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Biomechanical, Biologic, and Clinical Outcomes  
of Undersized Implant Surgical Preparation:  
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Purpose: To compile the current evidence on biomechanical, biologic, and clinical outcomes of undersized 
surgical preparation protocols in dental implant surgery. Materials and Methods: An electronic search 
using three different databases (PubMed, Web of Science, and Cochrane Library) and a manual hand 
search were performed including in vitro, animal, and clinical studies published prior to October 2015. 
Studies in which an undersized drilling protocol was compared with a nonundersized drilling protocol were 
included. Results: From an initial selection of 1,655 titles, 29 studies met the inclusion criteria, including 
14 biomechanical, 7 biologic, 6 biologic and biomechanical, and 2 clinical. Due to methodologic variation, 
meta-analysis was not performed. Several studies showed that implants inserted with an undersized drilling 
approach reached a significantly higher insertion torque value than conventional drilling in low-density 
substrates, while this effect is less evident if a thick cortical layer is present. Similar results in terms of bone-
to-implant contact (BIC) were achieved in the longer term between implants inserted with undersized and 
nonundersized protocols. Results in the short term were inconclusive. Clinical studies did not show negative 
outcomes for undersized drilling, although clinical evidence was sparse. No data are available on marginal 
bone loss. Conclusion: From the biomechanical standpoint, an undersized drilling protocol is effective in 
increasing insertion torque in low-density bone. Biologic response in long-term healing after undersized 
implant placement is comparable to that in the nonundersized surgical drilling protocol. Clinical studies 
indicate that performing an undersized drilling protocol on low-density bone is a safe procedure; however, 
more extensive studies are needed to confirm these data. Int J Oral MaxIllOfac IMplants 2016;31:1247–
1263. doi: 10.11607/jomi.5340
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Modern dental implantology is based on the os-
seointegration concept in which the bone 

forms directly at the implant surface, allowing the 
implant to bear occlusal load.1 Today, osseointegrat-
ed implants have become a reliable and successful 

treatment option for the rehabilitation of partial and 
full edentulism.2–6

Surgical procedure is considered to be one of the 
influential factors for the success of osseointegration.1 
An optimal surgical technique for implant placement is 
to prepare the implant bed with a delicate procedure 
avoiding overheating, and at the same time to provide a 
preparation adequate for implant stability.7 Initial stabil-
ity (better known as primary stability) achieved from the 
time of placement is an important factor for the eventu-
al biologic stability (secondary stability).8 It is suggested 
that lack of initial stability hampers the osteoconduc-
tive capability of the implant and could result in implant 
failure with fibrous connective tissue encapsulation.9 It 
has been previously shown that the critical micromove-
ment for implant failure is more than 150 µm during the 
healing phase.9,10 This suggests that once the implant 
is faced with intolerable forces exceeding this limit, 
the force is released directly to the surrounding bone, 
which may result in implant failure.11,12

Nowadays, the achievement of a high level of pri-
mary stability is demanded in clinical practice since 
there is a trend to load the implants immediately or in 
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Several studies have shown that when an implant 
is inserted with extreme levels of pressure— ie, due 
to an excessive undersized site preparation— micro-
fracture and compression necrosis of the bone can oc-
cur, and a delayed healing process will follow.30–34 On 
the other hand, an implant that is inserted with a very 
poor initial stability— ie, excessively loose site prepa-
ration— can lead to low levels of osseointegration and 
potential early failure.35,36 It is of great importance that 
detailed information with regard to the optimal levels 
of underpreparation is identified. 

The objective of this systematic review is to compile 
current evidence on the effects of undersized surgi-
cal protocol on bone, in particular on biomechanical, 
biologic, and clinical outcomes and to provide a more 
consistent compilation on this subject.

MATERIALS AND METHODS

Focus Questions
This systematic review was conducted following the 
PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) statement guidelines.37

Three different focus questions were formulated, 
according to the PICO (Problem, Intervention, Com-
parison, Outcome) format:

• Do dental implants inserted with the use of an 
undersized drilling technique compared to a non-
undersized drilling technique show improved per-
formance in terms of stability?

• Do dental implants inserted with the use of an 
undersized drilling technique compared to a non-
undersized drilling technique present improved os-
seointegration around dental implants?

• In patients undergoing dental implant placement, 
does the use of an undersized drilling technique 
compared to a nonundersized drilling technique 
show a higher survival rate and less marginal bone 
loss?

Inclusion/Exclusion Criteria
The studies to be selected were screened based on the 
following inclusion criteria:

• In vitro, ex vivo, in vivo, or clinical studies
• Studies published until October 2015
• Studies investigating an undersized drilling tech-

nique for dental implant placement
• Comparative studies with a minimum number of 

two groups, with one related to the use of an un-
dersized drilling technique and the other related to 
the use of a nonundersized drilling technique

the early stages after implant insertion.10,13–15 The clin-
ical perception of primary stability is often associated 
with the rotational resistance during implant inser-
tion,16 which is measured by insertion torque.17–19 In-
sertion torque is affected by a combination of several 
factors, including status of the host bed (bone quality 
and quantity),20 implant features (macrodesign  and 
microdesign),21–23 and surgical technique.24

One of the commonly conducted techniques in 
clinical practice to obtain high primary stability is un-
dersized drilling preparation (or underpreparation, or 
underdimensioned drilling).25 From the current clinical 
practice definition, this concept is based on an oste-
otomy preparation that is smaller in diameter than the 
size of the implant.26 The undersized drilling protocol 
generates a press-fit situation where the bone walls 
are in intimate contact with the implant,26,27 poten-
tially enhancing primary stability.20 Depending on the 
width of the last drill in relation to the implant diam-
eter, macrodesign  and microdesign features, and the 
density of the bone, different levels of strain can be 
created, resulting in different insertion torque values.17 
Many of the manufacturers recommend surgical pro-
tocols that generate a slight underdimensioned site to 
achieve adequate implant stability. When the implants 
are to be placed in low-density bone, where cortical 
bone is less represented and a low insertion torque 
value is expected, even greater levels of undersized 
drilling are suggested.28 However, the exact amount 
of underpreparation, which would be the discrepancy 
between the implant diameter and last drill size (Fig 1), 
is not specified, and clinicians often rely on manual 
stability perception when they undersize their oste-
otomies.29 Moreover, the existing protocol may not 
always meet the optimal surgical procedure for differ-
ent situations, and a customization of the undersized 
drilling protocol may be necessary. 

Fig 1  Schematic view of the discrepancy between implant di-
ameter (red dotted line) and last drill size (blue dotted line).
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(Papers 3.3.3 for Mac, Mekentosj BV, Dordrecht 3311 
GX, The Netherlands). 

Data Extraction
Included studies were divided into three groups: bio-
mechanical studies, biologic studies, and clinical stud-
ies. Results from studies that examined both biologic 
and biomechanical outcomes were split and depicted 
in the respective group.

The reviewers independently extracted the follow-
ing data (when available): author, year of publication, 
study design, type of substrate, implant system, im-
plant shape and surface, number of implants placed, 
follow-up, outcome variables, implant diameter, last 
drill diameter. Furthermore, the relative discrepancy 
between implant diameter and last drill size implant-
drill discrepancy was calculated as follows: 

(implant diameter-last drill size)/(implant diameter) 
*100

Additional information was extracted as follows: 

• Biomechanical outcome: insertion torque value and 
removal torque 

• Biologic outcome: BIC and bone area fraction 
occupied 

• Clinical outcome: number of patients, bone charac-
teristics, implant length, and failed implants. 

Authors were contacted for missing data. Extrapola-
tion of implant measures from the respective portfolio 
was performed when further data were unavailable.

Standard deviation is reported when available. Sig-
nificant differences between groups and the relative P 
value are reported.

RESULTS

Study Selection
The workflow for the study selection is depicted in 
Fig 2. From the initial electronic search and hand 
search, 1,655 potentially relevant titles were obtained. 
The two reviewers independently screened titles, and 
221 were selected, while 1,434 were excluded for not 
being related to the review topic (κ-score: 0.79). After 
abstract analysis, 157 more irrelevant papers were ex-
cluded (κ-score: 0.87). The full texts of the 64 remain-
ing articles were obtained. An additional hand search 
of the reference list provided four more related articles, 
which were included in the analysis. A total of 68 full-
text articles were assessed in detail for potential inclu-
sion, following the inclusion/exclusion criteria. 

After the full-text analysis, 29 articles fulfilled the 
inclusion/exclusion criteria and thus were included in 
the review, while 39 did not and were thus rejected. 

Additional criteria for biomechanical outcomes 
included studies investigating primary stability mea-
sured with insertion torque or removal torque value.

Additional criteria for biologic outcomes included 
studies investigating bone-to-implant contact (BIC). 

Additional criteria for clinical outcomes included 
studies investigating implant survival rate and/or mar-
ginal bone loss.
The following exclusion criteria were applied:

• Studies on orthodontic or orthopedic implants
• Studies on mini-implants (diameter < 3.00 mm)
• Finite element analyses
• Review studies
• No information available on last drill size and/or the 

correspondent implant diameter
• Studies with duplicated data population
• Studies that compared different implant systems 

for different groups
• Implants placed simultaneously to bone augmenta-

tion procedures

Search Strategy
An electronic search using three different databases 
(MEDLINE-PubMed, Web of Science, and Cochrane Li-
brary) was performed including studies published pri-
or to October 2015. The search algorithm is described 
in Table 1.

An additional manual search of reference lists from 
the selected manuscripts and implant-related journals 
(for the past 6 months) was then conducted. 

Study Selection
The screening and selection process was conducted by 
two independent reviewers (M.S. and M.T.). Agreement 
between the reviewers for the title and abstract selec-
tion was calculated using Cohen’s kappa coefficient 
(κ).38 Disagreement between the reviewers was re-
solved after discussion. After an electronic and manual 
search, duplicated titles from different databases were 
merged, and titles obtained were screened for eligibil-
ity. Keywords and abstracts of the selected titles were 
then analyzed, and irrelevant studies were excluded. 
Full texts of the eligible articles were obtained for the 
analysis using the stated inclusion/exclusion criteria. 
The references of all selected publications were addi-
tionally screened for further relevant publications. In 
cases of missing or insufficient data, the correspond-
ing authors were contacted via email. When multiple 
studies reported the same data, only the most exten-
sive article was selected. After comprehensive full-text 
analysis and full agreement between reviewers, fur-
ther articles were excluded. All remaining studies were 
included in this systematic review. The references were 
managed with bibliographic management software 
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Table 1 Strategy and Algorithms for Electronic Search in Different Databases

MEDLINE (via PubMed)

#1 Population ((((((((“Dental Prosthesis”[Mesh]) OR dental prosthesis[Title/Abstract]) OR “Dental Implantation, 
Endosseous”[Mesh] OR “dental implantation”[Title/Abstract]) OR “dental implants”[Title/Abstract] OR dental 
implants[MeSH Terms]) OR osseointegr*[Title/Abstract]) OR “Osseointegration”[Mesh])))))

#2 
Intervention

(((((press-fit[Title/Abstract]) OR underprep*[Title/Abstract]) OR undersize*[Title/Abstract]) OR ((osteotomy[MeSH 
Terms]) OR osteotomy[Title/Abstract])) OR ((torque[MeSH Terms]) OR torque[Title/Abstract])))

#3 Outcome (((((((torque[MeSH Terms]) OR torque[Title/Abstract])) OR stabil*[Title/Abstract]) OR retention[Title/Abstract]) OR 
histologic*[Title/Abstract]) OR ((BIC[Title/Abstract]) OR “Bone to implant contact”[Title/Abstract]))

Final search #1 AND #2 AND #3

The Cochrane Library (Wiley)

#1 MeSH descriptor: [Dental Prosthesis, Implant-Supported] explode all trees
#2 MeSH descriptor: [Dental Implants] explode all trees
#3 MeSH descriptor: [Osseointegration] explode all trees
#4 press-fit
#5 underprep*
#6 undersize*
#7 MeSH descriptor: [Osteotomy] explode all trees
#8 MeSH descriptor: [Torque] explode all trees
#9 MeSH descriptor: [Dental Prosthesis Retention] explode all trees
#10 MeSH descriptor: [Prosthesis Retention] explode all trees
#11 MeSH descriptor: [Histological Techniques] explode all trees
#12 BIC
#13 bone to implant contact
Final search (#1 or #2 or #3) and (#4 or #5 or #6 or #7 or #8) and (#8 or #9 or #10 or #11 or #12 or #13)

Web of Science

#1 TOPIC: (dental implants) OR TOPIC: (osseointregration) OR TOPIC: (dental prosthesis)
#2 TOPIC: (press-fit) OR TOPIC: (undersiz*) OR TOPIC: (underprep*) OR TOPIC: (osteotomy) OR TOPIC: (torque)
#3 TOPIC: (torque) OR TOPIC: (stabil*) OR TOPIC: (retention) OR TOPIC: (histologic*) OR TOPIC: (BIC) OR TOPIC: 

(Bone to implant contact)
Final search #1 AND #2 AND #3

Potentially relevent titles identified by 
electronic and hand search: 

n = 1,655

Titles excluded after title screening: 
n = 1,434

Titles excluded after abstract analysis: 
n = 157

κ-score: 0.79

κ-score: 0.87

κ-score: 1.00

Titles excluded after full-text analysis: 
n = 39

Articles selected for abstract analysis: 
n = 221

Articles identified for full-text analysis: 
n = 64

Further related articles 
included from references: 

n = 4

Articles selected after full-text analysis: 
n = 29

Fig 2  Flow chart illustrating the search process.
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that implants inserted with an undersized drilling ap-
proach reached significantly higher insertion torque 
than conventional drilling.80,82,85–91 Regarding under-
sizing amounts, two studies compared the biome-
chanical outcome obtained using different undersized 
approaches. Degidi et al86 tested two levels of under-
sizing (implant-drill discrepancy: 21% and 34%, re-
spectively) into fresh trabecular bovine bone, where 
they demonstrated that no difference was present 
between the two undersized protocols. Elias et al87 
compared various drilling protocols, including two un-
dersized protocols (implant-drill discrepancy: 21% and 
26%), inserting implants of three different shapes in 
different substrates. Regardless of the implant shape 
and substrate density, implants inserted with 26% un-
dersized protocol reached significantly higher inser-
tion torque.

Two studies investigated the effect of the cortical 
layer.92,93 Tabassum et al93 investigated the effect of 
the cortical thickness when implants were inserted 
with an undersized protocol into synthetic bone. It was 
shown that underpreparation (implant-drill discrepan-
cy: 26%) had a significantly higher effect on insertion 
torque than standard drilling in specimens with a 0- or 
1-mm-thick cortical layer. However, the thicker the cor-
tical layer, the less the effect of the undersized surgical 
approach. For implant sites with a cortical thickness of 
2 mm or more, undersized drilling had no significant 
effect on insertion torque. Ahn et al92 investigated un-
dersized and conventional drilling placing implants in 
synthetic blocks simulating monocortical and bicorti-
cal fixation in maxillary posterior bone. The undersized 
group showed significantly higher values on insertion 
torque in both monocortical and bicortical models. 

No difference in insertion torque values between 
underdimensioned and standard protocols were not-
ed in Coelho et al,94 Campos et al,75 and Jimbo et al,95 
in which implants were placed in dog radius diaphysis, 
proximal tibia, and mandible, respectively, represent-
ing highly corticalized bone. 

With regards to removal torque values, there is no 
clear evidence on the effect of the undersized group 
compared to the control, as both a significant differ-
ence81,87 and a nonsignificant difference88,96 were 
found. Removal torque, when applied in an in vivo 
model, seems to vary with time, as demonstrated by 
Trisi et al81 and Jimbo et al.36 Trisi et al81 analyzed bi-
ologic and biomechanical events in the first 6 weeks 
of healing when implants were inserted into sheep 
mandibles. The undersized group showed significantly 
higher removal torque values for each week com-
pared with the control group. However, the interfa-
cial strength decreased to almost half of the insertion 
torque in the early healing period (week 2: 62.66 Ncm), 
and it remained constant until week 6 (61.33 Ncm). On 

Reasons for exclusion were: study on mini-implants,39 
comparison between different implant designs,40–43 
studies in which an undersized protocol was not per-
formed,44–47 studies that used radio frequency analysis 
as a unique outcome,48,49 studies in which only one 
protocol was perfomed,19,50,51 studies in which bone 
condensing or another nondrilling protocol was used 
as a comparison,52–57 and studies in which different 
protocols were not grouped and compared.15,18,28,58–73

Selected articles, based on the objectives, were 
grouped as follows: 14 biomechanical, 7 biologic, 6 
biologic and biomechanical, and 2 clinical. Based on 
the study design, 12 of these comprised in vitro stud-
ies, 15 in vivo, and 2 clinical studies. An overview of 
the selected studies’ characteristics, including type of 
implant, number of implants placed, type of substrate, 
and type of outcome is shown in Table 2. Data on study 
groups, surgical protocol, implant-drill discrepancy, 
and results on biomechanical, biologic, and clinical 
studies are shown in Tables 3, 4, and 5, respectively.

Due to methodologic variations between studies, it 
was decided not to perform a meta-analysis.

Surgical Protocol
Studies included in the present review compared at 
least two surgical approaches, in which one was an un-
dersized drilling protocol, used as the test, and one was 
a nonundersized drilling protocol, used as the control. 
In most of the studies, the control treatment consisted 
of the conventional sequence drilling protocol, sug-
gested by the manufacturer (standard drilling proto-
col). The undersized approach was typically achieved 
by skipping the final drill from the suggested protocol. 
The implant-drill discrepancy for the nonundersized 
drilling protocol ranged from –5%74 to 18%,36 while 
the implant-drill discrepancy for the undersized pro-
tocol ranged from 15%75 to 32%.76 One article stated 
that 50% implant-drill discrepancy was reached at the 
apex level.77

In seven articles, the adopted surgical protocol in-
cluded countersinking and/or tapping prior to implant 
placement.34,77–81

Biomechanical Studies
Biomechanical study results are shown in Table 3.

The majority of the studies adopted an in vitro 
model, using synthetic or fresh animal cadaver bone. 
One study used a human cadaver ex vivo model.82 
Seven studies performed biomechanical analysis 
in an in vivo model, including goat, dog, and sheep 
models.36,75,79,81,83,84,96 All the selected studies used 
insertion torque as a biomechanical outcome, with 
the exception of one study, which used only removal 
torque.36 When implant insertion was performed into 
low-density substrates, several studies demonstrated 
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Table 2 General Characteristics of the Included Studies

Study (year) Group
Study 
design Substrate Implant system

No. of 
implants Implant shape Surface

Follow- 
up

Biomechanical 
outcome

Biologic  
outcome

Clinical  
outcome

Sakoh et al (2006)88 Biomechanical In vitro Porcine iliac bone blocks Camlog n.a. Hybrid cylindric n.a. ITQ, RFA, perio-
test, pullout

Shalabi et al (2006)89 Biomechanical In vitro Femoral condyles, goat Biocomp 60 Conical Machined (n = 30),  
blasted/etched (n = 30)

ITQ, RTQ, BIC 
from mCT

Shalabi et al (2007)97 Biologic In vivo Goat (n = 6), femur condyle Biocomp 36 Conical Machined (n = 18), 
blasted/etched (n = 18)

12 wk BIC

Beer et al (2007)78 Biomechanical In vitro Porcine vertebrae Mk III (Nobel Biocare) 45 implants, 
141 sites

Cylindrical Machined ITQ

Shalabi et al (2007)96 Biomechanical In vivo Goat (n = 8), femur condyle Biocomp 48 Conical Machined (n = 24), 
blasted/etched (n = 24)

ITQ, RTQ, SEM 
analysis

Turkyilmaz et al 
(2008)77

Clinical Retrospective 
study

Posterior maxilla (n = 22) MkIII (Nobel  Biocare) 60 Cylindrical Anodized 3 ± 1 y ITQ, RFA Survival rate

Tabassum et al 
(2009)90

Biomechanical In vitro PTFU bone model with two densities Biocomp 80 Conical Machined,  
blasted/etched

ITQ, RTQ

Bilhan et al (2010) 85 Biomechanical In vitro Fresh cow ribs Osseospeed conical (Astra Tech), 
Laserlock TLX (BioHorizons)

90 Blasted, laser-treated ITQ, RFA

Pantani et al (2010)79 Biomechanical 
+ Biologic

In vivo Labrador dog (n = 6),  
mandibular premolar and molar

Outlink 2 (Sweden & Martina) 24 Cylindrical Blasted/etched 4 mo ITQ BIC

Tabassum et al 
(2010)80

Biomechanical In vitro Goat, iliac crest Biocomp 38 Conical Blasted/etched ITQ, BIC, mCT, 
Calcium

Tabassum et al 
(2010)93

Biomechanical In vitro PTFU bone models with 0, 1, 2,  
and 2.5 cortical layer

Biocomp 160 Conical Blasted/etched ITQ, RTQ

Toyoshima et al 
(2011)91

Biomechanical In vitro Porcine iliac bone blocks Straumann Bone Level, Straumann 
Tapered, Straumann Standard

30 Cylindrical n.a. ITQ, periotest, 
RFA, pullout

Al-Marshood et al 
(2011)99

Biologic In vivo Beagle dog (n = 12),  
mandibular premolars

SSII (Osstem) n.a. Cylindrical n.a. 3 mo BIC, BV, mbl,  
soft-tissue attachment

Tabassum et al 
(2011)98

Biologic In vivo Goat (n = 4), iliac crest Dyna Dental BV 24 Cylindrical Etched 3 wk BIC, new bone

Trisi et al (2011)81 Biomechanical 
+ Biologic

In vivo Sheep (n = 5), mandible Swiss Plus tapered (Zimmer) 40 Tapered Blasted/etched 1, 2, 4, 
6 wk

ITQ, RTQ, RFA BIC, BV

Alghamdi et al (2011)20 Clinical Prospective 
study

Maxilla and mandible (n = 29) ITI Standard Plus (Straumann) 52 Cylindrical Blasted/etched 1 y ITQ, RFA Survival rate, 
PI, BOP, PD

Elias et al (2012)87 Biomechanical In vitro PTFE, PU, swine ribs Master Screw, Conect Conic, Conect 
AR (Conexao Sistemas e Protese)

255 Cylindrical Machined, etched,  
and anodized

ITQ, RTQ

Ahn et al (2012)92 Biomechanical In vitro Monocortical and bicortical  
polyurethane block

Neobiothech 60 Tapered Blasted ITQ, RFA

Campos et al (2012)22 Biologic In vivo Beagle dog (n = 6), radius Colosso, Emfils 36 Cylindrical Blasted/etched 1 and  
3 wk

BIC, BAFO

Coelho et al (2013)94 Biomechanical In vivo Beagle dog (n = 6), radious diaphisis Colosso, Emfils 36 Cylindrical Blasted/etched ITQ
Jimbo et al (2014)36 Biomechanical 

+ Biologic
In vivo Sheep (n = 6), iliac crest Laser-Lok (BioHorizons) 96 Conical Laser-treated 

microgrooved
3, 6 wk ITQ, RTQ BIC, BAFO

Consolo et al (2013)76 Biologic In vivo Sheep (n = 2), mandible Screw Vent (Zimmer) 12 Tapered Blasted/etched 8 and  
12 wk

RTQ, RFA BIC

Duyck et al (2015)34 Biologic In vivo Rabbit (n = 5), tibia JNE (GC Int.) 20 Conical n.a. 2, 4 wk BIC, de novo BIC, host BIC, Peri-
implant bone area, Bone defect depth

Tabassum et al 
(2014)84

Biomechanical 
+ Biologic

In vivo Goat (n = 8), iliac crest Dyna Dental 48 Conical Acid etched 3 wk ITQ BIC, BV, m-CT BV fraction

Campos et al (2015)75 Biomechanical 
+ Biologic

In vivo Beagle dog (n = 10), proximal tibia Unitite (SIN) 30 Tapered Acid etched 2 wk ITQ BIC, BAFO

Jimbo  et al (2014)95 Biomechanical 
+ Biologic

In vivo Sheep (n = 6), mandible Implacil de Bortoli 48 Cylindrical  (n = 24)  
and conical (n = 24)

Blasted/etched 3, 6 wk ITQ BIC, BAFO

Rea et al (2015)74 Biologic In vivo Dog (n = 6), mandible GS III (Osstem) 24 Cylindrical n.a. 4 mo Mineralized BIC
Boustany et al (2015)82 Biomechanical Ex vivo Human cadaver, maxilla Screw-Vent (Zimmer) 22 Tapered n.a. ITQ, RFA, HU
Degidi et al (2015)86 Biomechanical In vitro Bovine fresh hip bone (no cortical) Xive (Dentsply) 60 Cylindrical n.a. ITQ, VTW, RFA

 ITQ = insertion torque; RFA = radio-frequency analysis; RTQ = removal torque; BIC = bone-to-implant contact; BV = bone volume; mbl = marginal 
bone loss; PI: Plaque Index; BOP: bleeding on probing; PD = pocket depth; HU = Hounsfield Unit; VTW = variable torque work; n.a. = not available. 
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141 sites

Cylindrical Machined ITQ

Shalabi et al (2007)96 Biomechanical In vivo Goat (n = 8), femur condyle Biocomp 48 Conical Machined (n = 24), 
blasted/etched (n = 24)

ITQ, RTQ, SEM 
analysis

Turkyilmaz et al 
(2008)77

Clinical Retrospective 
study

Posterior maxilla (n = 22) MkIII (Nobel  Biocare) 60 Cylindrical Anodized 3 ± 1 y ITQ, RFA Survival rate

Tabassum et al 
(2009)90

Biomechanical In vitro PTFU bone model with two densities Biocomp 80 Conical Machined,  
blasted/etched

ITQ, RTQ

Bilhan et al (2010) 85 Biomechanical In vitro Fresh cow ribs Osseospeed conical (Astra Tech), 
Laserlock TLX (BioHorizons)

90 Blasted, laser-treated ITQ, RFA

Pantani et al (2010)79 Biomechanical 
+ Biologic

In vivo Labrador dog (n = 6),  
mandibular premolar and molar

Outlink 2 (Sweden & Martina) 24 Cylindrical Blasted/etched 4 mo ITQ BIC

Tabassum et al 
(2010)80

Biomechanical In vitro Goat, iliac crest Biocomp 38 Conical Blasted/etched ITQ, BIC, mCT, 
Calcium

Tabassum et al 
(2010)93

Biomechanical In vitro PTFU bone models with 0, 1, 2,  
and 2.5 cortical layer

Biocomp 160 Conical Blasted/etched ITQ, RTQ

Toyoshima et al 
(2011)91

Biomechanical In vitro Porcine iliac bone blocks Straumann Bone Level, Straumann 
Tapered, Straumann Standard

30 Cylindrical n.a. ITQ, periotest, 
RFA, pullout

Al-Marshood et al 
(2011)99

Biologic In vivo Beagle dog (n = 12),  
mandibular premolars

SSII (Osstem) n.a. Cylindrical n.a. 3 mo BIC, BV, mbl,  
soft-tissue attachment

Tabassum et al 
(2011)98

Biologic In vivo Goat (n = 4), iliac crest Dyna Dental BV 24 Cylindrical Etched 3 wk BIC, new bone

Trisi et al (2011)81 Biomechanical 
+ Biologic

In vivo Sheep (n = 5), mandible Swiss Plus tapered (Zimmer) 40 Tapered Blasted/etched 1, 2, 4, 
6 wk

ITQ, RTQ, RFA BIC, BV

Alghamdi et al (2011)20 Clinical Prospective 
study

Maxilla and mandible (n = 29) ITI Standard Plus (Straumann) 52 Cylindrical Blasted/etched 1 y ITQ, RFA Survival rate, 
PI, BOP, PD

Elias et al (2012)87 Biomechanical In vitro PTFE, PU, swine ribs Master Screw, Conect Conic, Conect 
AR (Conexao Sistemas e Protese)

255 Cylindrical Machined, etched,  
and anodized

ITQ, RTQ

Ahn et al (2012)92 Biomechanical In vitro Monocortical and bicortical  
polyurethane block

Neobiothech 60 Tapered Blasted ITQ, RFA

Campos et al (2012)22 Biologic In vivo Beagle dog (n = 6), radius Colosso, Emfils 36 Cylindrical Blasted/etched 1 and  
3 wk

BIC, BAFO

Coelho et al (2013)94 Biomechanical In vivo Beagle dog (n = 6), radious diaphisis Colosso, Emfils 36 Cylindrical Blasted/etched ITQ
Jimbo et al (2014)36 Biomechanical 

+ Biologic
In vivo Sheep (n = 6), iliac crest Laser-Lok (BioHorizons) 96 Conical Laser-treated 

microgrooved
3, 6 wk ITQ, RTQ BIC, BAFO

Consolo et al (2013)76 Biologic In vivo Sheep (n = 2), mandible Screw Vent (Zimmer) 12 Tapered Blasted/etched 8 and  
12 wk

RTQ, RFA BIC

Duyck et al (2015)34 Biologic In vivo Rabbit (n = 5), tibia JNE (GC Int.) 20 Conical n.a. 2, 4 wk BIC, de novo BIC, host BIC, Peri-
implant bone area, Bone defect depth

Tabassum et al 
(2014)84

Biomechanical 
+ Biologic

In vivo Goat (n = 8), iliac crest Dyna Dental 48 Conical Acid etched 3 wk ITQ BIC, BV, m-CT BV fraction

Campos et al (2015)75 Biomechanical 
+ Biologic

In vivo Beagle dog (n = 10), proximal tibia Unitite (SIN) 30 Tapered Acid etched 2 wk ITQ BIC, BAFO

Jimbo  et al (2014)95 Biomechanical 
+ Biologic

In vivo Sheep (n = 6), mandible Implacil de Bortoli 48 Cylindrical  (n = 24)  
and conical (n = 24)

Blasted/etched 3, 6 wk ITQ BIC, BAFO

Rea et al (2015)74 Biologic In vivo Dog (n = 6), mandible GS III (Osstem) 24 Cylindrical n.a. 4 mo Mineralized BIC
Boustany et al (2015)82 Biomechanical Ex vivo Human cadaver, maxilla Screw-Vent (Zimmer) 22 Tapered n.a. ITQ, RFA, HU
Degidi et al (2015)86 Biomechanical In vitro Bovine fresh hip bone (no cortical) Xive (Dentsply) 60 Cylindrical n.a. ITQ, VTW, RFA

 ITQ = insertion torque; RFA = radio-frequency analysis; RTQ = removal torque; BIC = bone-to-implant contact; BV = bone volume; mbl = marginal 
bone loss; PI: Plaque Index; BOP: bleeding on probing; PD = pocket depth; HU = Hounsfield Unit; VTW = variable torque work; n.a. = not available. 
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Table 3 Surgical Procedure Details and Results of the Biomechanical Studies

Study (year)

Implant 
diameter 

(mm) Final drill Group IDD (%) Results Significance P value

Sakoh et al 
(2006)88

5 4.46 ST 11 ITQ conical: ST 11.00, UN 25.00, cylindric ST 5.75, UN 11.75 UN > ST < .05
5 3.76 UN 25
5 4.46 ST 11 UN > ST < .05
5 3.76 UN 25

Shalabi et al 
(2006)89

4.6 3.4 UN 26 ITQ: ST 70.8 ± 25.7, UN 115.2 ± 31.1 UN > ST < .05
4 ST 13 RTQ: ST 76.6 ± 24.4, UN 102.9 ± 36.4 No

Beer et al 
(2007)78

3.75 2.85 UN 24* ITQ values 17% higher in UN group, 21% lower in LO group compared to ST group n.a. n.a.
3.0 ST 20*
3.15 LO 16*

Shalabi et al 
(2007)96

4.6 4.0 ST 13 RTQ after 12 wk healing: no significant difference between UN and ST No –
3.4 UN 26

Tabassum et 
al (2009)90

4.6 3.4 UN 26 ITQ: significantly higher values for UN blasted/etched group in both model densities; 
RTQ: significantly higher values for UN blasted/etched group in both model densities

UN > ST (both surfaces, both densities) < .001

4.0 ST 13
Bilhan et al 
(2010)85

4.5 4.5/3.2 ST1 0 to 9 ITQ ST1: 15.37 ± 2.61, UN1: 41.87 ± 6.44; ST2: 11.62 ± 2.13, UN2: 21.50 ± 4.81 UN > ST .001
3.8 3.2 ST2 16*°
4.5 4.5/2.7 UN1 0 to 23
3.8 2.5 UN2 34*°

Pantani et al 
(2010)79

3.75 3.0 ST 20*° ITQ premolar: ST 15 ± 5.5, UN 35.8 ± 10.7; molar: ST 6.7 ± 4.2, UN 19.2 ± 7.4 UN > ST < .05
2.8 UN 25

Tabassum et 
al (2010)80

4 2.8 UN 30 ITQ ST: 30.13 ± 5.33, UN: 40.80 ± 9.23 UN > ST n.a.
3.4 ST 15

Tabassum et 
al (2010)93

4.6 3.4 UN 26* A correlation was found between the primary stability and the cortical thickness. At 
or above a cortical thickness of 2 mm, the effect of both an UN surgical approach, 
and also the presence of a roughened (etched) implant surface, had no extra effect.

No cortical: ITQ, RTQ: UN (etched) > ST (machined); 1 mm 
cortical: ITQ, RTQ: UN (etched) > ST (etched and 
machined); 2 mm cortical; RTQ: UN (etched) > ST 
(etched); 2.5-mm cortical: RTQ: UN (etched) > ST (etched)

4.0 ST 13*
Toyoshima et 
al (2011)91

4.1 3.5 ST 15 ITQ values of all three implants; UN higher than ST, although there were no 
significant differences between the groups

No –

3.5 t£o 2.8 UN 15 to 32
Trisi et al 
(2011)81

3.7 to 3 3.2 to 3.9 UN 25* ITQ LO < 10, UN 110 RTQ 2 wk: LO 16.67 ± 16.07, UN 60.17 ± 9.7; 6 wk: LO 
40 ± 10, UN 61.33 ± 12.06

–

3.9 to 3.1 LO 0
Elias et al 
(2012)87

3.75 3.31 ST1 12 ITQ: The preparation method had a significant effect on insertion and removal torque < .001
4 3.31 ST2 17
3.75 2.96 UN1 21
4 2.96 UN2 26

Ahn et al 
(2012)92

4.0 3.4 ST 15 ITQ monocortical fixation: ST 89.45 ± 10.03, UN 104.57 ± 18.16; Bicortical fixation: 
ST 76.98 ± 15.84, UN 104.62 ± 18.58

UN > ST < .05

3.2 UN 20 RTQ monocortical fixation ST 40.53 ± 12.17, UN 38.32 ± 7.60; bicortical fixation ST 
54.64 ± 12.04, UN 53.28 ± 11.86

No –

Coelho et al 
(2013)94

4 3.2 UN 20 Highest ITQ values were observed for ST and UN group compared with LO group ITQ: UN > LO; RTQ: UN > LO ITQ < .001; 
RTQ < .04

3.5 ST 13 ITQ: ST > LO; RTQ: ST > LO ITQ < .001; 
RTQ < .01

3.8 LO 5
Jimbo et al 
(2014)36

4.5 4.6 OV 
(Oversized)

–2 Estimated RTQ (Ncm), 3 wk: OV 56.83, LO 71.17,  ST 91.67, UN 107.83; 6 wk: OV 
92.67, LO 92.33, ST 98.67, UN 106.83

- –

4.1 L (LO) 9
3.7 M (ST) 18
3.2 T (UN) 29

Tabassum et 
al (2014)84

4.2 4.0 LO 5 ITQ (Ncm): LO 26.5 ± 5.8, ST 31.4 ± 8.5, UN 30.9 ± 10.3 ITQ ST > LO .046
3.6 ST 14 RTQ (Ncm): LO 44.39 ± 16.1, ST 39.4 ± 14, UN 35.03 ± 13.7 No –
3.2 UN 24

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Oral & Maxillofacial Implants 1255

Stocchero et al

the other hand, an increase of removal torque values 
was observed in the nonundersized group (2 weeks: 
16.67 Ncm; 6 weeks: 40.00 Ncm). Jimbo et al36 tested 
four different drilling protocols, based on the last drill 
used: 2% oversized than implant (“reamer”), 9% small-
er (“loose”), 18% smaller (“medium”), and 29% small-
er (“tight” or undersized) than the implant. Removal 
torque tests were performed at weeks 3 and 6. The 
undersized group presented a lower removal torque at 
week 6 compared with week 3. At week 3, the removal 
torque was significantly greater in the medium and 
tight groups than in the reamer and loose groups, but 
after 6 weeks, no significant differences were found 
between all groups. 

Biologic Studies
Biologic studies are shown in Table 4.

Studies that investigated biologic outcomes used 
different in vivo models. Animal models included: 
goat femur condyle,97 goat iliac crest,84,98 dog man-
dible,74,79,99 dog radius,22 dog proximal tibia,75 sheep 
mandible,76,81,95 sheep iliac crest,36 and rabbit tibia.34

Results obtained depicted an unclear scenario re-
garding the biologic effects of the undersized drilling 
protocol compared with the nonundersized protocol. 
No significant difference in BIC between groups was 
noted in the majority of the studies.22,36,74,75,79,84,97 
Significantly higher BIC values were obtained in three 
studies,34,81,99 while only one article observed signifi-
cantly lower BIC values for the undersized group.98 
However, it must be noted that in reports by Trisi et al81 
and Duyck et al,34 the significant difference was found 
in the shorter-term time point, while it no longer ap-
peared in the longer term. A distinction between con-
tact of the implant with the host bone (host-BIC) and 
newly formed bone (BIC-de novo) was made by Duyck 
and Vandamme.100 In the study, significantly higher 
host-BIC was detected in the undersized group com-
pared with the control group.

Regarding bone area fraction occupied, Jimbo et 
al36 obtained lower bone area fraction occupied in the 
undersized group compared with the control group.

Descriptive histology around implants placed with 
the undersized technique was assessed in different an-
imal models at different healing time points. However, 
findings from all the studies seem to follow a similar 
healing pathway. In the early phase of healing, Trisi et 
al81 observed an intimate contact between the native 
bone and the implant. Compression and distortion in 
the peri-implant bone occurs just after placement, with 
large cracks and microfractures in the coronal part of 
the cortex, and delamination of lamellar bone at the 
primary thread engagement area. Extensive bone ne-
crotic areas between the first threads were detected by 
other authors.22,26,75,94 The presence of bone particles 

Table 3 Surgical Procedure Details and Results of the Biomechanical Studies

Study (year)

Implant 
diameter 

(mm) Final drill Group IDD (%) Results Significance P value

Sakoh et al 
(2006)88

5 4.46 ST 11 ITQ conical: ST 11.00, UN 25.00, cylindric ST 5.75, UN 11.75 UN > ST < .05
5 3.76 UN 25
5 4.46 ST 11 UN > ST < .05
5 3.76 UN 25

Shalabi et al 
(2006)89

4.6 3.4 UN 26 ITQ: ST 70.8 ± 25.7, UN 115.2 ± 31.1 UN > ST < .05
4 ST 13 RTQ: ST 76.6 ± 24.4, UN 102.9 ± 36.4 No

Beer et al 
(2007)78

3.75 2.85 UN 24* ITQ values 17% higher in UN group, 21% lower in LO group compared to ST group n.a. n.a.
3.0 ST 20*
3.15 LO 16*

Shalabi et al 
(2007)96

4.6 4.0 ST 13 RTQ after 12 wk healing: no significant difference between UN and ST No –
3.4 UN 26

Tabassum et 
al (2009)90

4.6 3.4 UN 26 ITQ: significantly higher values for UN blasted/etched group in both model densities; 
RTQ: significantly higher values for UN blasted/etched group in both model densities

UN > ST (both surfaces, both densities) < .001

4.0 ST 13
Bilhan et al 
(2010)85

4.5 4.5/3.2 ST1 0 to 9 ITQ ST1: 15.37 ± 2.61, UN1: 41.87 ± 6.44; ST2: 11.62 ± 2.13, UN2: 21.50 ± 4.81 UN > ST .001
3.8 3.2 ST2 16*°
4.5 4.5/2.7 UN1 0 to 23
3.8 2.5 UN2 34*°

Pantani et al 
(2010)79

3.75 3.0 ST 20*° ITQ premolar: ST 15 ± 5.5, UN 35.8 ± 10.7; molar: ST 6.7 ± 4.2, UN 19.2 ± 7.4 UN > ST < .05
2.8 UN 25

Tabassum et 
al (2010)80

4 2.8 UN 30 ITQ ST: 30.13 ± 5.33, UN: 40.80 ± 9.23 UN > ST n.a.
3.4 ST 15

Tabassum et 
al (2010)93

4.6 3.4 UN 26* A correlation was found between the primary stability and the cortical thickness. At 
or above a cortical thickness of 2 mm, the effect of both an UN surgical approach, 
and also the presence of a roughened (etched) implant surface, had no extra effect.

No cortical: ITQ, RTQ: UN (etched) > ST (machined); 1 mm 
cortical: ITQ, RTQ: UN (etched) > ST (etched and 
machined); 2 mm cortical; RTQ: UN (etched) > ST 
(etched); 2.5-mm cortical: RTQ: UN (etched) > ST (etched)

4.0 ST 13*
Toyoshima et 
al (2011)91

4.1 3.5 ST 15 ITQ values of all three implants; UN higher than ST, although there were no 
significant differences between the groups

No –

3.5 t£o 2.8 UN 15 to 32
Trisi et al 
(2011)81

3.7 to 3 3.2 to 3.9 UN 25* ITQ LO < 10, UN 110 RTQ 2 wk: LO 16.67 ± 16.07, UN 60.17 ± 9.7; 6 wk: LO 
40 ± 10, UN 61.33 ± 12.06

–

3.9 to 3.1 LO 0
Elias et al 
(2012)87

3.75 3.31 ST1 12 ITQ: The preparation method had a significant effect on insertion and removal torque < .001
4 3.31 ST2 17
3.75 2.96 UN1 21
4 2.96 UN2 26

Ahn et al 
(2012)92

4.0 3.4 ST 15 ITQ monocortical fixation: ST 89.45 ± 10.03, UN 104.57 ± 18.16; Bicortical fixation: 
ST 76.98 ± 15.84, UN 104.62 ± 18.58

UN > ST < .05

3.2 UN 20 RTQ monocortical fixation ST 40.53 ± 12.17, UN 38.32 ± 7.60; bicortical fixation ST 
54.64 ± 12.04, UN 53.28 ± 11.86

No –

Coelho et al 
(2013)94

4 3.2 UN 20 Highest ITQ values were observed for ST and UN group compared with LO group ITQ: UN > LO; RTQ: UN > LO ITQ < .001; 
RTQ < .04

3.5 ST 13 ITQ: ST > LO; RTQ: ST > LO ITQ < .001; 
RTQ < .01

3.8 LO 5
Jimbo et al 
(2014)36

4.5 4.6 OV 
(Oversized)

–2 Estimated RTQ (Ncm), 3 wk: OV 56.83, LO 71.17,  ST 91.67, UN 107.83; 6 wk: OV 
92.67, LO 92.33, ST 98.67, UN 106.83

- –

4.1 L (LO) 9
3.7 M (ST) 18
3.2 T (UN) 29

Tabassum et 
al (2014)84

4.2 4.0 LO 5 ITQ (Ncm): LO 26.5 ± 5.8, ST 31.4 ± 8.5, UN 30.9 ± 10.3 ITQ ST > LO .046
3.6 ST 14 RTQ (Ncm): LO 44.39 ± 16.1, ST 39.4 ± 14, UN 35.03 ± 13.7 No –
3.2 UN 24

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Stocchero et al

1256 Volume 31, Number 6, 2016

No significant differences in mean probing depth be-
tween groups were found.

DISCUSSION

The purpose of the present systematic review was to 
collect and compile the current evidence on biome-
chanical, biologic, and clinical effect of undersized 
drilling protocol prior to implant placement.

The major limitation of this study is that large meth-
odologic differences between the studies were noted; 
therefore, the results between studies could not be 
directly compared. For this reason, meta-analysis was 
not performed. Moreover, a study selection based on 
methodologic assessment was not possible because 
of the scarcity of clinical trials. In vitro and animal 
study methodologic quality assessment was also not 
performed.

To evaluate the biomechanical effects, most of the 
papers used insertion torque as the outcome to evalu-
ate primary stability. Insertion torque is a measure 
of the maximum friction rotational resistance of the 
bone when the implant is inserted, and it is affected 
by a combination of factors, including bone density, 
implant features (macrodesign  and microdesign), 
and surgical technique.20,21,24,87,94 Insertion torque is 
a purely mechanical parameter, perceived by the clini-
cian as a good estimator for primary stability, although 
studies have shown that an inverse relationship be-
tween insertion torque and implant primary stability 
may occur due to cutting groove design alterations.19

Insertion torque, however, seems not to be an ab-
solute parameter for primary stability, especially when 
comparing different implant systems, as it is largely af-
fected by implant design parameters.101–103 In the pres-
ent review, removal torque was used as an additional 

was also distinguished.81,84,98 Bone resorption activ-
ity was observed both around cortical81 and trabecu-
lar bone.98 Remodeling lacunae, with the presence of 
osteoclasts and osteoblasts and new bone apposition 
was a common finding.22,26,75,97,98,99 Extensive integra-
tion into mature lamellar bone was revealed in studies 
that investigated long-term healing.76,79

Clinical Studies
Only two clinical studies, including 82 implants, ful-
filled the inclusion/exclusion criteria (Table 5). Mar-
ginal bone loss was not calculated in the two studies.

A retrospective clinical study77 evaluated the effect 
of undersized drilling preparation in the posterior max-
illa. Twenty-two patients were recruited for this pro-
spective study, and a total of 60 implants were placed, 
with two different lengths. Control group implants 
were inserted after 20% implant-drill discrepancy. Test 
group 1 implants were inserted after 25% discrepancy 
preparation, and test group 2 implants after stepped 
preparation 25% to 50% implant-drill discrepancy at 
the apex. Countersink drills were used for all implants. 
Maximum insertion torque was higher for test groups 
than the control. The difference was statistically sig-
nificant between the control and test 1 group, regard-
less of implant length. Two control implants were lost 
within the first month of healing. 

A prospective study20 compared the 1-year survival 
rate and stability of 26 implants placed using the un-
dersized technique in soft bone (posterior maxilla) 
with 26 implants placed using the standard technique 
in normal bone. A total of 52 implants were inserted 
in 29 patients. For the test group, a 32% implant-drill 
discrepancy was achieved, while those in the control 
group were inserted with a 15% implant-drill discrep-
ancy. Insertion torque was similar for both groups, 
and 100% of the 1-year survival rate was achieved. 

Table 3 continued Surgical Procedure Details and Results of the Biomechanical Studies

Study (year)

Implant 
diameter 

(mm) Final drill Group IDD (%) Results Significance P value

Campos et al 
(2015)75

4.1 3.75 ST 9 ITQ: LO 17.0 ± 7.9, ST 40.0 ± 6.2, UN 73.0 ± 10.9 UN > ST > LO .005
3.5 UN 15
4.0 LO 2

Jimbo  et al 
(2015)95

4 3.2 UN 20 ITQ decreased nonsignificantly (P > .65) as a function of drilling Diameter from 3.2 
mm to 3.5 mm for both designs

No –

3.5 ST 13
Boustany et al 
(2015)82

3.7 3.4 ST 8 ITQ ST 15.9, UN 26.8 ITQ: UN > ST .001
3.4 2.8 2.3 UN 24

Degidi et al 
(2015)86

3.4 3.0 ST 12 Peak torque (Ncm) ST: 11.3 ± 4.44, UN1: 20.26 ± 7.03, UN2: 17.15 ± 10.39 ITQ: UN > ST < .001
3.8 UN1 21
4.5 UN2 34

 IDD = implant-drill discrepancy; ST = standard drilling protocol; UN = undersized drilling protocol; LO = loose drilling protocol; * = countersinking; ° = tapping.
 ITQ and RTQ results are expressed in Ncm

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Oral & Maxillofacial Implants 1257

Stocchero et al

been speculated that undersized drilling creates an ex-
cessive pressure on dense bone, reaching values that 
go beyond the yield point, so that plastic deformation 
and microcracks will mask the effect of underprepara-
tion compared with standard drilling, due to a deterio-
ration of bone properties.49,110

For the present review, relative discrepancy was 
calculated for each study, and it was used to compare 
different groups. The limitation of such a parameter is 
recognized by the authors, as the dimensions of the 
outer implant diameter and last drill size do not pro-
vide enough information to estimate the degree of 
compression created in the peri-implant bone, since 
multiple implant features have to be taken into ac-
count for such an estimation. In the current literature, 
such information is seldom provided and is not often 
provided by implant manufacturers. Thus, when con-
sidering two implants with the same diameter placed 
into two identical sites (which would have the same 
percent of discrepancy in the present review), different 
biomechanical and biologic events may occur, if other 
implant features, such as cutting capacity and inner di-
ameter, are different. Due to the limitation of the avail-
able information, these aspects were not considered in 
the present review.

Implant cutting capacity and macrodesign are ma-
jor aspects to be considered. Different mechanical and 
biologic responses are expected if implants with the 
same macrogeometry provided with or without self-
cutting features are inserted into the same drilled site. 
Cutting features allow displacement of bone volume 
occupied by the threads during implant placement. If 
an implant is deprived of cutting features, it creates di-
rect bone compression while being inserted.45 Higher 
bone compression and delayed biologic responses 
were observed when non–self-cutting tapered im-
plants were inserted into underdimensioned sites, 
compared with self-cutting implants.54 The efficacy of 
implant cutting capacity is questionable, as it seems to 
rely on thread geometry.21,40,111

Implant macrodesign has a remarkable impact 
on rotational stability. Conical and tapered implants 
achieve higher insertion torque compared with cylin-
drical implants even in poor bone sites, as demonstrat-
ed by several studies.21,26,40 A mechanical explanation 
would be that the tapering effect induces a higher de-
gree of compression to the cortical bone.40

Furthermore, inner diameter is another implant fea-
ture that determines bone compression, given the last 
drill diameter. If the last drill diameter is narrower than 
the implant inner diameter, a great amount of com-
pression is created along the bone-implant interface. 

From a biologic point of view, when implants are 
inserted into living bone, the initial mechanical in-
terlocking goes through major changes due to bone 

biomechanical outcome. Removal torque is a useful 
parameter when it is performed in in vivo studies since 
it measures the primary and secondary stability.104 In 
fact, removal torque in animal models is the result of 
initial interlocking between the implant and the bone 
(primary stability) and the osseointegration process af-
ter healing, remodeling, and bone apposition (second-
ary stability).105

The present review demonstrates a large body of 
evidence that the undersized drilling protocol is effec-
tive in enhancing insertion torque for soft bone. This 
procedure induces intense modification of peri-im-
plant bone anatomy. During implant insertion into an 
underdimensioned site, the cavity diameter increases, 
cutting and compressing the bone walls. In particu-
lar, reduced trabecular separation, increased relative 
bone volume, and increased trabecular number were 
noted in peri-implant bone within 1 mm.57 This proce-
dure results in static strain to the peri-implant bone, 
in which the magnitude depends on the implant ge-
ometry, osteotomy preparation, bone anatomy, and 
surgical technique.45 The static strain creates a press-fit 
situation that stabilizes the implant during the initial 
phases of healing. 

If the bone strain produced lies below the yield 
point, elastic behavior is expected, which means that 
the initial interlocking between the bone and the im-
plant is linearly related to the strain.2,36,75,106 When the 
strain generated is higher than the yield point, plastic 
deformation and numerous microcracks alter pristine 
bone mechanical properties due to extensive remod-
eling.45,107 Smaller cracks (less than 100 µm) can also 
be detected during drilling procedures,108 and longer 
cracks are often detected when the implant is placed 
into an undersized site.109 The results of the present 
review showed that the undersized protocol has a lim-
ited effect on insertion torque in dense bone. It has 

Table 3 continued Surgical Procedure Details and Results of the Biomechanical Studies

Study (year)

Implant 
diameter 

(mm) Final drill Group IDD (%) Results Significance P value

Campos et al 
(2015)75

4.1 3.75 ST 9 ITQ: LO 17.0 ± 7.9, ST 40.0 ± 6.2, UN 73.0 ± 10.9 UN > ST > LO .005
3.5 UN 15
4.0 LO 2

Jimbo  et al 
(2015)95

4 3.2 UN 20 ITQ decreased nonsignificantly (P > .65) as a function of drilling Diameter from 3.2 
mm to 3.5 mm for both designs

No –

3.5 ST 13
Boustany et al 
(2015)82

3.7 3.4 ST 8 ITQ ST 15.9, UN 26.8 ITQ: UN > ST .001
3.4 2.8 2.3 UN 24

Degidi et al 
(2015)86

3.4 3.0 ST 12 Peak torque (Ncm) ST: 11.3 ± 4.44, UN1: 20.26 ± 7.03, UN2: 17.15 ± 10.39 ITQ: UN > ST < .001
3.8 UN1 21
4.5 UN2 34

 IDD = implant-drill discrepancy; ST = standard drilling protocol; UN = undersized drilling protocol; LO = loose drilling protocol; * = countersinking; ° = tapping.
 ITQ and RTQ results are expressed in Ncm
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during implant placement, a compression of bone 
structures occurs, along with biomechanical events, 
namely, microcracks.39 Plastic bone deformation with 
spotted ischemic necrosis is expected in areas where 
a greater degree of compression is achieved. This situ-
ation will lead to rapid bone resorption, which results 

healing through the modeling-remodeling processes. 
As results showed, it is evident that the undersized 
protocol presents higher degrees of different osseo-
integration indicators in the short term. Arguably, two 
bone healing patterns after implant placement have 
been described. When a press-fit situation is present 

Table 4 Surgical Procedure Details and Results of the Biologic Studies

Study (year)

Implant 
diameter 

(mm)
Final drill 

(mm) Group
IDD 
(%) BIC (%) Significance

P 
value

Shalabi et al 
(2007)97

4.6 4 ST 13 BIC: ST, machined: 20 ± 11; UN, machined: 24 
± 11; ST, blasted/etched: 28 ± 12; UN,blasted/
etched: 38 ± 9

No –

3.4 UN 26

Pantani et al 
(2010)79

3.75 3 ST 20*° Total BIC premolar: ST 48.6 ± 8.8, UN 59 ± 14.7; 
Molar: ST 54.1 ± 15.1, UN 51.7 ± 16.2

No –

2.8 UN 25

Al-Marshood 
et al (2011)99

4.1 3.3 UN 20 ST: 47.5 ± 11.7, UN: 60.6 ± 14.2 BIC: UN > ST .0118
3.8 ST 7

Tabassum et 
al (2011)98

4.2 4 LO 5 LO 47.78 ± 11.13, ST 47.5 ± 9.57, UN 32.1 ± 9.73 LO = ST > UN < .05
3.6 ST 14
3.2 UN 24

Trisi et al 
(2011)81

3.7 to 3.0 3.2 to 3.9 UN 25* 2 wk total BIC: LO 8.70 ± 5.55, UN 39.11 ± 9.47; 6 
wk total BIC: LO 44.90 ± 8.80, UN 50.29 ± 18.42

BIC: UN > ST (1, 2, 3, 4 wk) –

3.9 to 3.1 LO 0

Campos et al 
(2012)22

4.0 3.2 UN 20 BIC and BAFO: No significant differences between 
groups

 No –

3.5 ST 13
3.8 LO 5

Consolo et al 
(2013)76

3.8 2.8 UN 32 8 wk: ST 38.62, UN 46.06; 12 wk: ST 58.75, UN 
45.94

No statistical analysis –

3.4 ST 11

Duyck et al 
(2015)34

3.9 3.8 LO 3 2 wk total BIC (%): ST 38.78 ± 4.65, UN 54.84 ± 
6.58; 4 wk de novo BIC (%): ST 44.55 ± 16.96, UN 
29.84 ± 13.85

2 wk: total BIC: UN > ST .0001

3.2 UN 18*

Jimbo et al 
(2014)36

4.5 4.6 Reamer 
(OV)

–2 Estimated BIC (%) 3 wk: OV 34.50, LO 46.01, ST 
50.53, UN 51.03; 6 wk: LO 39.02, LO 42.99, ST 
60.99, UN 64.56

BIC (3 wk) R < T,M,L < .05

4.1 Loose 
(LO)

9 BIC (6 wk) T,M > L,R < .05

3.7 Medium 
(ST)

18 BAFO (3 wk): no difference –

3.2 Tight (UN) 29 BAFO (6 wk): T,M > L,R < .05

Tabassum et 
al (2014)99

4.2 4 LO 5 No difference No –
3.6 ST 14
3.2 UN 24

Campos et al 
(2015)75

4.1 3.75 ST 9 BIC LO 17.5 ± 6.6, ST 36.3 ± 11.3, UN 30.3 ± 10.1 ST = UN > LO < .01
3.5 UN 15
4 LO 2

Jimbo  et al 
(2014)95

4.0 3.2 UN 20 No differences in BIC were observed between 
implants placed in different diameter sites at 3 wk

No –

3.5 ST 13 BAFO (6 wk): ST > UN < .01

Rea et al 
(2015)74

4.0 3.0 UN 25 Mineralized BIC (%): OV 55.2 ± 12.2, ST 62.1 ± 
20.9, UN 59.2 ± 9.7 and 60.8 ± 19.4

MBIC: No differences –

4.2 Oversized –5
3.3 ST 18

IDD = implant-drill discrepancy; ST = standard drilling protocol; UN = undersized drilling protocol; LO = loose drilling protocol; * = countersinking; ° 
= tapping.
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bone walls and implant surface; namely, implant-drill 
discrepancy is lower. This healing scenario has been 
coined as a “healing chamber” by Berglundh et al.115 
The empty space is filled by a blood clot, which is the 
start-point for new bone formation through an intra-
membranous-like ossification. From the very first days 
after insertion, osteogenic cells gather along the im-
plant surface and start to create an extracellular matrix 
(osteoid tissue), which then ossifies (woven bone).116 
The chamber structure does not contribute to implant 
primary stability, as initially, no contact is present be-
tween the pristine bone and the implant; however, it 
provides secondary stability as it is rapidly filled with 
new bone, without undergoing the more time-de-
manding remodeling process, where bone first resorbs 
to subsequently integrate with the implant.23,110,118

Bone remodeling after implant insertion represents 
the shifting period from primary to secondary stabil-
ity. From theoretical, experimental, and clinical stand-
points, it results in implant stability loss, also known 
as stability dip. Thereafter, implant stability tends to 
increase due to new bone apposition.9,119–123 It has 
been suggested that surgical techniques could impact 
this delicate process, influencing stability changes and 
bone healing time. It has been suggested that an ideal 
surgical technique is when implants are inserted with 
high initial stability (not necessarily high insertion 
torque), followed by a rapid and stable onset of sec-
ondary stability.110

in an accelerated bone remodeling process. This kind 
of healing reflects the main remodeling pathway in 
the living bone, named primary bone healing, through 
the mechanosensitive cell-mediated response to mi-
crodamage.81,112–114 From histologic observations, 
extensive osteoclastic activity takes place during re-
modeling along with microcracks and bone debris; 
the empty areas along the implant surface are then 
partially filled with new bone. This bone replacement 
is typically described as gradual interfacial remodeling 
in the area of contact between the pristine bone wall 
and implant surface.57,115,116 This is the type of healing 
pathway to be expected after undersized implant in-
sertion, as several studies have noted.22,75,81,84,94,95,97–99 
It has been suggested that bone could tolerate certain 
levels of compressive strain, even beyond the yield 
point without having negative bone reactions.44,75,117 
On the other hand, if this threshold is exceeded, nega-
tive biologic responses are expected, with massive 
bone necrosis and resorption. In a recent paper, Cha 
et al39 observed that undersized preparation in a rat 
femur model adversely affected osseointegration with 
significantly more dead osteocytes in peri-implant tis-
sue. In addition, peri-implant tissue proliferation and 
osteogenetic differentiation were disfavored. Never-
theless, there was little evidence reported of clinical 
failure due to bone over-compression.32

Different from the interfacial remodeling healing 
scenario, an alternate healing pattern is observed 
when empty spaces are created between the pristine 

Table 5 Surgical Procedure Details and Results of the Clinical Studies

Study 
(year)

No. 
patients Bone

Implant 
diameter 

(mm)

Implant 
length 
(mm)

Final drill 
(mm) Group IDD

Failed 
Implants ITQ (Ncm) Significance

P 
value

Turkyilmaz 
et al 
(2008)77

22 Posterior 
maxilla

3.75 10 3.0 ST1 18 (apex)* ST1 n = 1,  
ST2 n = 1

ST1 29.71 ± 8, UN1 35.91 
± 6, UN2 37.21 ± 7, ST2 
30.91 ± 7, UN 338.51 ± 7,  
UN4 41.11 ± 6

ITQ: UN1 =  
UN2 > ST

< .05

4 10 3.0 UN1 25 (apex)*

4 10 2.0 (apex)/ 
3.0 (body)

UN2 50 (apex)*

3.75 11.5 3.0 ST2 18 (apex)*

4 11.5 3.0 UN3 25 (apex)*

4 11.5 2.0 (apex)/ 
3.0 (body)

UN4 50 (apex)*

Alghamdi 
et al 
(2011)20

29 1–2 
Leckholm 
and Zarb

4.1 10 3.5 ST 15 n = 0 ITQ: ST 34.62 ± 5.82;  
UN 35.19 ± 4.79;  
Failed implants: ST 0;  
UN 0; PD: ST 2.87 ± 0.79; 
UN 2.75 ± 0.75

No –

3–4 
Leckholm 
and Zarb

10 2.8 UN 32

 IDD = implant-drill discrepancy; ST = standard drilling protocol; UN = undersized drilling protocol; * = countersinking.

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Stocchero et al

1260 Volume 31, Number 6, 2016

outcome, there is strong evidence that the undersized 
drilling protocol has a significant effect on insertion 
torque in low-density bone; there is no certainty if 
there is a biomechanical limit in the entity of undersiz-
ing; undersized drilling compared with conventional 
drilling might have a limited effect on insertion torque 
in dense bone, provided with a thick cortical layer; and 
initial high rotational stability obtained with under-
sized technique seems to decrease over time, in in vivo 
models. For the biologic outcome, it is not clear if the 
undersized drilling protocol has a significant biologic 
effect in terms of BIC in short-term healing; undersized 
and nonundersized have a similar biologic response, 
in terms of BIC in long-term healing; and the healing 
pathway around the implant placed in an undersized 
site includes extensive bone compression necrosis, 
followed by resorption and remodeling. For the clini-
cal outcome, the undersized drilling protocol seems 
to have a favorable survival rate when applied in the 
soft bone; clinical evidence of the undersized protocol 
is sparse and inconclusive; and no evidence on the ef-
fect of the undersized protocol on marginal bone loss 
is present in the current literature. 
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