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ABSTRACT

Background: Primary stability can be improved by using a tapered implant in a slightly underprepared implant site. This
may lead to high compression forces and elevated insertion torques. It has been postulated that disturbance of the local
microcirculation may occur, leading to necrosis of the osteocytes and bone resorption.

Purpose: Report on the clinical outcome of 42 implants placed with an insertion torque equal or greater than 70 Ncm and
evaluate bone levels around these implants.

Materials and Methods: This prospective study included 48 patients treated with 66 4.5 mm diameter Tapered Screw-Vent
implants (Zimmer Dental®, Carlsbad, CA, USA). Maximum insertion torque (MIT) was recorded with an electronic torque
measuring device (Tohnichi® STC200CN, Hitachi, Tokyo, Japan).

Nine implants (control group) presented MIT between 30 and 50 Ncm (mean = 37.1 Ncm) and 42 implants (experi-
mental group) MIT greater than 70 Ncm (mean = 110.6 Ncm, range: 70.8—-176 Ncm). Marginal bone levels were recorded
at the time of loading and 1 year later for the two groups.

Results: After 2-3 months of non-sumerged healing, all implants were clinically stable. Mean marginal bone resorption was
1.03 mm (SD =0.44) for the control group (low torque) and 0.72 mm (SD =0.56) for the experimental group (high
torque) at time of loading, and 1.09 (SD =0.62) and 1.24 mm (SD =0.75), respectively, after 1 year. There were no
significant differences between the two groups for bone stability and implant success rate.

Conclusions: The use of high insertion torques (up to 176 Ncm) did not prevent osseointegration. Marginal bone levels in
the control and experimental groups were similar both at the time of loading and 1 year later.
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INTRODUCTION regenerating bone and prevent osseointegration.'”

The goal of achieving primary stability at the time of A critical threshold of deleterious implant micro-

implant placement is to limit excessive micromotion ~ Motion during bone remodeling has been postulated

1
at the bone-implant interface, which could fracture 0 occur somewhere between 50-150 um." Implant

micromovements below this range are presumed to
be innocuous to bone remodeling;' however, and may
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increase primary implant stability. A histologic study in
rabbits found that bone condensation improved the
peri-implant bone formation during the first 8 weeks
after implantation.” If localized stress is too great,
however, it could reportedly lead to ischemia and local-
ized bone necrosis at the implant-bone interface.»'>'®"

A possible correlation between primary stability
and implant insertion torque has been often suggested
in the dental literature.”®'®'>!%2*% Several studies®**
have used average insertion torque as an indicator
of primary stability in conjunction with under-
dimensioned implant bed preparation. Several research-

erSl 1,26,27

compared insertion torque values during
implant placement with resonance frequency values of
implant stability after placement, and found no statisti-
cal correlation between the two. One study,”® however,
reported a statistically significant correlation between
the implant cutting torque during crestal bone penetra-
tion in the maxillary jaw and resonance frequency values
of implant stability after placement. Other research-

CI'SIZQO

compared insertion torque and resonance fre-
quency values of tapered and straight implant designs
and found that both values increased for the tapered
implants.'>* At present, the measurement of insertion
torque values to quantify primary implant stability has
been widely reported, and some researchers®!**"**-2
have also attempted to identify a minimum insertion
torque value that would indicate adequate stability for
immediate loading. Although no firm clinical consensus
has yet been reached, minimum insertion torque values
for immediate loading reported in the dental literature
have ranged from 32-50 Ncm.>»'**"*7* They advocated
that, even if the amount of micromovement supported
by the implants cannot be recorded, the implants
primary anchorage with such an insertion torque is suf-
ficient for retaining micromovement within limits."**
Ottoni etal.,”! in a study on immediate loading
of single-tooth implants, concluded that immediate
loading should only be proposed when insertion torque

1. reached a

was higher than 32 Ncm. Neugebauer et a
similar conclusion, that is, implants placed with an
average insertion torque higher than 35 Ncm were
associated with success.

Highest recorded peak insertion torque values gen-
erally range from 50 to approximately 70 Ncm.>'>%%%
Some researchers’® have used an electric surgical unit
(OsseoCare, NobelBiocare AB, Goteborg, Sweden) as a

torque measuring device, but were technically limited in

measuring insertion torque values beyond 50 Ncm,
especially for implants that had to be manually
placed.’®® An outlier study by Rabel et al.,” however,
compared the primary stability of two dental implants
systems and recorded mean insertion torque values of
28.8 and 25.9 Ncm, respectively, but a very high peak
insertion torque value of 178.5 Ncm for both systems.
These values were recorded by an electric surgical unit
(Frios Unit E, Friadent GmbH, Mannheim, Germany)
and were evaluated after data transmission to a com-
puter.”” No further explanation was given concerning
these peak values obtained with a surgical unit that
normally stops when the 70 Ncm limit is reached.”
The clinical observation period lasted for 12 months
and nine (1.5%) of the 602 study implants failed after
placement.”

The aim of this study was to report on the clinical
outcome of 42 implants placed with an insertion torque
equal or greater than 70 Ncm and evaluate bone levels
around these implants.

This could be a first step to investigate if the com-
pression levels produced by these high insertion torques
lead to any bone injury.

MATERIALS AND METHODS

This was a nonrandomized, non-blinded, prospective
clinical study. Candidates were partially edentulous
patients who presented in a private dental practice with
one or more missing teeth in the maxillary and/or man-
dibular jaw. All patients were subjected to a preliminary
evaluation that included careful review of their medical
and dental histories, detailed clinical examination, and
evaluation of oral hygiene. Radiographic evaluations
were also conducted utilizing panoramic radiographs
and computed tomography scans, and included assess-
ment of bone quality and quantity according to the
Lekholm & Zarb” index. Those patients who met the
study inclusion criteria (Table 1), exhibited adequate
oral hygiene and expressed a firm commitment to
follow-up visits were admitted into the study after
signed informed consent was obtained.

Tapered Screw-Vent implants (Zimmer Dental,
Carlsbad, CA, USA) were used in this study. These
implants were multithreaded (three threads) and their
surface was both sandblasted and acid etched (Figure 1).
In order to standardize implant geometry, only 4.5 mm
diameter implants were considered for torque measure-
ment. On these tapered implants, the widest thread
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TABLE 1 Patient Selection

Inclusion criteria

Exclusion criteria

>18 years old

1 or more missing teeth in either jaw

Ability and willingness to comply with all study requirements

Available for clinical follow-up

Adequate oral hygiene

Sufficient bone volume with or without localized bone grafting
to accommodate implants at least 10 mm in length

Absence of clinical or systemic conditions that would
contraindicate surgery, implant placement, and/or implant
survival

Accessibility for insertion torque measurement device

Heavy smoking (>20 cigarettes daily)

Alcohol or drug abuse

Infection, endodontic or periodontal problems in teeth adjacent
to the implant site

Extraction sites with less than 6 months of healing

General pathologies or contraindications for implant treatment
or surgery (e.g., risk for bacterial endocarditis, uncontrolled
diabetes, history of head or neck irradiation, HIV + serology,
current chemotherapy or corticosteroid use, etc.)

measured 4.7 mm (most cervical) and the narrowest was
3.8 mm (more apical). A deep internal hex (1.7 mm)
allowed a strong connection to the insertion tools.

Each patient was instructed in the use of chlorhexi-
dine digluconate for the chemical control of plaque,
which commenced 1 day after the implant surgery and
continued for 10 days postoperative. Antibiotic prophy-
laxis involved daily administration of 2 g of amoxycillin
and clavulanic acid, beginning 2 hours before surgery
and for 6 days thereafter. On the day of surgery, the
patient was anesthetized by local infiltration with artic-
aine. A midcrestal incision was performed, followed by
elevation of a mucoperiosteal flap that was kept small to
preserve the periosteal vascular supply. The osteotomy
was prepared and the implant was placed according to
the manufacturer’s protocol except for the bone tap that
was never used.

Figure 1 A 4.5 mm diameter Tapered Screw-Vent implant.

During implant placement, insertion torque was
manually recorded with an electronic digital torque
measuring device (Tohnichi STC200CN, Hitachi, Tokyo,
Japan), which was able to measure insertion torque
within a range of 30-200 Ncm, with 3% precision.
Torque levels below 30 Ncm could not be measured by
this instrument.

After placement, a healing collar was attached to the
implant and the soft tissues were sutured around it with
4-0 vicryl sutures (Ethicon, Inc., Somerville, NJ, USA).
The implant was allowed a non-submerged healing
period of 2 months in the mandible or 3 months in the
maxilla.

Following the healing period, clinical osseointe-
gration®® was manually evaluated via axial percussion,
lateral pressure movements, and healing collar removal.
The realization of these clinical tests should not produce
any discomfort and the clinician should not perceive any
movement of the implant. Radiographic evaluation was
also performed to determine a lack of peri-implant radi-
olucency.” In this study, implant failure was defined as
implant mobility, peri-implant radiolucency, and/or
pain or discomfort, altered sensation, or infection attrib-
utable to the implants. With the validation of this clini-
cal assessment, the implant is considered clinically stable
and ready for loading.

A radiographic examination was conducted upon
implant placement and for each follow-up. Standardized
vertical radiographs utilizing a positioning jig were
taken perpendicular to the long axis of the fixtures. The
objective was to identify radiolucencies in the implant
periphery and to accurately assess marginal bone loss. In
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TABLE 2 Distribution of Patients and Implants

Number of Patients

Number of Implants by Length (mm)

Patient Age
Study Group Males Females Mean (Range) 10 13 16
Control 2 4 63 (34-75) 3 5
Experimental 13 19 64 (32-84) 8 30 4

order to compare marginal bone resorption around test
and control implants, the distance between the implant
platform and the bone were measured using a magnify-
ing lens with a measuring scale divided into 0.1 gradu-
ations. The average of mesial and distal values for each
fixture was then calculated for radiographs taken at time
of loading and 6 months after loading.

RESULTS

Because of the shape and size of the torque measuring
device and the difficulty of accessing posterior implant
sites, data collection was limited to 66 implants placed in
38 patients (Table 2).

For six patients (four women, two men) with an
average age of 63 years (range 34-75 years old), nine
implants (three implants of 10 mm length, five implants
of 13 mm, and one of 16 mm) were placed with
maximum insertion torques between 30 and 50 Ncm
(control group).

For 32 patients (19 women, 13 men) with an average
age of 64 years (range 32-84 years old), 42 implants
(eight implants of 10 mm length, 30 implants of 13 mm,
and four of 16 mm) were placed with maximum
insertion torques equal or greater than 70 Ncm (experi-
mental group).

Fifteen implants with maximum insertion torques
ranging from 50 to 70 Ncm were excluded from the study.
They were placed in 10 patients (six women, four men)
with an average age of 59 years (range 32—71 years old).

Mean maximum insertion torque values were
37.1 Ncm (range = 30-50 Ncm) for the control group
and 110.6 Ncm (range = 70.8—-176 Ncm) for the experi-
mental group. All study implants successfully osseo-
integrated. Two implants in the experimental group
presented gingival complications in the week following
placement, but this was quickly resolved with antibiotic
therapy and analgesics. All implants were clinically
stable after 1 year of loading.

Mean marginal bone resorption was 1.03 mm
(SD=0.44) for the control group (low torque) and

0.72 mm (SD = 0.56) for the experimental group (high
torque) at time of loading, and 1.09 (SD =0.62) and
1.24 mm (SD =0.75), respectively, after 1 year. There
was no difference between low and high torque groups
(Wilcoxon Rank Sum test, p >.05) at any time. More-
over, there was no correlation between insertion torque
and marginal bone resorption when all measurements
were grouped (Spearman correlation test, p >.05).

A quartile analysis was made; control and test
implants were grouped and sorted with increasing inser-
tion torques. The first 13 implants with the lowest torque
(Q1) (mean 48.2 Ncm, SD 18.4) were compared with the
13 implants showing the highest torque (Q4) (mean
138.3 Ncm, SD 15.9). The mean marginal bone loss at
loading was 1.0 mm (SD 0.4) for Q1 and 0.6 mm (SD 0.5)
for Q4 implants (p <.05). After 1 year of loading, the
corresponding figures were 1.3 mm (SD 0.7) and 1.4 mm
(SD 1.0) for Q1 and Q4 implants, respectively (NS).

DISCUSSION

Other studies have attempted to record insertion torque
levels with methodologies different from the one used in
the present study. To measure insertion and removal
torque values, Ueda et al."” and Niimi et al.”” used a dif-
ferent torque gauge (15 BTG-N Tohnichi, Hitachi) from
the same manufacturer as the gauge used in this study.
Its torque range was lower, which would have precluded
its use in measuring the high insertion torque values
recorded in the present study. O’Sullivan et al."* used a
complex mathematic method that combined a modified
electronic torque controller (Nobel Biocare AB, Gote-
borg, Sweden), a digital data acquisition card, and a
laptop computer. In this study, a simpler method was
used. Calandriello et al.” used a torque controller device
(ATR, Pistoia, Italy) for both site preparation and torque
measurement, but the instrument was only capable
of measuring a maximum torque level of 72 Ncm.
Nikellis et al.'* used a simple insertion ratchet with a
fixture-mount attached to the implant at 32 Ncm. After
implant placement, reverse torque was applied to the



fixture-mount screw. If the implant rotated, it was
assumed that insertion torque was lower than 32 Ncm.
This technique was not meant to provide individual
insertion torque measurements as done in this study.

Several other researchers>!!4%>

640 have also reported
that they sometimes had to use a manual wrench to
finalize implant placement, and therefore had no mean
to register the true peak insertion torque.

In this study, a combination of factors could explain
why high insertion torques were often observed: the
tapered implant design, the slightly wider implant diam-
eter (4.7 mm for the most cervical threads), the absence
of bone tapping and a strong internal connection
between implant and insertion driver (no torque limi-
tation within the scope of this study).

Excessive tightening creates important compression
forces in the surrounding bone. This has been theorized
to disturb microcirculation and lead to bone resorption,
but the theory has never been scientifically investigated.
In this study, all implants successfully osseointegrated.
Throughout the course of this study, no clinical signs
of bone injury were observed. Furthermore, marginal
bone levels were similar to those currently reported
(0.9-2 mm) for implants placed via a traditional, two-
stage surgcial protocol.>!'*2%12829

Based on the implant treatment outcome of a
15-year follow-up study,*" Albrektsson et al.** included
vertical bone loss as one of the criteria for the assessment
of implant success. An upper limit of 1.5 mm was pro-
posed for bone resorption around successfully osseoin-
tegrated implants during the first year of loading.* In
this study, marginal bone resorption for both groups
was in that range and did not increase when high inser-
tion torques were applied.

The quartile analysis revealed significantly less
marginal bone loss at time of loading between lowest
torque implants (1.0 mm) and highest torque implants
(0.6 mm). After 1 year, there was no statistical difference.
This finding could not be explained.

In the present study, no negative effects of high
insertion torque on marginal bone loss could be
detected. This may be related to the present implant
design, which has a homogenous tapering with no
marked steps, edges or other design features. The
implant design probably resulted in a continuous lateral
compression of the bone during insertion and an even
distribution of stresses along the implant surface, which
may explain the limited adverse effect at 2—3 months
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and the lack of adverse effect at 1 year of loading on the
surrounding bone. It is possible that other more hetero-
geneous implant designs with marked steps and edges
along the implant surface may result in bone resorption
when using high insertion torque because of stress
concentration.

CONCLUSION

The use of high insertion torque (up to 176 Ncm)
neither prevented osseointegration nor increased mar-
ginal bone resorption around tapered multithreaded
dental implants. Further studies on biological reactions
of bone under mechanical strain are needed.

REFERENCES

1. Szmukler-Moncler S, Piatelli A, Favero GA, Dubruille JH.
Considerations preliminary to the application of early and
immediate loading protocols in dental implantology. Clin
Oral Implants Res 2000; 11:12-25.

2. Brunski JB. In vivo bone response to biomechanical loading
at the bone/dental-implant interface. Adv Dent Res 1999;
13:99-119.

3. Calandriello R, Tomatis M, Rangert B. Immediate functional
loading of Brénemark system implants with enhanced initial
stability: a prospective 1- to 2-year clinical and radiographic
study. Clin Implant Dent Relat Res 2003; 5:10-20.

4. Barone A, Covani U, Cornelini R, Gherlone E. Radiographic
bone density around immediately loaded oral implants. A
case series. Clin Oral Implants Res 2003; 14:610-613.

5. Romanos GE, Toh CG, Siar CH, Swaminathan D. Histologic
and histomporphmetric evaluation of peri-implant bone
subjected to immediate loading: an experimental study with
Macaca fascicularis. Int J Oral Maxillofac Implants 2002;
17:44-51.

6. Cochran DL. Report of the American Academy of Periodon-
tology’s Workshop on the Design and Conduct of Clinical
Trials for Endosseous Dental Implants. ] Periodontol 1998;
69:280-284.

7. Barewal R, Oates T, Meredith N, Cochran D. Resonance
frequency measurement of implant stability in vivo on
implants with a sandblasted and acid-etched surface. Int J
Oral Maxillofac Implants 2003; 18:641-651.

8. Beer A, Gahleitner A, Holm A, Tschabitscher M, Homolka P.
Correlation of insertion torques with bone mineral density
from dental quantitative CT in the mandible. Clin Oral
Implants Res 2003; 14:616—620.

9. Martinez H, Davarpanah M, Missika P, Celletti R, Lazzara R.
Optimal implant stabilization in low density bone. Clin Oral
Implants Res 2001; 12:423—432.

10. Meredith N. Assessment of implant stability as a prognostic
determinant. Int ] Prosthodont 1998; 11:491-501.



232

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Clinical Implant Dentistry and Related Research, Volume 15, Number 2, 2013

Nkenke E, Hahn M, Weinzierl K, Radespiel-Troger M,
Neukam FW, Engelke K. Dental implant stability and histo-
morphometry: a correlation study in human cadavers. Clin
Oral Implants Res 2003; 14:601-609.

O’Sullivan D, Sennerby L, Meredith N. Measurements com-
paring the initial stability of five designs of dental implants:
a human cadaver study. Clin Implant Dent Rela Res 2000;
2:85-92.

Sennerby L, Roos J. Surgical determinants of clinical success
of osseointegrated oral implants: a review of the literature.
Int J Prosthodont 1998; 11:408—420.

Nikellis I, Levi A, Nicolopoulos C. Immediate loading of
190 endosseous dental implants: a prospective observational
study of 40 patients treatments with up to 2-years data. Int J
Oral Maxillofac Implants 2004; 19:116-123.

Skalak R, Zhao Y. Interaction of force-fitting and surface
roughness of implants. Clin Implant Dent Relat Res 2000;
2:219-224.

Le Gall MG. Localized sinus elevation and osteocompression
with single-stage tapered dental implants: technical note. Int
J Oral Maxillofac Implants 2004; 19:431-437.

Nkenke E, Kloss F, Wiltfang J, et al. Histomorphometric and
fluorescence microscopic analysis of bone remodeling after
installation of implants using an osteotome technique. Clin
Oral Implants Res 2002; 13:595-602.

Meredith N, Book K, Friberg B, Jemt T, Sennerby L.
Resonance frequency measurements of implant stability
in vivo. Clin Oral Implants Res 1997; 8:226-233.

Ueda M, Matsuki M, Jacobsson M, Tjellstrom A. The rela-
tionship between insertion torque and removal torque
analysed in fresh temporal bone. Int J Oral Maxillofac
Implants 1991; 6:442-447.

Friberg B, Jisander S, Widmark G, et al. One year prospective
three center study comparing the outcome of a “soft bone
implant” (prototype Mk IV) and the standard Brdnemark
implant. Clin Implant Dent Relat Res 2003; 5:71-77.

Hui E, Chow J, Li D, Liu J, Wat P, Law H. Immediate provi-
sional single-tooth implant replacement with Brdnemark
system: preliminary report. Clin Implant Dent Relat Res
2001; 3:79-86.

Johansson P, Strid KG. Assessment of bone quality from
cutting resistance during implant surgery. Int J Oral Maxil-
lofac Implants 1994; 9:279-288.

Lorenzoni M, Pertl C, Zhang K, Wimmer G, Wegscheider W.
Immediate loading of single-tooth implants in the anterior
maxilla. Preliminary results after one year. Clin Oral
Implants Res 2003; 14:180-187.

Beer A, Gahleitner A, Holm A, Birkfellner W, Homolka P.
Adapted preparation technique for screw-type implants:
explorative in vitro pilot study in a porcine bone model. Clin
Oral Implants Res 2007; 18:103—-107.

Sakoh J, Wahlmann U, Stender E, Nat R, Al-Nawas B,
Wagner W. Primary stability of a conical implant and a

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

hybrid, cylindric screw-type implant in vitro. Int J Oral
Maxillofac Implants 2006; 21:560-566.

Akga K, Akkocaoglu M, Comert A, Tekdemir I, Cehreli MC.
Human ex vivo bone tissue strains around immediately
loaded implants supporting maxillary overdentures. Clin
Oral Implants Res 2005; 16:715-722.

Rabel A, Kohler SG, Schmidt-Westhausen AM. Clinical
study on the primary stability of two dental implant systems
with resonance frequency analysis. Clin Oral Investig 2007;
11:257-265.

Friberg B, Sennerby L, Meredith N, Lekholm U. A compari-
son between cutting torque and resonance frequency mea-
surements of maxillary implants. A 20 months clinical study.
Int J Oral Maxillofac Surg 1999; 28:297-303.

Malo P, Rangert B, Dvarsater L. Immediate function of
Branemark implants in the esthetic zone: a retrospective
clinical study with 6 months to 4 years of follow-up. Clin
Implant Dent Relat Res 2000; 2:138-146.

Horiuchi K, Uchida H, Yamamoto K, Sugimura M. Immedi-
ate loading of Branemark system implants following place-
ment in edentulous patients: a clinical report. Int J Oral
Maxillofac Implants 2000; 15:824—830.

Ottoni JM, Oliveira ZF, Mansini R, Cabral AM. Correlation
between placement torque and survival of single-tooth
implants. Int J Oral Maxillofac Implants 2005; 20:769—
776.

Neugebauer J, Traini T, Thams U, Piatelli A, Zoller JE.
Peri-implant bone organization under immediate loading
state. Circularly polarized light analyses: a minipig study.
J Periodontol 2006; 77:152-160.

Friberg B, Sennerby L, Grondahl K, Bergstrom C, Bick T,
Lekholm U. On cutting torque measurements during
implant placement: a 3 years clinical prospective study. Clin
Implant Dent Relat Res 1999; 1:75-83.

Tricio J, Van Steenberghe D, Rosenberg D, Duchateau L.
Implant stability related to insertion torque force and bone
density: an in vitro study. J Prosthet Dent 1995; 74:608—
612.

Alsaadi G, Quirynen M, Michiels K, Jacobs R, Van Steen-
berghe D. A biomechanical assessment of the relation
between the oral implant stability at insertion and subjective
bone quality assessment. J Clin Periodontol 2007; 34:359—
366.

Turkyilmaz I, Tumer C, Ozbek EN, Toziim TF. Relations
between the bone density values from computerized tomog-
raphy, and implant stability parameters: a clinical study of
230 regular platform implants. J Clin Periodontol 2007;
34:716-722.

Lekholm U, Zarb GA. Patient selection and preparation.
In: Branemark PI, Zarb GA, Albrektsson T, eds. Tissue
integrated prostheses: osseointegration in clinical dentistry.
Chicago, IL: Quintessence Publishing Co. Inc., 1985:
199-209.



38.

39.

40.

Albrektsson TO, Johnansson CB, Sennerby L. Biological
aspects of implant dentistry: osseointegration. Periodontol
2000 1994; 4:58-73.

Niimi A, Ozeki K, Ueda M, Nakayama B. A comparative
study of removal torque of endosseous implants in the
fibula, iliac crest and scapula of cadavers: preliminary report.
Clin Oral Implants Res 1997; 8:286-289.

Becker W, Becker BE, Hulffstetler S. Early functional loading
at 5 days for Branemark implants placed into edentulous
mandibles: a prospective, open-ended, longitudinal study.
] Periodontol 2003; 74:695-702.

41.

42.

43.

High Insertion Torques 233

Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg 1981; 10:387-416.
Albrektsson T, Zarb G, Worthington P, Eriksson AR. The
long-term efficacy of currently used dental implants: a
review and proposed criteria of success. Int ] Oral Maxillofac
Implants 1986; 1:11-25.

Smith DE, Zarb GA. Ciriteria for success of osseointegrated
endosseous implants. ] Prosthet Dent 1989; 62:567-572.



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



