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Abstract

Background: To evaluate the effect of undersized drilling on the primary and secondary stability of immediate
implants placed in the anterior maxilla.

Material and methods: A comparative randomized clinical trial was carried out in 30 healthy adults. Thirty ta-
pered implants, 16 involving conventional drilling and 14 undersized drilling, were placed immediately after
anterior maxillary tooth removal. Insertion torque and implant stability assessed by resonance frequency analysis
(RFA) were evaluated at three different timepoints: at implant placement and 6 and 12 weeks post-implantation.
The results were compared using parametric statistical tests.

Results: All implants showed adequate stability during follow-up. At implant placement, the undersized drilling
group exhibited greater insertion torque values than the conventional drilling group, but stability assessed by RFA
showed greater mean values in the conventional group. After 6 and 12 weeks of follow-up, both groups showed
improved stability, though the RFA values remained comparatively higher in the conventional group. The differ-
ences were not statistically significant.

Conclusions: Based on the results obtained, undersized drilling does not appear to afford significantly improved
stability of immediate implants placed in the anterior zone of the maxilla during the osseointegration period.

Key words: Insertion torque, RFA, undersized drilling, immediate implants, primary stability, secondary stability.
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Introduction

Peri-implant tissue preservation is crucial when plan-
ning restorations on implants placed in aesthetics
areas such as the anterior sector of the maxilla. As
is well known, tooth extraction is followed by pro-
gressive loss of height and thickness of the alveolar
bone walls (1,2). Specifically, in the anterior sector
of the maxilla, a decrease of about 37% in alveolar
bone volume has been reported one year after tooth
extraction (3).

Immediate implant placement has been proposed as a
way to avoid soft and hard tissue dimensional loss (4-
6). However, this way of placing implants in aestheti-
cally sensitive sectors requires tooth extraction with
minimum trauma to both the soft tissues and the bone
surrounding the implants. Furthermore, the surgeon
must be able to place the implants in circumstances
of limited available bone, reaching primary stability
conditions equal to or better than 35 Ncem of insertion
torque (IT) or an implant stability (IS) of 65 ISQ de-
termined by resonance frequency analysis (RFA)(7,8).
Modifications in drilling speed or diameter have been
suggested with the purpose of ensuring primary sta-
bility parameters capable of guaranteeing osseointe-
gration under conditions characterized by deficient
bone quantity and density. Specifically, reduction of
the final diameter of the implant bone bed by means
of an incomplete drilling sequence known as “un-
dersized drilling” has been proposed to increase IT
when placing implants in bone of deficient quality or
quantity (9). Studies in animal models have biome-
chanically and histologically evaluated the effect of
undersized drilling upon implant healing. The results
reflect an increase in IT as the final drilling diameter
is reduced. However, at histological level, no statisti-
cally significant differences were observed in terms
of bone-implant contact (BIC) at the end of the os-
seointegration period. Furthermore, a variable heal-
ing pattern was recorded, capable of affecting implant
stability during the period between 3-6 weeks after
placement (10-13).

To date, few data have been published on the ben-
efits of undersized drilling. The technique has been
regarded as safe in cases characterized by poor bone
density, with no significant differences in percentage
osseointegration versus conventional drilling (14).
Nevertheless, comparatively greater cortical bone loss
at cervical level has been reported with the undersized
drilling approach (14,15).

Limited information is available on the effects of un-
dersized drilling in cases of immediate or early im-
plant placement. A follow-up study based on tomo-
graphic imaging of three immediate implants showed
no variations in bone quality beyond 6 months after the
immediate placement of implants with an undersized
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drilling discrepancy of 28% in the anterior maxilla.
However, the authors underscored the need to investi-
gate bone behavior during the osseointegration period,
since undersized drilling apparently affects percentage
remodeling around the implants (16). A previous study
on the effect of four different undersized drilling pro-
tocols under conditions similar to those of immediate
implant placement in a model of human bone analogs
with different density types recorded an increase in IT
and ISQ determined by RFA as the final drilling di-
ameter was reduced. However, the differences among
the protocols were not statistically significant, and the
authors moreover concluded that primary stability un-
der conditions of immediate implant placement could
be more associated to bone density than to the drilling
protocol used (17).

Based on the above, and due the lack of clinical stud-
ies referred to undersized drilling with immediate
implant placement, a comparative clinical study has
carried out to evaluate the effect of undersized drilling
on the primary and secondary stability of immediate
implants placed in the anterior sector of the maxilla.

Material and Methods

- Study design

A randomized, comparative parallel-group clini-
cal trial was carried out in a series of adults requir-
ing single implant treatment and the extraction of a
maxillary anterior tooth. The patients were selected
according to the enrollment criteria of the population
seen in the clinic of the Master of Dentistry and Dental
Implantology (Santa Maria University, Dental School,
Caracas, Venezuela). The study was approved by the
Bioethics Committee of Santa Maria University Den-
tal School (Ref. CBB-FO-USM31032015), and the pro-
tocol was registered with ClinicalTrials.gov number
NCT04345133.

- Patient selection

The patients were required to be over 18 years of age,
with no history of ischemic heart disease, uncontrolled
diabetes, coagulation disorders, head or neck radio-
therapy, intravenous bisphosphonate use or uncon-
trolled periodontal disease. Furthermore, cone-beam
computed tomography (CTCB) was required to con-
firm the presence of bone > 5 mm from the tooth apex
to the lower cortical layer of the nasal fossa / maxillary
sinus, with no vertical defects greater than 4 mm at the
buccal or palatine alveolar crest. Also, the included pa-
tients were required to be able to understand the study
protocol and give written informed consent to partici-
pation in the study.

- Implant designs and features

Thirty tapered conical connection grade 23 titanium
alloy (Ti 6A14V Eli) implants with a dual acid etching
and sandblasting rough surface, and measuring 3.75
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mm in diameter and 13 mm in length (C1 Implants,
MIS® Implants Technologies Ltd., Bar Levi, Israel)
were used in all cases.

- Interventions procedure

Two operators calibrated for immediate implant place-
ment performed minimally traumatic tooth extraction
under local anesthesia with 4% articaine and 1:100,000
epinephrine (Artheek® 4%, New Stetic S.A., Antio-
quia, Colombia). A periodontal probe was used to
evaluate the integrity of the bone walls and thus de-
cide whether the minimum bone height required for
implant placement was present.

- Sample size

Sample size calculation was performed to establish
the minimum number of subjects to be included in the
study. The criterion for significance was established as
5% for type I error and 10% for type II error. Taking
into consideration a minimum expected effect size in
ISQ values of 7 with a standard deviation (SD) of 5
(17), and assuming a 15% dropout rate, a minimum of
28 subjects (14 per group) were required.

- Random group assignment

The patients were assigned to two groups through
simple randomization with 1:1 allocation ratio. An ex-
ternal observer tossed a coin just before the start of the
drilling sequence and thus assigned the patient to the
corresponding group. The drilling sequence was per-
formed following the drilling protocol recommended
by the manufacturer in the case of poor bone density:
A) Conventional drilling sequence group (CD): com-
plete drilling protocol following the sequence: 1)
Marking drill &1.9 mm at 1500 rpm; 2) Pilot drill &2.4
mm and 13 mm in length at 800 rpm; and finally, 3)
Twist drill &3 mm at 400 rpm.

B) Undersized drilling sequence group (UD): un-
dersized drilling protocol following the sequence: 1)
Marking drill @1.9 mm at 1500 rpm; and 2) Pilot drill
2.4 mm and 13 mm in length at 400 rpm.

Particular care was taken to maintain blinding of the
participants and in data collector during follow-up of
the implants.

- Implant insertion

A surgical motor (MCU MIS, model M0132, W&H,
Burmoos, Austria) with a 20:1 reducing implant hand-
piece was used to insert the implants at 20 rpm speed
and 10 Ncm torque. The final position of the implants
inside the socket was achieved with a ratchet, up to a
depth of 4 mm from the gingival margin.

- Study variables

Insertion torque: Two torque meters (MIS® Implants
LTD, models MT-R1040 and MT-RT070, Bar Levi, Is-
rael) were used to insert and sequentially measure the
maximum IT reached on positioning the implant in the
socket.

Implant stability assessed by RFA: A Smart-peg Nro
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49 model 100480 was fitted to the connection of each
implant, and an Osstell ISQ® (SN 4669 Osstell AB,
Goteborg, Sweden) was used to perform RFA analysis
and obtain the corresponding ISQ value at three dif-
ferent timepoints during implant osseointegration: at
insertion (RFA1), at 6 weeks (RFA2) and at 12 weeks
(RFA3) post-implantation. A 4 mm height healing
screw was used to seal the implant and thus allow ac-
cess for measurements.

- Statistical analysis

The SPSS version 20.0 statistical package was used to
compare the data obtained in both groups. The Kol-
mogorov-Smirnov test was used to assess normal data
distribution. The Student t-test was used to compare
the mean IT values, and analysis of variance (ANOVA)
for repeated measures was used to compare ISQ values
of groups at the three timepoints. Statistical signifi-
cance was considered for p < 0.05.

Results

Thirty patients, 19 females (63.3%) and 11 males
(36.7%), with a mean age of 48.87 + 14.84 years, were
included in the study and 30 tapered implants - 16 be-
longing to the CD group (53.3%) and 14 belonging to
the UD group (46.7%) - were successfully placed im-
mediately after tooth extraction in the anterior max-
illa. The demographic characteristics and implant
placement zone are reported in Table 1. No adverse
events or implant failures were recorded during the 12
weeks of follow-up. The study flowchart based on the
CONSORT statement is shown in Fig. 1.

- Insertion torque

The median IT of the overall implants was 35 Ncm,
with a mean of 39.80 + 7.14 Ncm (Table 2). The mean
IT was higher in the UD group (41.36 + 18.86 Ncm)
than in the CD group (38.44 £+ 15.99 Ncm), though the
difference failed to reach statistical significance (p =
0.654) (Table 3).

- Implant stability assessed by RFA

A progressive and similar increase in implant stabil-
ity was observed over the weeks following implant
placement in all cases. The ISQ values during the
study ranged from 50.0-79.5 (Table 2). Comparison of
the mean ISQ values (RFA) using the Student t-test
showed no statistically significant differences between
the groups at the three measurement timepoints. How-
ever, the CD group always showed higher ISQ values
than the UD group (Table 4).

Analysis of variance for repeated measures was used
to compare implant stability, defined as implant im-
mobility assessed by RFA at the three measurement
timepoints (at implantation and 6 and 12 weeks post-
implantation), and showed a progressive and similar
increase in ISQ values over the weeks in both groups
- with no significant differences between them (Fig. 2).
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Table 1: Distribution of the patients according to gender, implant placement zone and age.

Sample Overall Undersized drilling group | Conventional drilling group
characteristicS n=30 n=14 n=16

Gender: n (%)

Female 19 (63.3) 9 (64.3) 10 (62.5)

Male 11 (36.7) 5(35.7) 6(37.5)

Implant placement zone: n (%)

Central incisor 14 (46.6) 5(35.7) 9 (56.2)

Lateral incisor 10 (33.3) 5(35.7) 5(31.2)

Canine 4 (13.3) 2(14.3) 2 (12.5)

Premolar 2 (6.66) 2 (14.3) 0 (0)

Age (years): mean (SD)

48.87 (14.84)

| 52.79 (13.81) |

45.44 (15.29)

Undersized drilling group: implant drilling sequence without final twist drill; Conventional drilling group: complete implant drilling sequence.

Table 2: Insertion torque and implant stability assessed by RFA (ISQ) of the overall implants at insertion.

Variable N Mean £+ SD L?v:l;%i;h Variance
Insertion torque (Ncm) 30 39.80 £ 17.14 1575 293.959
RFAI (ISQ) 30 64.83 £6.63 50 76 44.023
RFA2 (1SQ) 30 66.05 £ 5.61 54.575.0 31.506
RFA3 (1SQ) 30 68.10 £ 6.21 51.079.5 38.5676

RFA1 =1SQ at implant placement; RFA2 = ISQ at 6 weeks after implant placement; RFA3 =ISQ at 12 weeks after implant placement.

CONSORT Flow Diagram

__Enrollment

_ Allocation ||

si
5‘
8

Assessed for eligibility (n=48)

Excluded (n= 18)

v

+ Not meeting inclusion criteria (n=18)
+ Declined to participate (n= 0)

I Randomized (n= 30) |

:

!

|

Allocated to intervention in Conventional
Drilling Group (n=16)
+ Received allocated intervention (n=16)

+ Did not receive allocated intervention (n= 0)

Allocated to inter in Und
Drilling Group (n= 14)
+ Received allocated intervention (n=

+ Did not receive allocated intervention (n= 0)

14)

v

v

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Analysed (n= 16)
+ Excluded from analysis (n= 0)

Analysed (n=14)
+ Excluded from analysis (n= 0)

Fig. 1: CONSORT flowchart.
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Table 3: Comparison of insertion torque between the conventional drilling (CD) and undersized drilling (UD) groups at implant placement time.

Insertion torque * N Mean £+ SD L(l){vjl;tlgiegh Significance
CD group 16 38.44 £ 15.99 1570 0.650
UD group 14 41.36 + 18.86 1575

CD group: conventional implant drilling sequence; UD group: undersized (non-complete) implant drilling sequence.

*p-values 0.05, assessed by unpaired t-test.

a. Torque values expressed in Newton centimeters (Ncm).

Table 4: Comparison of implant stability assessed by RFA (ISQ) between the groups at the three evaluation timepoints.
Implant stability N Mean = SD Low Railge High Significance*
RFA 1
CD group 16 65.50 £ 6.03 55.5 75.0 0.565
UD group 14 64.07 +7.41 50.0 76.0
RFA2
CD group 16 66.40 +4.51 58.0 73.0 0717
UD group 14 65.64 +7.41 54.5 75.0
RFA 3
CD group 16 69.09 + 6.59 51.0 79.5 0358
UD group 14 66.96 +5.77 58.0 77.5

CD group: conventional implant drilling sequence; UD group: undersized (non-complete) implant drilling sequence. RFA1 = ISQ at implant
placement; RFA2 =ISQ at 6 weeks after implant placement; RFA3 = ISQ at 12 weeks after implant placement.
*p-values 0.05, assessed by t-test.

1SQ
70,0~

UD group
69,0~

68,0~

67.0- CD group

66,07
65,0 ~

64,0 -

RFAI RFA2 RFA3

Repeats measures ANOVA significance = 0.055 (p-values 0.05). CD group: conventional im-
plant drilling sequence; UD group: undersized (non-complete) implant drilling sequence. RFA1
=1SQ at implant placement; RFA2 = ISQ at 6 weeks after implant placement; RFA3 =ISQ at 12
weeks after implant placement.

Fig. 2: Evolution of implant stability assessed by RFA according to estimated marginal means
of ISQ at the three evaluation timepoints.
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Discussion

Modification of the drilling sequence in order to in-
crease the primary stability of implants placed in poor
density bone was first proposed by Friberg et al. in 1999
(9). However, it was not until the beginning of this last
decade that interest appeared in investigating the effect
of reducing the drilling diameter upon primary stabil-
ity and peri-implant bone behavior during the healing
period. Experimental studies in biomechanical analogs
of bone, animal models and cadaveric human bone
have demonstrated an inversely proportional relation-
ship between reduced final drilling diameter and pri-
mary implant stability assessed on the basis of inser-
tion torque (IT) or resonance frequency analysis (RFA)
(10,11,13,17,18).

Very few clinical studies have evaluated the evolution
of implant stability after modifying the final drilling
diameter (19,20). Gonzalez-Martin ef al. (16) reported
IT values suggesting the technique to be feasible. The
present study is probably the first randomized com-
parative clinical trial to assess the effect of undersized
drilling upon the primary stability of immediate im-
plants. The IT (mean: 39.80 + 7.14, range: 17-75 Ncm)
and implant stability assessed by RFA (mean: 64.83
+ 6.63, range: 50-70 ISQ) for the overall implants re-
corded at implant placement confirmed the viability
of the immediate implantation technique, with suffi-
cient mechanical stability to ensure osseointegration.
The mean values were comparable to those reported
by Levin (IT: 28 Nem and RFA: 68 1SQ) placing 59
tapered implants of different lengths in the anterior
sector of the maxilla (21). In contrast, the IT values
were higher than those obtained by Degidi et al. (22)
on evaluating 606 tapered implants placed in the max-
illa (33.56 Ncm). These discordant results between
studies could be explained by differences in the im-
plant apex design, drilling protocol and twist drill di-
ameters. The RFA values for the global sample at the
time of implant insertion were similar to those found
in other studies involving different bone volume con-
ditions (22-25).

We have found no human clinical studies with a simi-
lar design comparing the effects of undersized drill-
ing versus conventional drilling upon the stability of
immediate implants. The comparative analysis of the
sample confirmed that reducing the diameter of drill-
ing increases the IT values (41.36 £+ 18.86 Ncm in the
UD group versus 38.44 + 15.99 Ncm in the CD group).
These results are similar to those of previous studies
by our group conducted in analog of human bone (17)
and by Coelho et al., involving similar designs but
conducted in animal models, where undersized drill-
ing was seen to be associated to increased IT - though
no differences were found in terms of bone-implant
contact (BIC) or bone area fraction occupied (BAFO),
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as assessed by histological analysis (11,13). In a clini-
cal study of 108 implants in fully healed bone, Toia et
al., evaluated the effects of different drilling protocols
with or without countersink drills selected according to
clinician criterion during osteotomy. The results con-
firmed a difference in IT between the undersized drill-
ing model and conventional drilling, particularly under
conditions of low bone density (15). However, and in
coincidence with the observations in the literature, the
IT increments recorded with undersized drilling failed
to reach statistical significance.

Several publications have suggested that there is no
clear association between IT and the RFA findings on
assessing mechanical stability at the time of implant
placement (21,22,26,27). The results of our study sup-
port this conclusion, since the mean RFA in the CD
group, where IT was lower at the time of insertion,
was greater than in the UD group (65.50 + 6.03 versus
64.07+£7.41, respectively) - though the difference was
not statistically significant. Apparently, increasing the
IT values does not necessarily imply an increase in sta-
bility as assessed by RFA.

Greater IT values associated to undersized drilling have
been attributed to higher bone compression, and there-
fore to greater bone remodeling during osseointegra-
tion, which theoretically could affect implant stability
during this period (10,11,14). Kim et al. used RFA in the
first 10 weeks after inserting 25 implants with different
diameters and surfaces, and recorded a decrease in ISQ
values during the first three weeks after implant place-
ment in mature bone, followed by a recovery of these
values from the fourth week and a gradual increase
in stability as assessed by RFA from the sixth to the
twelfth week (19). The present study also appears to be
the first to follow-up on the stability of tapered implants
placed immediately after tooth extraction, and in agree-
ment with the findings of Kim et al. (19), after week 6
of follow-up higher mean ISQ values were recorded in
both groups versus those recorded at the time of implant
placement.

Throughout follow-up of the implants, the CD group
presented greater stability as assessed by RFA than the
UD group. These results could support the observations
of Coelho et al. and Norton, who suggested that in-
creased implant IT could cause a loss of stability in the
early stages of osseointegration due to increased bone
remodeling produced by bone compression and warm-
ing secondary to friction caused by the implant upon
insertion (11,28,29). It would be relevant to evaluate the
behavior of the RFA findings during the first four weeks
of osseointegration, since this appears to be the period
in which greater changes in implant stability may be ob-
served. In this regard, the secondary stability reached
by week 6 seems to suffice to guarantee successful os-
seointegration.
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Twelve weeks after placement of the tapered implants,
the mean ISQ values corresponding to the overall sam-
ple were seen to continue to increase, reaching 68.10
+ 6.21. In the same way as at the previous timepoints,
the mean ISQ values were lower in the UD group than
in the CD group, and although the differences were not
statistically significant, from the clinical perspective
it could be assumed that undersized drilling during
immediate implant placement in the maxilla was not
necessary.

The mean RFA values obtained during follow-up of
the immediate implants in the anterior maxilla did not
reach ISQ 70, which is defined as optimum for immedi-
ate occlusal loading. Therefore, within the limitations
and under the conditions of the present study, this could
imply that regardless of the IT values obtained at in-
sertion, occlusal loading of immediate implants in the
anterior zone of the maxilla should take place after 12
weeks, when osseointegration has occurred.

Conclusions

Based on the results obtained, undersized drilling does
not appear to afford significantly improved stability of
immediate implants placed in the anterior sector of the
maxilla during the osseointegration period.
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