Effect of the use of a surgical guide on heat generation
during implant placement: A comparative in vitro study
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Abstract

Background. Heat generation is considered a decisive factor in the occurrence of bone necrosis during
implant placement, which can happen when the temperature exceeds a threshold of 47°C for 1 min.
The use of a surgical quide to aid implant placement has gained popularity in the last few years. Whether
itincreases the risk of bone necrosis is still debatable.

Objectives. The aim of the present study was to compare heat generation during implant placement with
and without the use of a surgical quide.

Material and methods. The study sample consisted of 80 measurement sites placed near 40 dental
implant sockets, which were prepared on 10 bone-like dental models. These models were divided into
5 models for the conventional method group and 5 models for the surgical quide group. Each model had
4 implant sockets prepared, and then two 1-millimeter-wide holes were drilled <1 mm away from the
socket on the opposite sides of the implant socket to be used as temperature measurement sites. The diameter
of the drill was standardized to 2.2 mm, and 4 different drill lengths were used (6, 8, 10, and 12 mm).
The data was analyzed using the SPSS for Windows software, v. 13.0. A p-value of <0.05 was deemed
statistically significant.

Results. Significant differences were found in heat generation between the conventional group (41.07°C)
and the surgical quide group (42.97°C) (p < 0.05). Significant changes in temperature were recorded after
drilling, regardless of the method used (p < 0.05). Moreover, the length of the drill was associated with
temperature changes, with longer drills generating more heat (p < 0.05).

Conclusions. Within the limitations of this study, the use of a surgical quide resulted in higher tempera-
tures as compared to the conventional method of implant placement. However, the highest recorded tem-
perature was far below the threshold for bone necrosis.
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Introduction

Dental implants have become an essential part of rou-
tine dental treatment to replace lost teeth. The conven-
tional dental implant placement procedure involves mak-
ing a surgical incision into the gingiva on the crest of the
alveolus and elevating a mucoperiosteal flap to access the
bone underneath it, then placing the dental implants, re-
placing the flap, and finally suturing the wound.!?

Recently, flapless dental implant placement has gained
popularity as an alternative to the conventional dental im-
plant placement procedure with many advantages, such
as being less invasive, possibly causing less postsurgical
discomfort, shortening the duration of the surgical proce-
dure, and minimizing changes that occur in the alveolar
crest. This might be attributed to a relatively small surgi-
cal incision and not raising a mucoperiosteal flap.3-

Moreover, various computer-guided systems are now
available to help in making a precise three-dimensional
(3D) diagnosis, and the programs included in these sys-
tems aid in accurately transferring the locations of virtual
implants from the computer to appropriate sites in the pa-
tient’s mouth. The necessity for this accuracy has become
more prominent, especially after the adoption of computer-
guided systems in flapless implantation procedures.®

The effectiveness of surgical guides remains a topic for
scientific research, especially given what some studies sug-
gest regarding the effectiveness of using surgical guides
with irrigation cooling. This is a crucial point, as exposing
bone tissue to a temperature of 47°C for a full minute is
considered a threshold for causing irreversible osteonecro-
sis, which necessitates taking measures to avoid subjecting
the bone to mechanical or thermal damage.”®

Therefore, the aim of our study was to compare changes
in bone temperature while preparing the implant site with
the use of a surgical guide and by means of the conven-
tional method of implantation. Moreover, we assessed the
effects of using various drill lengths on heat generation.

Material and methods

A comparative laboratory study was conducted to as-
sess an increase in temperature when using either the con-
ventional method or a surgical guide for dental implant
placement. The study was carried out between December
2019 and March 2020.

The study sample consisted of 80 measurement sites
placed near40dentalimplantsockets, which were prepared
on10artificial-boneblocks similar tohuman D2 bone (solid
rigid polyurethane foam; Alexandria Industries, Taipei,
Taiwan). These models were divided into 5 models for the
conventional method group and 5 models for the surgical
guide group (Fig. 1). Each model had 4 implant sockets
prepared, and then two l-millimeter-wide holes were
drilled 1 mm away from the socket on the opposite sides

of the implant socket to be used as temperature measure-
ment sites (Fig. 2). The holes were drilled using Peeso ream-
ers (Rogin Dental, Shenzhen, China) on a contra-angle
handpiece (NSK, Tokyo, Japan) (Fig. 3).

Each bone block was placed in an aqueous medium
of a temperature similar to body temperature (37°C),’
then a thermometer (Thermocouple Type K device;
Danoplus, Hong Kong, China) was placed inside the mea-
surement sites and the temperature was recorded (Fig. 4).
The implant motor (X-Cube implant motor system;
Dentis, Daegu, South Korea) was set to 1,200 rpm, 30 N
and 85% irrigation for the preparation of all implant sites.

Drilling was started for the implant socket with a 6-milli-
meter-long bur of a diameter of 2.2 mm (Dentis) and the
temperature was recorded immediately after drilling in
the temperature measurement sites. The temperature was
also recorded before and immediately after drilling with
the use of 8-, 10- and 12-millimeter-long drills. The same
procedure was applied in the surgical guide group, follow-
ing the insertion of the customized surgical guide.

Having collected the data, it was entered and analyzed
using the SPSS for Windows software, v. 13.0 (SPSS, Inc.,
Chicago, USA). The statistical analysis was conducted

Fig. 1. Bone model with the surgical guide mounted

implant socket

Fig. 2. Bone model showing the implant sockets and the temperature
measurement sites
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Fig. 3. Laboratory materials (from left to right): a battery, Peeso reamers,
a contra-angle handpiece, cords, a thermometer, bone blocks, water,
and a surgical guide

at the significance level set at 0.05 (p < 0.05). The analysis
of variance (ANOVA) was used to determine the existence
of statistically significant differences when comparing more
than 2 independent variables, and the Bonferroni correc-
tion was used to perform multiple comparisons. The mean
temperature of all measurement sites was used to study the
different variables, except for the temperature differences
between the 2 measurement sites, where the comparison
was made between the means of the opposite sides.

Fig. 4. Temperature recorded in 2 measurement sites

Results

The study sample consisted of 80 measurement sites for
40 dental implant locations (orthopedic pits), which were
prepared on 10 artificial-bone blocks.

Table 1 shows the sample temperature before and im-
mediately after drilling with regard to the following vari-
ables: implant placement method; drill length; and mea-
surement site.

The mean temperature in the surgical guide group was
38.14°C before drilling and became 42.49°C after drill-
ing whereas in the conventional method group, the mean
temperature was 37.64°C before drilling and 41.07°C after
drilling.

Table 1. Descriptive statistics of the variables in terms of temperature [°C] before and after drilling

Variable Status Counts M SD Min Max
surgical guide 40 38.14 1.14 353 398
before drilling
conventional 40 37.64 0.88 349 389
Implantation method
surgical guide 40 42.49 1.87 39.5 454
after drilling
conventional 40 41.07 1.98 371 438
6-millimeter 20 36.47 0.89 349 385
8-millimeter 20 38.09 043 372 389
before drilling
10-millimeter 20 3839 048 374 393
12-millimeter 20 3861 0.60 376 398
Drill length
6-millimeter 20 39.19 1.29 37.1 413
8-millimeter 20 41.22 0.60 403 422
after drilling
10-millimeter 20 4281 0.83 413 44.0
12-millimeter 20 4391 1.14 41.5 454
site A 40 37.84 1.03 353 396
before drilling
site B 40 37.94 1.07 349 398
Measurement site
site A 40 41.65 212 37.1 454
after drilling
site B 40 4191 1.98 37.2 453

M — mean; SD - standard deviation; min — minimum; max — maximum.



58

It was also noted that the temperature increased with
an increasing drilling depth, with the average tempera-
ture after drilling of 39.19°C following the use of a 6-milli-
meter drill as compared to 43.91°C following the use
of a 12-millimeter drill.

No significant differences in temperature were ob-
served between the opposite sides of the implant
socket.

The ANOVA test was performed to study the effects
of the pre-drilling temperature, the implantation method,
the length of the drill, and the measurement site on the
temperature recorded after drilling (Table 2).

Table 2. Association between the variables and the recorded temperature
(ANOVA)

Variable F-value | p-value | n?-value 2?:?23
‘ Implantation method 66.25 0.001* 0.513 mild ‘
‘ Drill length 64.63 0.001* 0.755 strong ‘
‘ Measurement site 259 0.113 - - ‘
Pre-drilling temperature 10.09 0.002* 0.138 weak ‘

* statistically significant.

Table 2 highlights that no statistically significant differ-
ence was found between the temperature measurement
sites on both sides of the implant socket (p = 0.113).

As for the remaining independent variables, significant
differences in the temperature after drilling were found
between all of them.

Table 3 shows the mean (M) and standard error (SE)
values for the temperature recorded following the
use of the 2 surgical implant placement methods and
different length drills, on both sides of the implant
socket.

Table 3. Estimated mean (M) and standard error (SF) temperature values [°C]
for each variable

surgical guide 42.38 0.10
Implantation method
conventional 4118 0.10
6-millimeter 39.76 0.22
8-millimeter 41.13 0.14
Drill length
10-millimeter 4260 0.15
12-millimeter 43,62 0.16
buccal 4167 0.09
Measurement site
lingual 41.89 0.09

The multiple comparison test was conducted using
the Bonferroni method on the mean temperature values
after drilling to compare various drill lengths, as shown
in Table 4.

Significant differences in heat generation were found
between any 2 drill lengths used.
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Table 4. Multiple comparison between different drill lengths using
the Bonferroni correction

Hole depth Difference between
SE p-value
[mm] the groups
8

-1.37 0.28 0.001*

6 10 —2.84 0.31 0.001*
12 -3.86 0.33 0.001*

10 —1.47 0.19 0.001*

¢ 12 —249 0.20 0.001*
10 12 -1.02 1.19 0.001*

* statistically significant.

Discussion

The amount of heat generated by and transmitted
from burs to the bone during drilling while prepar-
ing the implant socket depends on several factors, in-
cluding the speed of rotation of the drill, the number
of drills used, the design and shape of the drill, the
depth of drilling, the cutting edge of the drill, and the
use of internal or external irrigation. To sum up, what is
important with regard to heat generation are the cool-
ing mechanisms and the forces applied during the drill-
ing process.® Therefore, if a surgical guide is to be used,
it should have cooling channels to reduce an increase in
bone temperature. This is particularly important when
drilling is performed in harder bone, such as D1 or D2,
since the use of a surgical guide may reduce the effec-
tiveness of irrigation.?

The results of this study showed that there was a statis-
tically significant effect of each of the implant placement
method and drill length as well as of the temperature
before drilling on the temperature values after drilling.
The fact that a surgical guide hampers the access of the
irrigation fluid to the drilling site may explain a significant
increase in temperature in case a surgical guide is used for
dental implant placement.” The rise in temperature which
occurs when the first 2.2-millimeter bur is used is due to
the need to remove a large amount of bone, which causes
friction to the bone during drilling.!! The clinical tempera-
ture values recorded after the bone drilling process are
usually lower and safer than those recorded in laboratory
studies; this might be due to the fact that the blood circu-
lation within bone tissue dissipates a slight amount of the
heat generated during the drilling process.!?

A slight difference in the mean pre-drilling tempera-
ture of 0.5°C was noted. All bone blocks were placed in
an aqueous medium of a temperature of 37°C in an at-
tempt to standardize the pre-drilling temperature. How-
ever, slight differences can be expected, as the tempera-
ture of the medium can be 37 +0.5°C.

The highest temperature recorded in our study did not
reach the threshold for osteonecrosis.
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These results align with the results obtained by
Miisir et al., who conducted their study on bone-like dental
models using the Thermocouple Type K device with a drill-
ing speed of 1,500 rpm.!3 The researchers used 2 different
systems of drilling burs: in the 1% group, an external irriga-
tion system was used, and in the 2" group, both internal
and external irrigation systems were applied. The authors
concluded that drilling the implant socket with the use
of a surgical guide resulted in a greater increase in tempera-
ture in comparison with the conventional method."

Moreover, the results of the present study are in line
with a study by Strbac et al., where it was found that the
highest increase in bone temperature was obtained after
reaching the deepest point in the hole, and that heat gene-
ration was a result of friction between the bone and the
drill surface.!*

Our results are also consistent with those of Kim et al.,
who conducted their study on models of artificial bone
using the Thermocouple Type K device, and made mea-
surements at depths of 1, 5 and 10 mm.'® The authors
showed that the highest internal temperature of the bone
was at a depth of 10 mm (44 +1.09°C).1

One of the limitations of this study was that it was done
in a laboratory setting, where the recorded temperature
may not be identical to that achieved in clinical conditions.
Such studies are hard to perform in vivo; there would be
some ethical concerns with regard to drilling 2 tempera-
ture holes in the patient’s mouth, and also there would be
anatomical difficulties with placing the probes intraorally.
With that said, the highest temperature achieved in the
current study was still lower that the threshold for bone
necrosis. Therefore, it is the authors’ belief that when us-
ing a good irrigation system in clinical conditions, lower
and safe temperatures are expected due to the added bene-
fit of the blood circulation. Another limitation is measur-
ing the temperature in the temperature holes rather than
the implant socket itself, although the closeness of the
hole to the implant socket may reduce the amount of tem-
perature discrepancies that might occur.

Conclusions

Within the limitations of this study, we can conclude
that using a surgical guide results in a higher tempera-
ture as compared to the conventional method of implant
placement, as a surgical guide can impede irrigation.
However, the observed increase was not statistically sig-
nificant and the highest recorded temperature was below
the threshold for bone necrosis.
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