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Introduction

Background: The main objective is to clinically assess the temperature changes during external, internal and combined irrigation 
while performing osteotomy for implant placement. The aim of the present study was to compare and evaluate the temperatures 
that were generated under external, internal and combined irrigation technique during intermittent osteotomy drilling for implant 
placement. A randomized controlled clinical trial was planned to compare the differences in temperature changes among the three 
modes of irrigation.
Method: The study population consisted of 30 patients aged between 18 - 75 years who underwent implant placement in the 
maxillary or mandibular region. Temperature changes that were generated under external, internal and combined irrigation 
techniques during intermittent osteotomy drilling for implant placement were evaluated using K type thermocouple and compared 
Clinical and radiographical parameters recorded and the outcomes were assessed.
Results: The results of the current trial show that (31.6ᵒC, 32.1ᵒC and 32.5ᵒC) was obtained for initial drill, (31.8ᵒC, 31.8ᵒC and 
32.3ᵒC) for intermediate drill and (31.6ᵒC, 31.5ᵒC and 32.4ᵒC) for final drill at three different time thus, there is no difference between 
internal, external and combined irrigation in terms of heat generation.
Conclusion: All three methods of irrigation provides similar cooling during drilling.

Since the advent of dental implantology for the restoration of 
missing dentition, its use has increased markedly due to the phe-
nomenon of osseointegration. This process is dependent on sev-
eral factors, the most important of which is active primary healing 
of the implant site. The frictional contact of the drill against bone 
during the preparation of the implant site heats the adjacent bone 
[1]. This generation of excessive heat may cause thermal necro-
sis of the bone, which directly interferes with biological stability 
through the deterioration of the organic portion of the bony tis-
sue and vascularity in the local circulation. This heat may induce 

necrosis, fibrosis, bony cystic degeneration and a reduction in os-
teoblast activity. Temperatures that cross above 47ᵒC can be an im-
pediment for osseointegration [2].

Among the various factors such as drilling depth, drill shape, 
intermittent vs continuous drilling, irrigation is an important fac-
tor that helps regulate temperature changes. Different cooling 
techniques are used to control the increases in bone temperature 
caused by friction of the drill during osteotomy [1]. External irriga-
tion disperses irrigation solution over the superficial cortical bone 
and dissipates heat. The internal irrigation technique propels the 
irrigating liquid through a hole in the interior of the drill and reach-
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es the upper cancellous region of deeper osteotomy and it helps 
to reduce heat. The combined irrigation technique is a combina-
tion of the above two techniques, thus targeting both superficial 
cortical bone and deeper cancellous bone. It can be hypothesized 
that combined irrigation will show better temperature control as 
compared to external and internal irrigation.

Objectives of the Study

The Objective of the current study is to clinically assess the 
temperature changes during external, internal and combined irri-
gation while performing osteotomy for implant placement and to 
compare the differences in temperature changes between internal, 
external, combined irrigation during implant osteotomy prepara-
tion.

Temperature was measured during the use of three subsequent 
Implant drills for osteotomy preparation. The temperatures were 
measured with the help of an indigenously fabricated thermocou-
ple in degree Celsius under standardized conditions.

Methodology

The available literatures explores minimally, the heat pro-
duction using the internal and external irrigation system during 
implant placement in vivo. The comparison of the temperatures 
generated using various irrigation techniques during implant 
placement in vivo can throw more light in this area of study. 

Source of data

Patients aged between 18 - 75 years requiring dental implants 
were selected from the outpatient Department (OPD) of Periodon-
tology, Krishnadevaraya College of Dental Sciences and Hospital, 
between November 2016 - March 2018. A detailed explanation of 
study and procedure was informed to the patients and a written in-
stitutional review board approved informed consent was obtained 
from each patient. (Ref No. 02_D012_72336).

Inclusion criteria were Single/partially edentulous state with 
minimum soft tissue deficiency (Sieberts class I and II) [3], Re-
placement of any teeth indicated for extraction due to Chronic 
periodontitis, abscess or trauma but with adequate bone width 
and height for implant placement [2], Patients aged between 18 

- 75 years of age [4], Patients willing to participate in the study 
[5], Patients with esthetic/masticatory concerns [5], Patients who 
demonstrate good oral hygiene maintenance with a plaque score 
of ˂ 10% good compliance [3], American society of anesthesiology 
classification of patients as class I, II and III, Stable Occlusion and 
Healthy Periodontium [1].

The exclusion criteria were uncontrolled metabolic disorders 
like osteoporosis and diabetes mellitus, pregnant and lactating 
women, untreated or uncontrolled caries/periodontal disease, Pa-
tients with malignancy, Patients who have undergone chemother-
apy five years prior to implant surgery, Patients with Irradiation 
in head and neck region, Patients with history of other metabolic 
bone diseases, Medical contraindications for implant placement 
(Bleeding disorders, Risk of Endocarditis, immunosuppressive 
medications, systemic autoimmune diseases), Patients on current 
or previous use of oral/IV bisphosphonates, Patients with known 
bruxism, Patients with habits such as alcohol or drug abuse [6].

Study settings 
Sampling technique

Patients were assigned to one of the three groups after random-
ization as Group A, B, C accordingly:

1) Group A: 10 Patients undergoing internal irrigation.

2) Group B: 10 Patients undergoing external irrigation.

3) Group C: 10 Patients undergoing combined irrigation.

Operator and institution

All the procedures were performed in the Department of Peri-
odontology, Krishnadevaraya College of Dental Sciences and Hospi-
tal, Bangalore. This study was conducted by two investigators and 
one operator. Training and calibration prior to the study were con-
ducted to ensure intra and inter examiner reproducibility with re-
spect to measurement of temperature. The patients were unaware 
about the type of irrigation. 

Study design

A randomized controlled parallel group clinical trial design was 
employed, according to the Consolidated Standard of Reporting 
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Trials (Consort Criteria) 2010. All patients completed an initial 
therapy that included oral hygiene instructions and scaling and 
root planning. One implant in each patient i.e. a total of 30 implants 
were randomly placed.

Data collection

Data collection included clinical and radiological measure-
ments at the time of the implant placement. Ridge mapping was 
done to clinically assess the quantity of bone.

The following clinical measurement for the teeth adjacent to 
the edentulous site were examined at six sites. Pocket Probing 
Depth i.e. taken from Gingival Margin to the base of the sulcus or 
pocket, Clinical Attachment loss i.e. distance from Cementoenamel 
Junction to base of the pocket or sulcus, Gingival Recession - Dis-
tance from Cementoenamel Junction to gingival margin.

Radiographic assessment: The radiographs were taken using 
standardization such as the positioning device and RVG. Type II 
bone (Lekholm and Zarb Classification) was selected for the study. 
Upper and lower study casts was fabricated for occlusal analysis 
and also to fabricate stents and surgical guides.

Pre-treatment procedures 

Initial therapy that included scaling and root planning was 
completed 4 - 6 weeks prior to the implant placement. Then the 
patients who demonstrated ≤ 10% O Leary plaque index were sub-
jected to the study protocol. The study was designed so that extra-
neous factors such as oral hygiene and compliance were controlled 
within each subject.

Randomization 

Allocation concealment was done using a sealed coded enve-
lope containing the treatment of the specific subject. The inves-
tigator opened this sealed envelope containing treatment assign-
ment prior to the treatment procedure and allotted the cases to the 
operator accordingly.

Surgical procedure [6]

Surgical treatment was not scheduled until the patient had an 
adequate standard of plaque control and no signs of acute infec-

tion. The surgical site was kept aseptic, and the patient was appro-
priately prepared and draped for an intraoral surgical procedure. 
Pre surgical rinse with 10 ml of 0.2% chlorhexidine gluconate for 
1 minute was done. Local anaesthesia was administered at the site 
of operation.

In edentulous area [7]: A mid-crestal incision extending through 
the interproximal and sulcular tissues of the adjacent teeth was 
placed. A full-thickness flap was raised (buccal and lingual) up to 
or slightly beyond the level of the mucogingival junction, exposing 
the alveolar ridge of the implant surgical site.

In immediate extraction socket [7]:

• An incision is made into the gingival sulcus of tooth to be ex-
tracted extending to and through the periosteum along the 
long axis of the tooth.

• Atraumatic extraction was done with the help of periotomes 
and socket was curetted to remove the granulation tissue 
with the help of curettes. Irrigation of the socket with povi-
done iodine was performed.

Implant placement:

• A endosseous dental implant was placed in the edentulous 
ridge according to the standard procedures, with the implant 
shoulder 2 - 3 mm apical to the mid buccal mucosal margin. 
The platform of the implant was placed 2 - 3 mm below CEJ 
of the adjacent teeth.

Thermocouple placement/removal and assessment of 
temperature changes

Thermocouple was removed as soon as the drilling stopped and 
the time was calculated. The temperature was measured during 
drilling. A total of 3 temperature readings were recorded for each 
implant osteotomy site preparation at end of each drilling pro-
cedure (10 seconds). The temperature of the osteotomy site was 
measured during the use of pilot drill, and the subsequent drills 
at a constant drill speed of 850 rpm. A type k thermocouple was 
indigenously fabricated. The thermocouple measured the temper-
ature at a distance of 0.5 mm lateral to the drill perforation. The 
temperature measurement was repeated for all the subsequent 
drills. To prevent cooling of the thermocouple its extraneous parts 
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were covered by insulated tubing. The tip of the thermocouple was 
placed for about 10 seconds uniformly for each drilling sequence. 
This was specially fabricated in isolation and coupled to a portable 
digital monitor (MODEL -8250 HEATCON) with a measurement 
range between - 50 and + 1200ᵒC. The type k thermocouple mea-
sured the temperature at the installation of site with a response 
time in seconds. 

Drilling sequence for either procedures [8]

The 2-mm Twist Drill. A small twist drill, usually 2 mm in di-
ameter was used at a speed of approximately 800 to 1500 rpm, 
with copious irrigation to prevent overheating of the bone. Drill 
was intermittently and repeatedly “pumped” or pulled out of the 
osteotomy site while drilling to expose them to the water coolant 
and to facilitate clearing bone debris from the cutting surfaces. Fol-
lowing the 2-mm twist drill, a pilot drill with a noncutting 2-mm-
diameter “guide” at the apical end and a cutting 3-mm-diameter 
(wider) midsection is used to enlarge the osteotomy site at the 
coronal end, thus facilitating the insertion of the subsequent drill 
in the sequence.

Subsequent drills

Depending on the implant design, final diameter and desired 
length subsequent drills were used for osteotomy preparation. 
The final osteotomy diameter was maintained narrower than the 
implant diameter as instructed by the manufacturer. The implant 
site was now prepared for implant insertion. The osteotomy was 
lavaged and aspirated to remove bone debris and stagnant blood. 
Implants were inserted at slow speeds ranging from 25- 30 rpm 
with low speed high torque hand piece or a hand wrench. Torque 
not greater than 35 Ncm was maintained while threading the im-
plant into position. Insertion of the implant must follow the same 
path or line as the osteotomy site. When multiple implants are be-
ing placed, guide pins in the other sites were used as a visual guide 
for the path of insertion. Once the implants are inserted and the 
cover screws secured the surgical sites were thoroughly irrigated 
with sterile saline to remove debris and clean the wound. A combi-
nation of alternating horizontal mattress and interrupted sutures 
with periosteal releasing incisions if necessary was used for pri-

mary closure of the tissues in a tension free manner. Buccal and 
lingual tissue flaps are approximated. Black braided silk sutures (3-
0) were placed to protect the implant site. Patients were prescribed 
antibiotics and analgesics were prescribed to the patients for 3 
days post operatively along with chlorhexidine mouth rinse for 15 
days. Patients were instructed to apply cold pack at the surgical site 
during the first 6 hours after surgery and to rinse with chlorhexi-
dine mouth wash (0.2% twice daily for 10 days). The sutures were 
removed 7 - 10 days after surgery.

Results

The results for each parameter (numbers and percentages) for 
discrete data and averaged (mean + standard deviation) for each 
parameter were presented in tables and figures. The normality of 
the data was assessed using Shapiro Wilk test and it was noted that 
distribution is Normal.

Figure 1: Steps during internal irrigation. (A) Extraction wrt 46, 
(B) Thermocouple placed, (C) Initial drill, (D) Initial temperature 
recorded, (E) Intermediate drill, (F) Intermediate temperature re-
corded, (G) Final drill, (G) Final temperature recorded, (H) Implant 

placed (I) sutured.
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Intergroup comparison of mean temperature difference ob-
tained in initial, intermediate and final drill between different ir-
rigation systems (Table 1).

Irrigation Between Mean  
Difference

SE of 
Diff P value

Initial Internal External -0.5000 1.199 0.682
Internal Combined -0.99 1.158 0.448
External Combined -0 .400 0.572 0.493

Intermediate Internal External 0.000 0.984 1.000
Internal Combined -0.500 0.985 0.587
External Combined -0.500 0.647 0.450

Final Internal External 0.100 1.059 0.926
Internal Combined -0.800 1.120 0.484

External Combined -0.900 0.767 0.256

Table 1: Intergroup comparison of mean temperature difference 
obtained in initial, intermediate and final drill between different 

irrigation systems.

Statistical Test – Students t test. 

If p value ˂ 0.005, Not significant.

Figure 2: Steps during external irrigation (A) Fractured 12, (B) 
Thermocouple placed, (C)Initial drill, (D) Initial Temperature re-
corded, (E) Intermediate drill, (F) Intermediate temperature re-
corded, (G) Final drill, (G) Final temperature recorded, (H) Implant 

placed, (I) Sutured, (J) Pre op IOPA, (K) Post op RVG.

Figure 3: Steps during combined irrigation (A) Edentulous wrt 16, 
(B) Thermocouple placed, (C) Initial drill, (D) Initial temperature 
recorded, (E) Intermediate drill, (F) Intermediate temperature re-
corded, (G) Final drill, (G) Final temperature recorded, (H)Implant 

placed, (I) Sutured, (J) Pre op RVG, (K) Post op RVG.

The mean temperature difference observed during initial drill 
use between group A and group B was -0.5ᵒC ± 1.1, between group 
A and group C it was -0.9ᵒC ± 1.1 and between group B and group 
C was -0.4ᵒC ± 0.5. There was no statistically significant difference 
between the groups. The mean temperature difference observed 
during intermediate drill use between group A and group B was 
OᵒC ± 0.9, between group A and group C it was -0.5ᵒC ± 0.9 and 
between group B and group C it was -0.5ᵒC ± 0.6. There was no sta-
tistically significant difference between the groups. The mean dif-
ference observed during final drill use between group A and group 
B was 0.1ᵒC ± 1.0, between group A and group C it was -0.8ᵒC ± 1.1 
and between group B and group C it was -0.9ᵒC ± 0.7. There was no 
statistically significant difference between the groups.

Students t test was used to assess whether there was the differ-
ence between the temperatures and irrigation.

Intragroup comparison showing mean change in temperature 
between three drilling sequence during Internal, External and 
Combined Irrigation (Table 2).
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Irrigation Drill N Mean temp (°c) SD Min (°c) Max (°c) F value* P value
Internal Initial 10 31.6 3.502 27 39

Intermediate 10 31.8 2.616 27 36 0.014 0.986
Final 10 31.6 2.989 28 36

External Initial 10 32.1 1.449 30 34
Intermediate 10 31.8 1.687 29 35 0.374 0.692

Final 10 31.5 1.509 30 34
Combined Initial 10 32.5 1.080 31 34

Intermediate 10 32.3 1.160 30 34 0.049 0.952
Final 10 32.4 1.897 30 36

Table 2: Intragroup comparison showing mean temperature during internal, external and combined irrigation.

Statistical Test - *Two Way Anova.

If p value ˂ 0.005, Not significant.

In group A the mean change in temperature between initial 
and intermediate drill was -0.2ᵒC ± 1.3 which was not statistically 
significant (p value- 0.8), between initial and final drill it was 0ᵒC 
± 1.4 which was not statistically significant (p value- 1.0) and be-
tween intermediate and final drill it was -0.2ᵒC ± 1.2 which was not 
statistically significant (p value- 0.8). In group B the mean change 
in temperature between initial and intermediate drill was 0.3ᵒC ± 
0.7 which was not statistically significant (p value- 0.6), between 
initial and final drill it was 0.6ᵒC ± 0.6 which was not statistically 
significant (P value- 0.3) and between intermediate and final drill 
it was 0.3ᵒC ± 0.7 which was not statistically significant (P value- 
0.6). In group C the mean change in temperature between initial 
and intermediate drill was 0.2ᵒC ± 0.5 which was not statistical-
ly significant (P value- 0.6), between initial and final drill it was 
0.1ᵒC ± 0.6 which was not statistically significant (p value- 0.8), 
between intermediate and final drill it was - 0.1ᵒC ± 0.7 which was 
not statistically significant (p value- 0.8). The maximum reduc-
tion in temperature 0.6ᵒC was noted in group B from initial to final 
drill whereas the highest gain in temperature was noted in group 
A from initial to intermediate drill of 0.2ᵒC. However, these differ-
ences were not statistically significant.

Discussion

In the current trial the temperature noted during the use of ex-
ternal irrigation was 32.1ᵒC ± 1.4ᵒC (Initial drill), 31.8ᵒC ± 1.6ᵒC 
(Intermediate drill), 31.5ᵒC ± 1.5ᵒC (Final drill). The same temper-

atures were also noted by Misir [9] and Ercoli [10]. The mean tem-
perature noted in the current trial during internal irrigation was 
31.6ᵒC ± 3.5ᵒC (Initial drill), 31.8ᵒC ± 2.6ᵒC and 31.6ᵒC ± 2.9ᵒC (Fi-
nal drill). Strbac [11] noted a temperature of 25.86ᵒC while using 
internal irrigation which is similar to the outcomes of the current 
trial. When combined irrigation was used in the current trial a tem-
perature of 32.5ᵒC ± 1.0ᵒC (Initial), 32.3ᵒC ± 1.1ᵒC (Intermediate) 
and 32.4ᵒC ± 1.8ᵒC (Final drill). The outcomes are relatively similar 
to that of Strbac of 25.68ᵒC [11].

No change in temperature was noted during external irrigation 
0.6ᵒC ± 1.8ᵒC, from initial to final drill which is similar to that of 
Strbac [11] -0.4ᵒC and Strbac [12] 0.48 - 1.48ᵒC. Whereas in the 
internal irrigation group no change in temperature was observed. 
While combined irrigation was used, a temperature increase of 
-0.1ᵒC ± 2.2ᵒC was seen. Strbac [11] reported that a temperature 
decrease of 0.27ᵒC and 0.51 - 1.51ᵒC. The increase in temperature 
seen in the present trial was very minimal and clinically/statisti-
cally insignificant.

No differences in temperature changes were noted between 
external irrigation and internal irrigation. Literature suggests that 
external irrigation is mainly suitable in superficial locations and in-
ternal irrigation may be beneficial in deeper site osteotomies how-
ever this may be considered controversial as both the outcomes are 
equivalent (Table 2) as also been seen by other authors [13-15]. 
However, in contrast Strbac., et al. observed that internal and com-
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bined irrigation procedure may be more beneficial in deeper oste-
otomies and prolonged drilling protocols such as surgical template 
guided implant site preparation. However, such results were not 
noted in current trial, these difference may be attributed to the in 
vivo nature of the current trial while the above mentioned trials 
were in vitro. The results of the current trial observe that there 
is no difference between external and internal irrigation [14]. The 
maximum temperature recorded was 39ᵒC for internal irrigation 
group, 35ᵒC for external irrigation group, 36ᵒC for the combined 
irrigation group. Also, different sequences in drilling (Initial, inter-
mediate, Final) did not show any difference in temperatures.

There is very scanty information reporting the different modes 
of irrigation on temperature changes in human trials. Hence the 
current study being the first of its kind comparing three modes of 
irrigation and temperature change, it was not possible to corrobo-
rate the outcomes with similar trials. From the current trial it can 
be concluded that neither internal irrigation nor combined irriga-
tion provided better cooling than external irrigation during drill-
ing. The limitation of the present study is that temperatures were 
recorded using thermocouple at only one point close to the super-
ficial part of the drill. The temperature alteration in the middle and 
the apical portion of the osteotomy site was not measured. Record 
of changes in temperature at different time intervals during drill-
ing would have been more informative. Another limitation is other 
signs such as implant survival rate or peri-implant bone loss could 
have been useful in analyzing the clinical impact of these drilling 
techniques.

Conclusion

Thorough use of irrigation is beneficial during osteotomy pro-
cedures. External irrigation provides similar cooling during drill-
ing as compared to internal and combined irrigation. The three 
modes of irrigation during initial drill was similar There was no 
difference in the temperatures recorded found during intermedi-
ate drill usage There was no difference found during final drill. 
The temperature changes from initial to final drill was similar in 
all groups (0.5ᵒC, 0ᵒC, 0.1ᵒC). It can be concluded from the current 
trial that all the three modes of irrigation (External, Internal, Com-
bined) showed similar temperature during the use of three differ-
ent drills for implant site preparation. The Internal and Combined 

irrigation did not provided any advantage despite the fact that 
internal irrigation dissipates heat in the deep cancellous layer of 
the implant osteotomy site. Further studies that assess the implant 
success by evaluating the crestal bone level and clinical parameters 
over a longer follow up of more than 1 year is deemed necessary. 
Randomised Controlled clinical trials with increased sample size 
will throw more light regarding the three modes of irrigation and 
its influence on implant success.
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