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Abstract

Objective: The aim of this study was to quantify the effect of adapted preparation on the

insertion torque of self-tapping implants in cancellous bone. In adapted preparation, bone

condensation – and thus, insertion torque – is controlled by changing the diameter of the

drilling.

Material and methods: After preparation of cancellous porcine vertebral bone with drills

of 2.85, 3, 3.15 or 3.35 mm final diameters, Brånemark sytem
s

Mk III implants

(3.75 " 11.5 mm) were inserted in 141 sites. During implantation, the insertion torque was

recorded. Prior to implant insertion, bone mineralization (bone mineral density (BMD)) was

measured with dental quantative computed tomography. The BMD values measured at the

implant position were correlated with insertion torque for varying bone condensation.

Results: Based on the average torque recorded during implant insertion into the pre-

drilled canals with a diameter of 3 mm, torque increased by approximately 17% on reducing

the diameter of the drill by 5% (to 2.85 mm). On increasing the diameter of the osteotomy

to 3.15 mm (5%) or 3.35 mm (12%), torque values decreased by approximately 21% and

50%, respectively.

Conclusion: The results demonstrate a correlation between primary stability (average

insertion torque) and the diameter of the implant bed on using a screw-shaped implant.

Thus, using an individualized bone mineralization-dependent drilling technique, optimized

torque values could be achieved in all tested bone qualities with BMDs ranging from 330 to

500 mg/cm3. The results indicate that using a bone-dependent drilling technique, higher

torque values can also be achieved in poor bone using an individualized drilling resulting in

higher bone condensation. As immediate function is dependent on primary stability (high

insertion torque), this indicates that primary stability can be increased using a modified

drilling technique in lesser mineralized bone.

Primary implant stability plays an essential

role in successful osseointegration (Friberg

et al. 1991). Implant stability is determined

by the bone quality and quantity, implant

geometry and the site preparation techni-

que (Sennerby & Roos 1998). Different

strategies to optimize primary stability in

bone of varying quality are available. When

using conical implants, the tapered design

of the implant automatically condenses the

bone (Glauser et al. 2001a; O’Sullivan

et al. 2004; Romanos 2005). With paral-

lel-walled implants, an adapted drilling

technique results in higher success rates.

There, the diameter of the implant canal is

modified dependent on bone structure and

morphology. In case of low supportive

capacity of the jaw bone, the diameter ofCopyright r Blackwell Munksgaard 2006
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the canal drilled is reduced compared with

the standard protocol. This results in ele-

vated bone condensation along the im-

plant, and thus, higher insertion torque

and primary stability. This is crucial, as

implant stability in bone of poor quality

can remarkably decrease and jeopardize the

osseointegration process.

Materials and methods

Bone specimen

Porcine vertebrae from pigs of 30–50 kg

body weight were collected in toto. To

obtain a wide spectrum of bone mineral

density (BMD) values, vertebrae of the

thoracic spine (less dense bone) and lumbar

spine (dense bone) were chosen. Soft tis-

sues were removed from the vertebral

bodies. Porcine vertebrae were chosen for

this study, as they seem to exhibit the

closest concordance regarding mechanical

properties and bone mineralization to serve

as a model for human jaw bone, especially

if softer bone is of interest. Torque values

measured during implant insertion into

porcine vertebral bone are comparable

with maxillary bone. Thus, porcine verteb-

rae seem suitable as a model bone to

evaluate the increase of primary stability

with bone condensation.

Implant system and preparation

Brånemark sytem
s

Mk III implants

(3.75 " 11.5 mm regular platform ma-

chined surface, Nobel Biocare AB, Göte-

borg, Sweden) were inserted in 141 sites in

porcine vertebrae. The implants were re-

moved after completing the postoperative

scan and cleaned individually using an

ultrasound bath before being visually in-

spected and reused (maximally four times,

total 45 implants). The number of im-

plants set in each vertebral body varied

from eight (four at each side) to 11.

The different sites were prepared using

the pilot drill and a twist drill of 2.85 mm

diameter. Final drill diameters were 3, 3.15

or 3.35 mm. A short counter sink was used

(Nobel Biocare AB). Drill diameters were

randomly assigned to the vertebrae and

implant positions. Insertion was performed

using an Osseo Care Unit (Nobel Biocare

AB). As an indicator of implant anchorage

insertion torque (Johansson & Strid 1994)

was measured for every 901 (i.e. four times

per rotation) and recorded. As low torque

values in the beginning of implant inser-

tion are related to the centering of the self-

tapping implants to the pre-drilled implant

canal, these values are excluded from the

analysis (torques smaller than 2 N cm).

Also, torque data from the last rotation,

i.e. final fastening, were excluded from

averaging.

Computed tomography (CT) protocols and
BMD calibration

CT scans were performed using a Tomos-

can SR-6000 (Philips Medical Systems,

Best, the Netherlands) applying a slightly

modified standard dental CT protocol

(1.5 mm collimation with 1 mm table

feed, 120 kV, 150 mAs). For the preopera-

tive scans, the vertebral bodies were placed

into a water-filled phantom of 18 cm dia-

meter (four at a time) to ensure defined

scanning conditions. A calibration standard

(Dental Phantom, Image Analysis Inc.,

Columbia, KY, USA) containing three

compartments with 0, 75 and 150 mg hy-

doxyapatite (HA) per cm3 was attached to

the phantom for BMD calibration. Calibra-

tion was performed by measuring Houns-

field units (HU) in the three compartments

of the dental phantom with known

BMD values applying a linear relationship

(Homolka et al. 2002). With the resulting

calibration equation, Hounsfield values

were converted into BMD values. After

implantation, the vertebrae were scanned

to identify the exact implant positions.

These implant positions were transferred

to the preoperative scans to measure BMD

exactly at the (later) implant locations.

Image processing and BMD measurement
at the implant positions

Image processing was performed using

Analyze (Robb & Barillot 1989; Robb

1999) on a Sun Ultra Spark (Sun Micro-

systems, Palo Alto, CA, USA). Using the

BMD calibration described, the voxel va-

lues (HU) of the preoperative images were

converted to BMD values. The postopera-

tive scans were registered to the preopera-

tive ones (i.e. aligned to each other) using

the normalized mutual information (NMI)

algorithm (Studholme et al. 1998) after the

images had been interpolated to cubic vox-

els with 0.3 " 0.3 " 0.3 mm. Implant po-

sitions were marked as regions of interest

(ROIs) on the postoperative scans and

transferred to the registred preoperative

images (Homolka et al. 2002). BMD pro-

files were then measured vs. insertion

depth at the implant positions. BMD va-

lues at implant positions were calculated

by averaging along the BMD profile. Be-

cause of partial volume effects from scan-

ning, the first 1.5 mm corresponding to one

slice thickness (containing water and bone)

cannot be included in averaging.

Use of this protocol enables to measure

an accurate BMD profile exactly at the

position of the implant using a scan ac-

quired before the implantation procedure.

This is necessary, because BMD varies

distinctively even if closely adjacent re-

gions in the bone are considered.

Data analysis

Insertion torque correlates well with the

bone mineralization. Therefore, BMD

should be accounted for when analyzing

the dependence of torque on adapted pre-

paration. Because of the limited number of

implants in this study, it seemed reason-

able to divide the average BMDs at the

implant sites into three categories. They

are referred to as BMD class 1 to 3 (see

Table 1). A sufficient number of implants

to allow data analysis is found from 330 to

500 mg/cm3 BMD. Therefore, this range

has been divided into three BMD classes of

equal width, and implants outside this

range have been excluded from analysis.

Results

Table 1 shows the number of implants and

average insertion torque of all implants

associated with the BMD classes. In the

least mineralized bone, average insertion

torque increased by 16% with elevated

bone condensation resulting from a smaller

drill diameter (2.85 mm as compared with

the standard 3 mm) and decreased to 74%

when a wider implant canal (3.15 mm)

was used.

In the medium BMD range, the corre-

sponding increase was 20% for higher con-

densation, and a reduction in torque by

20% when using a 3.15 mm drill. Only

in this BMD range reduction in torque

when using 3.35 mm implant canal width

could be evaluated (a reduction by approxi-

mately 50% as compared with the standard

3 mm).
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In BMD class 3 a rise of 14% (higher

condensation) and a reduction by 17% (less

condensation) were observed. Box and

whisker plots of this data are given in

Fig. 1.

Averaging the results of the three BMD

classes in this study provides the following

picture (Table 1): torque rises by approxi-

mately 17% when using an implant bed

preparation with 5% reduced drill dia-

meter, and torque decreases by approxi-

mately 21% when 5% increased drill

diameter is used.

Figure 2 shows a scatter plot of average

insertion torque against BMD for implants

Table 1. Statistics and torque values of implants classified by BMD class

BMD class Drill diameter Number of implants Average torque Minimum Maximum STD Relative torque (%)

o1 3 1 5.31 5.31 5.31 —
3.15 3 3.65 3.31 3.93 0.31

1 2.85 14 6.3 4.85 7.87 0.9 116
(BMD 330 to 386.6 mg/cm3) 3 14 5.42 4.23 6.53 0.67 100

3.15 10 4.03 2.99 4.86 0.55 74
3.35 1 2.73 2.73 2.73 — —

2 2.85 22 8.2 6.25 9.3 0.86 120
(BMD 386.7 to 443.3 mg/cm3) 3 13 6.86 4.8 8.56 1.01 100

3.15 18 5.52 3.94 7.15 0.89 80
3.35 7 3.39 2.6 4.31 0.68 49

3 2.85 10 9.31 7.66 10.95 1.03 114
(BMD 443.4 to 500 mg/cm3) 3 13 8.18 5.54 12.38 1.76 100

3.15 8 6.83 5.42 7.82 0.79 83
3.35 3 3.88 3.29 4.23 0.51 —

43 2.85 2 12.57 10.62 14.52 2.76
3 2 7.39 7.32 7.46 0.1

Average 2.85 117
(1–3) 3 100

3.15 79
3.35 —

Values in italics indicate an implant number o5 in the respective group and have not been included in the analysis.

BMD, bone mineral density.
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Fig. 1. Box plots of insertion torques as a function of bone density and condensa-

tion, i.e. diameter of implant bed (abscissa: 2.85, 3, 3.15 and 3.35 mm,

respectively). Upper row: bone mineral density (BMD) 330–387 mg/cm3 (left),

388–443 mg/cm3 (right). Lower row: left, 445–500 mg/cm3.
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Fig. 2. Insertion torque vs. bone mineral density (BMD) for different preparation

techniques, i.e. bone condensations. Upper row: left, 2.85 mm drill diameter/

3.15 mm implant; right, 3 mm. Lower row: 3.15 and 3.35 mm. Color coding

shows homogeneity of BMD along the insertion path of the implants.
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set into implant canals of 2.85, 3 (standard

preparation), 3.15 and 3.35 mm. In 72.3%

of the implant set, the homogeneity of

BMD along the implant canal is very

good. In 4.3%, homogeneity is rather

poor indicating a BMD rise towards the

apical part of the implant.

Discussion

As a result of former studies (Homolka et

al. 2002; Beer et al. 2003), a prediction of

primary stability (insertion torque) for im-

plants with dental quantitative CT seems

feasible. These parameters were indepen-

dently measured by dental CT and the

Osseo Care (Nobel Biocare) torque measur-

ing unit and were used for prognosing the

supportative capacity of the jaw bone. Find-

ing the relation between insertion torque

and drill diameter for defined implant posi-

tions to guarantee optimal primary stability

was the next step pursued in this work.

Two possible strategies for planning of

surgical procedures were presented (Homo-

lka et al. 2002). For completely edentulous

jaws, where attachment of the prostheses

using a bar unit is planned, implant position

can be chosen, e.g. to achieve maximum

primary stability, i.e. optimal torque values.

Implants in the esthetic zone require an-

other approach, as esthetical considerations

define the final position of the implant.

Depending on the bone at the planned

implant position, an adaptive drilling pro-

cedure can be chosen in order to optimize

implant stability. In the case of poorer

supportive capacity (reduced BMD), the

ratio of drilling to implant diameter could

be adapted, guided by local jawbone BMD.

The question of implant surface is a matter

of secondary stability that develops during

secondary healing in the osseointegration

phase. For primary stability, optimal con-

densation, without overheating of the

bone, reaching a maximum torque around

40 N cm, is the goal. This maximum tor-

que should not be confused with the aver-

age torque used in this work. For calculat-

ing average torque, torque values from final

fastening were skipped as were very small

values in the phase where the implant

orientates itself to the implant canal.

Thus, average and final fastening torque

provide a different sort of information and

should both (independently) be considered

when judging implant anchorage.

Soft bone implant sites have been pointed

out as the greatest potentional risk factor

for implant loss (Friberg et al. 1991; Jacobs

2003) when working with classic protocols

(Watzek & Ulm 2001). When using an

adapted surgical technique without pretap-

ping, minimal or no countersinking, re-

duced drill dimension, long/wide diameter

implants, etc., favorable implant results

can still be obtained in soft bone sites in

connection with immediate loading proto-

cols (Glauser et al. 2001b; Lekholm 2003).

The adapted bone site preparation tech-

nique was originally described by Friberg

(1999), using a final diameter of 3 mm in a

maxillary site with poor texture to harbor

5 mm diameter implants. Ivanoff et al.

(1999) also used an adapted surgical tech-

nique applying 3.7 and the 4.3 mm twist

drills and the 5 mm screw tap before insert-

ing the 5 mm implant into bone of poor

texture. When comparing the two surgical

techniques, one might assume that the

initial implant stability was greater in

the Friberg study (Friberg et al. 2002). In

the work of Ivanoff, the 5 mm implants had

an overall failure rate of 18%. It was stated

that 45% of these 5 mm diameter implants

were used as rescue implants, i.e. they

replaced narrower implants placed with

insufficient initial stability. Another work

by Friberg et al. (2001) showed that with

the adapted preparation technique even in a

group of osteoporotic patients, the survival

rate was 97% after a mean follow-up time

of 3.3 years. The improved bone density by

adaptive drilling helps to optimize primary

implant stability in low density bone.

The result of this study, i.e. an increase

of approximately 15–20% in torque allow-

ing to reach optimum values in softer bone

by reducing the diameter of the pre-drilled

implant canal by 5% compared with

the standard protocol, might serve as a

guidance. Nevertheless, data recorded

from implant insertion in human maxillary

bone applying adapted preparation techni-

ques would be of great value.
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Ivanoff, C.J., Gröndahl, K., Sennerby, L., Bergström,

C. & Lekholm, U. (1999) Influence of varia-

tions in implant diameters. A 3- to 5-year

retrospective clinical report. International

Journal of Oral & Maxillofacial Implants 14:

175–182.

Jacobs, R. (2003) Preoperative radiologic planning of

implant surgery in compromised patients. Perio-

dontology 2000 33: 12–25.

Johansson, P. & Strid, K.G. (1994) Assessment of

bone quality from cutting resistance during im-

plant surgery. International Journal of Oral &

Maxillofacial Implants 9: 279–288.

Lekholm, U. (2003) Immediate/early loading of

oral implants in compromised patients. Perio-

dontology 2000 33: 194–203.

O’Sullivan, D., Sennerby, L. & Meredith, N. (2004)

Influence of implant taper on the primary and

secondary stability of osseointegrated titanium

implants. Clinical Oral Implants Research 15:

474–480.

Robb, R.A. (1999) Biomedical Imaging, Visualiza-

tion and Analysis. New York: John Wiley and

Sons.

Robb, R.A. & Barillot, C. (1989) Interactive display

and analysis of 3-D medical images. IEEE Trans-

actions on Medical Imaging 8: 217–226.

Romanos, G. (2005) Sofortbelastung von enossalen

Implantaten im Seitenzahnbereich des Unterkie-

fers. Berlin: Quintessence.

Sennerby, L. & Roos, J. (1998) Surgical deter-

minants of clinical success of osseointegrated

oral implants: a review of the literature. Inter-

national Journal of Prosthodontics 11:

408–420.

Studholme, C., Hawkes, D.J. & Hill, D.L.G. (1998)

A normalized entropy measure for multimodality

image alignment. SPIE Proceedings Medical Ima-

ging 3338: 132–143.

Watzek, G. & Ulm, C. (2001) Compromised

alveolar bone quality in edentulous patients.

In: Zarb, G.A., Lekholm, U., Albrektsson, T.

& Tenenbaum, H.C., eds. Aging, Osteoporosis

and Dental Implants, 67–84. Chicago: Quintes-

sence.

Beer et al . Adapted preparation technique for screw-type implants

107 | Clin. Oral Impl. Res. 18, 2007 / 103–107


