be summarized as the following:

1)

2)

3)

According to the presented data, guided surgery using a drilling ep2200 RPM

can besafe in terms of intraosseous temperature rise.

Our results suggest thab00 and 2000 RPMrilling combined with the use of

I rrigation fluid at a temperature of
elevations, thughe use othese higher drillingpeeds in implant site preparation
should be avoided. the clinical situation requires the use of these higher drilling
speedsirrigation with an irrigationf | ui d cool ed to 10AC is
We can conclude that according to our dat®, $afe choicéor guided implant
placement is the combination@fower drilling speed @00 or 1200 RPM drilling

andthe use oh cooled irrigation fluid.
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Abstract

The purpose of this study was to measure the rise in intraosseous temperature caused by drilling through a drilling guide system. We compared
the rise in temperature generated, and the number of increases of more than 10 °C, between drills that had been cooled with saline at room
temperature (25 °C) and those that had not been cooled, for every step of the drilling sequence. Cortical layers of bovine ribs were used
as specimens, and they were drilled through 3-dimensional printed surgical guides. Heat was measured with an infrared thermometer. The
significance of differences was assessed with either a two-sample 7 test or Welch's test, depending on the variances. The mean rises (number
of times that the temperature rose abovel0°C) for each group of measurements were: for the 2mm drill, 4.8 °C (0/48) when cooled and
7.0°C (8/48) when not cooled; with the 2.5 mm drill, 5.2 °C (1/48) when cooled and 8.5 °C (17/48) when not cooled (2 mm canal); with the
3 mm drill, 3.3 °C when cooled (0/48) and 8.5°C (18/24) when not cooled (2.5 mm canal); and with the 3.5 mm drill, 4.8 °C when cooled
(0/24) and 9.4 °C when not cooled (10/23) (3 mm canal). The temperature rose significantly less with cooling at every step of the drilling
sequence (p<0.001). We conclude that external cooling can maintain the intraosseous temperature within the safe range while drilling through
an implant guide system, whereas drilling without irrigation can lead to temperatures that exceed the acceptable limit.

© 2015 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

Keywords: Tmplants; Implant site preparation; Patient-specific guide; Drilling guide; Intraosseous temperature rise; Cooling; Drilling.

Introduction this should be kept below 47°C, as was established by

Eriksson and Adell' and Eriksson et al.> When the temper-

Drilling of bone is commonly required in orthopaedic,
craniomaxillofacial, and neurosurgery as well as dentistry,
and the frictional heat that is generated leads to a rise
in the intraosseous temperature. It is widely accepted that
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(E. Varga).
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ature exceeds this figure thermal osteonecrosis can develop,
which leads to the bone in the affected area being replaced
by fatty tissue and compromises osseointegration of the
implant.’

More and more evidence, including a recent prospective
randomised clinical study,* supports the premise that the use
of patient-specific drilling guides can provide improved accu-
racy in implant dentistry. As more soft tissue and the guide
itself surround the area of drilling, concerns may arise about
the conduction of heat during drilling. Misir et al. concluded
that drilling with the use of a guide generates more heat than

0266-4356/© 2015 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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it is generated during conventional preparation of the site of
an implant.® Jeong et al. investigated the use of a wood and
silicone model, and concluded that there was no difference
between the guided flapless and flap techniques.® Migliorati
et al. compared standard open-flap surgery, flapless stan-
dard surgery, open-flap guided surgery, and guided flapless
surgery, and concluded that while guided surgery produced
higher rises in the temperature of the bone, the temperature
stayed in the safe zone in the latter cases as well.” When
they compared guided surgery with the conventional tech-
nique, dos Santos et al. found that the rise in temperature
also stayed within the safe zone.®

As this technique develops, we think that further elucida-
tion of the topic is of importance.

Material and Methods

We used cortical bovine rib bones for drilling as they are
easily available and easy to handle, as well as having ideal
thermophysical and anatomical properties. Davidson and
James showed that bovine cortical bone is thermally isotropic
and the value of its conductivity is likely to be similar to that
of human cortical bone.” Yacker and Klein made computed
tomographic scans of bovine bones and concluded that the
cortical density is about 1400 Hounsfield units (HU), while
the cortical density of typical human mandible is between
1400 and 1600 HU.'" The thickness of the cortical bone of
the human mandible was studied by Katranji et al, who found
that the mean edentulous cortical thickness was between 1
and 2mm and the dentate cortical thickness between 1.6
and 2.2 mm."! The thickness of our specimens of bovine rib
varied between 1.5 mm and 2.7 mm, which suggests that its
anatomical properties are comparable with those of human
mandible. This — together with our own anatomical measure-
ments — confirm that bovine ribs are a good experimental
model.

The ribs were derived from the same animal and were
treated as described by Sedlin and Hirsch.'? The specimens
were frozen to -10°C in saline solution when not in use.
Before the measurements were made the specimens were
warmed to 36 (1)°C, and the baseline temperature of the bone
was checked before every episode of drilling. If it was less
than 35 °C the specimen was returned to the warming device.

Infrared thermographic studies by Augustin et al. showed
that the rise in temperature that is generated reaches its peak
in the cortical layer of the bone, ' so we designed an experi-
ment in which we could measure the temperature of the bone
around the drilled canal just before it reaches through the
cortical layer, which indicates the peak intraosseous heat.

Flat parts of the ribs were divided and cut into segments
that were long enough for attachment of the surgical guide
that contained 3 x 8 drilling holes. The edges were then cut
from the ribs longitudinally, and the specimens cut into halves
through the cancellous bony layer and parallel to the flat sur-
face of the bone. The remaining cancellous bone was then
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Fig. 1. Method of preparing specimens of cortical bone from bovine ribs.
*=cortical layer, #=cancellous layer. White arrows and interrupted black
lines indicate the directions of cutting.

removed with a chisel. We could therefore prepare quasi-
flat specimens of bone that contained only the cortical layer
(Fig. ).

Heat was measured with an infrared thermometric device
(Voltcraft IR-380, Conrad, Germany). The device is equipped
with 2 lasers that cross each other at the focus point of the
infrared measurement, which means that it is well able to be
aimed at the point of exit of the drill. In the case of drilling
through a preformed canal of less than 0.5 mm in diameter
(as happens during the second step of the drilling sequence),
the thermometer was pointed immediately next to the exit of
the canal (Fig. 2).

As the specimens were flat cortical parts of bovine ribs, a
universal surgical guide was designed that contained 24 guid-
ing canals in 3 columns (Fig. 3). The guide was manufactured
using the same standards as the guides of the Smart Guide
system (DicomLab Kft., Szeged, Hungary), and printed 3-
dimensionally (printer: ProJet 3510 MP), using the same
material (VisiJet Stoneplast). The guides were anchored by
placing standard pins into pinholes in each of the 4 corners.

The same experienced dentoalveolar surgeon drilled every
hole to achieve as constant applied pressure as possible.
Heated debris was removed from the canal with a light pump-
ing motion. The surgeon was not able to see the screen of
the thermometer (Fig. 2), so it did not affect either his usual
drilling movement or the amount of pressure applied. Drill
speed was set to a constant 800 rpm as advised by the manual
of the Smart Guide system.

Every step of the drilling sequence was investigated, and
drills of 2 mm, 2.5 mm, 3 mm, and 3.5 mm were studied.

External cooling was applied by the assistant (with a stan-
dard 50 ml syringe that contained saline solution at a room
temperature of 25 °C) at the point where the drill entered the
metal sleeve of the canal in the drilling guide (Fig. 2). The
drills were washed and cooled to room temperature after each
drilling.
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(d)

(b)

(h)

(e)

(i)

Fig. 2. The experimental setting: (a) drilling., (b) white arrow=external irrigation. (c)= surgical guide (d)= specimen of cortical bone, (¢) black arrow= direction
and focus point of infrared thermometric measurement. (f)=infrared thermometer, (g)=display of the thermometer visible to the video camera, (h)=video camera,

and (i)=adjustable and rotating clamps for fixation.
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in 3 dimensions according to the same guidelines as the Smart Guide's Oral
Surgical Implant Guide (DicomLab Kft., Szeged. Hungary).
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Baseline temperature, and peak temperature at the exit
point, were recorded by reviewing the videos. The rise in
temperature was calculated by subtracting the baseline tem-
perature from the peak temperature, the latter being read just
before the appearance of the drill bit so that the temperature
recorded was the temperature of the bone and not that of the

drill material. The rises in temperature were collected in files
using Microsoft Excel. The significance of differences was
assessed with the aid of the open-source RStudio software.
In case of similar variances we used the two-sample 7 test,
while in case of differing variances we used Welch’s test.
Probabilities of less than 0.05 were accepted as significant.

Results

The first step of the implant system’s drilling sequence is
drilling with the 2 mm pilot drill. Forty-eight episodes of
drilling with the use of external irrigation produced a mean
(SD) rise in temperature of 4.77 (1.9)°C, while 48 episodes
of drilling without external cooling resulted in a rise of 7.02
(2.7)°C (Table 1), which was significant (p<0.001). Eight of
the 48 episodes without cooling caused a rise that exceeded
the 10 °C threshold, while no episode exceeded it if external
cooling was applied (Table 2).

The results of the second (2.5 mm drilling of a 2.0 mm
canal), third (3.0 mm drilling of the 2.5 mm canal), and fourth
(3.5mm drilling of the 3.0 mm canal) steps of the drilling
sequence were also significant (p<0.001) and are also shown
in Table 1. The numbers of measured rises in temperature that
exceeded the threshold with and without cooling are shown
in Table 2.

Fig. 4 shows a boxplot of the distribution of measured rises
in temperature.

Discussion

The rise in temperature caused by drilling was significantly
less at every step of the drilling sequence when external
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Number of episodes of drilling, mean (SD) rise in temperature, and p value when cooling is compared with no cooling for cach step of the drilling sequence.

The speed of the drill was 800 rpm in each case.

No of episodes of drilling Diameter of canal (mm) Diameter of drill (mm) Cooling Mean (SD) difference P value
in temperature (°C)

48 0 2 Yes 4.77(1.9) <0.001

48 0 2 No 7.02(2.67)

48 2 2.5 Yes 5.22(1.36) <0.001

48 2 2.5 No 8.48 (3.25)

48 2.5 3 Yes 3.32(1.23) <0.001

24 2.5 3 No 8.48 (2.95)

24 8 35 Yes 4.75(1.28) <0.001

23 3 35 No 9.4 (3.73)

Table 2

Number of rises in temperature of more than 10°C (n.19<c) and percentage of these among measurements for every step of the drilling sequence. The speed

of the drill was 800 pm in each case.

Diameter of the canal (mm) Diameter of the drill (mm) Cooling No of episodes of drilling No (%) during which
temperature exceeded
10°C

- 2 Yes 48 0

- 2 No 48 8(17)

2 2.5 Yes 48 1(2)

2 25 No 48 17 (35)

2.5 3 Yes 48 0

25 3 No 24 18 (75)

3 35 Yes 24 0

3 3.5 No 23 10 (42)

irrigation was used, being between 3.32°C and 5.22°C,
whereas when the drill was not cooled it varied between
between 7.02°C and 9.40°C. While the mean rise stayed
below 10°C despite the lack of cooling, several individ-
ual measurements rose above the established limit of 10°C.
External cooling efficiently held the temperature of the bone
in the safe zone with only one outlier that rose slightly above
10°C. However, the latter phenomenon may require further
elucidation and consideration.
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Fig. 4. Boxplot showing the distribution of the measured temperature rises.
The red horizontal line indicates the 10 °C threshold.

As it is the last step of the preparation sequence and
the affected tissue is not removed by subsequent drillings,
it should be emphasised that 3.5 mm drilling with external
irrigation did generated a mean rise in temperature of only
4.75 °C and no measurement exceeded the limit. As on 10/24
occasions episodes of drilling with the 3.5 mm drill without
cooling resulted in the temperature exceeding the limit, the
lack of cooling is potentially harmful.

Misir et al. investigated the generation of heat on bovine
femoral specimens, and found that the mean maximum tem-
perature of the bone was 37.9 °C with surgical guides and
30.2°C without surgical guides, but they published only
the mean baseline temperature of 30.1°C.” Bovine femoral
cortical anatomy differs from bovine rib anatomy, so we
cannot compare their data with ours. Jeong et al. com-
pared a guided flapless technique with a flap technique on
a wood-and-silicone model in which the wood had the same
density as human bone.® They found no significant differ-
ence between the two approaches and concluded that external
irrigation with up-and-down pumping motions is a safe tech-
nique for preparation of the site of an implant. This confirms
our results and shows that external irrigation can hold the
temperature of bone within the safe zone with the guided
flapless technique. Migliorati et al. measured heat in pig rib
bones, and compared an open-flap technique with a guided
flapless technique.” They found significantly higher peak
temperatures in bone with the guided technique, but these
remained within the safe zone.” Dos Santos et al. investigated
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heat generation during guided surgery on rabbit tibias,® and
found that guided surgery generated higher temperatures than
classic techniques, but no temperature rose more than 5.8 °C.
They concluded that the guided technique was safe in that it
did not cause osteonecrosis.

Our study is limited by being in vitro, but measurement
of bony temperature in vivo might be difficult. However, the
strength of our study is that in the experimental setting it
is possible to measure heat just before the drill bit reaches
through the cortical layer of the bone, so we suggest that it
provides a good estimation of the highest bony temperature
compared with studies that used thermocouples placed at a
distance from the drilled canal. A further strength is that we
investigated the thermal consequences of drilling in a guided
surgical setting.

We conclude that despite the fact that there is more soft
tissue together with the surgical guide itself around the area
being prepared for the implant, external irrigation can effi-
ciently control and hold the temperature of bone in the safe
zone as part of the flapless guided surgery technique. Guided
flapless surgery using 3-dimensional printed surgical guides
can therefore be used safely with external irrigation as a
coolant.
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Abstract

We measured the rise in the intraosseous temperature caused by freehand drilling or drilling through a surgical guide, by comparing different
temperatures of irrigation fluid (10 °C, 15°C, and 20 °C), for every step of the drilling sequence (diameters 2.0, 2.5, 3.0, and 3.5 mm) and using
a constant drilling speed of 1200 rpm. The axial load was controlled at 2.0 kg. Bovine ribs were used as test models. In the guided group we
used 3-dimensional printed surgical guides and temperature was measured with a thermocouple. The significance of differences was assessed
with the Kruskal-Wallis analysis of variance. Guided drilling with 10°C irrigation yielded a significantly lower increment in temperature
than the 20 °C-guided group. When compared with the 20 °C freehand group, the reduction in temperature in the 10°C guided group was
significantly more pronounced at all diameters except 3.5 mm. Finally, when the 10 °C-guided group was compared with the 15 °C groups, the
temperature rise was significantly less at 2.5 and 3.0 mm than with the guided technique, and at 3.0 mm compared with the freehand technique.
We suggest that the use of 10 °C pre-cooled irrigation fluid is superior to warmer fluid for keeping temperature down, and this reduces the
difference between guided and freehand drilling.

© 2016 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Appendix

Introduction

Keeping bony trauma to a minimum during preparation of
the bed of an implant permits optimal conditions for osseoin-
tegration, which plays a key part in primary healing and
so contributes to the long term success of dental implants.'

* Corresponding author. Tel.: +36204353329. Fax: +3662545531.
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barrakibrahim @gmail.com (I. Barrak).
! Fax: +3662561340.
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Drilling of bone is a common technique used in various types
of surgery, and the generation of heat and associated mechan-
ical damage during rotary cutting can influence the process of
osseointegration. Previous studies have shown that necrosis
can develop when the temperature during osteotomy exceeds
47°C, 22

In recent years progress in the field of guided surgery
has accelerated, and static surgical guides are now common
devices.** Misir et al. found that when a guide is used during
drilling the increase in temperature is greater than when the
implant site is prepared conventionally.® In another study, the

0266-4356/© 2016 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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