
The International Journal of Oral & Maxillofacial Implants 253

Assessment of Correlation Between Computerized
Tomography Values of the Bone and Cutting Torque

Values at Implant Placement: A Clinical Study
Noriharu Ikumi, DDS1/Sadami Tsutsumi, PhD2

Purpose: The relationship between computerized tomography (CT) values of bone surrounding
endosseous implants and the cutting torque values required for self-tapping during implant placement
was examined for the purpose of predicting the initial stability (bone quality) during implant placement
by presurgical CT scan examinations and determining whether it can be quantified. Materials and
Methods: The study sample consisted of 13 subjects with 56 implants. Sites for implant placement
were determined based on CT data using implant planning software. The average CT values of the
bone surrounding the simulated implants were calculated by the software. Using a stereolithographic
drill guide, implants were placed at the locations indicated by the protocol. The cutting torque values
required for self-tapping were measured during implant placement. The resulting CT values and cut-
ting torque values were analyzed statistically for correlation. Results: The correlation was considered
significant at a level of .01 or less, and the correlation coefficient was 0.77. Discussion: There was a
strong correlation between CT values and cutting torque values in the clinical cases evaluated. These
results indicate that it may be possible to predict and quantify initial implant stability and bone quality
from presurgical CT diagnosis and implant simulation. Conclusion: Presurgical CT examination may be
an effective technique for predicting initial stability of the implant and bone quality. INT J ORAL MAXILLO-
FAC IMPLANTS 2005;20:253–260
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The predictability of dental implant integration has
been improved by innovations in surface proper-

ties and surface materials. However, decreases over
time in the survival rate of implants placed in the
maxillary molar region have been reported exten-

sively in the literature.1–3 In addition, the survival rate
of implants functionally loaded immediately after
placement has been reported to be lower in maxil-
lary situations than in mandibular ones.4 This is
thought to be the result of bone conditions around
the implant, eg, the tendency for there to be less
existing bone capable of allowing implant place-
ment in the maxilla. The cortical bone in this area is
thin and consists of fibrous bone; it is less dense than
that found in the mandible.

In cases of extremely low bone density, initial sta-
bility of the implant immediately after placement is
usually low. Osseointegration may not be established
during the healing period.5–7 In addition, the im-
plant’s ability to support loads once it is functional is
considered to be affected by the density of the bone
surrounding the implant. Consequently, if it were
possible to predict initial implant stability and bone
quality during the presurgical assessment of the
implant site, it might be possible to propose an
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implant treatment protocol offering higher pre-
dictability.

Although there have been numerous reports on
the usefulness of computerized tomography (CT) for
the purpose of assessing bone volume and morphol-
ogy,8–10 there have been few reports on the relation-
ship between CT values and initial implant stability
at sites where implants have been placed in actual
patients. In this study, the correlation between CT
values of the bone and cutting torque values during
implant placement were examined.

MATERIALS AND METHODS

Implants
The implants used in this study consisted of 56 TiU-
nite Mk III implants (Nobel Biocare, Göteborg, Swe-

den) with diameters of 3.75 mm and lengths of 10.0
mm, 11.5 mm, 13.0 mm, and 15.0 mm placed in max-
illary and mandibular bone. These implants were
placed according to the following procedure: (1) A CT
scan was performed with a radiographic template
precisely set on the ridge of the patient (Fig 1).
(2) Placement of the implant was simulated using Sim-
Plant software (Materialise, Leuven, Belgium) (Fig 2).
(3) The SurgiGuide, a custom-made stereolitho-
graphic drill guide, was fabricated by Materialise
based on the simulation data of SimPlant, so as to
allow drilling of the bone at the simulated location
(Fig 3). (4) A hole was drilled at the implant place-
ment site using a 3.0-mm-wide twist drill and the
SurgiGuide (Fig 4). (5) The implant was placed by self-
tapping using the OsseoCare DEC600 surgical motor
system (Nobel Biocare), which measured cutting
torque value during implant placement.11

Fig 1 CT scanning was performed with a radiographic template
in place with barium sulfate and gutta-percha markers.

Fig 3 The stereolithographic surgical guide was fabricated by
Materialise based on the simulation data of SimPlant to permit
implant placement in the simulation sites. The design incorpo-
rated stainless steel tubes as drilling guide holes.

Fig 4 Bone drilling was performed using the stereolithographic
surgical guide, which was set on the bone.

Fig 2 Implant placement simulation was performed using the
SimPlant software. Optimal implant sites and implant sizes were
determined presurgically.
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Fig 5 The average CT values (Hounsfield units) of the surround-
ing bone to a distance of 1.0 mm from the surfaces of the simu-
lated implants were measured using the CT value measurement
function of the software.

Fig 6 Implant placement was performed by self-tapping using
the OsseoCare system, which has a torque measurement function.

Phase 1 Phase 2 Phase 3

Measurement Methods
Measurement of CT Values. CT scanning (Aquilion
Multi TSX-101/4A; Toshiba Medical Systems, Tokyo,
Japan) of the maxilla or mandible was done after
positioning a radiographic template in the form of
the definitive prosthesis under the following condi-
tions: 120 kV, 100 mA, scan time of 1.0 sec, reconstruc-
tion algorithm FC30, slice thickness of 1.0 mm, table
increment of 1.0 mm. SimPlant images were pro-
cessed with ImageMaster 101 (Columbia Scientific,
Columbia, MD) from CT imaging data. The images of
the barium sulfate and gutta-percha markers within
the template, which appeared in the SimPlant
images, were used as indicators of the center posi-
tion and external shape of the respective teeth. The
locations and directions thought to be optimum for
each implant on SimPlant images were determined
and tested using implant placement simulation (Fig
2). SimPlant software calculates the average CT value
in the thin “cup” surrounding the simulated implant
and graphically displays the CT values in thin
rings along the simulated implant’s length. The
width of the rings and the thickness of the cup are
adjustable.12 In this study, the average CT values (ie,

Hounsfield units) of the surrounding bone were
measured to a distance of 1 mm from the simulated
implants (Fig 5), and these CT values were used as CT
values of the bone surrounding the implants.

Measurement of Cutting Torque Values. The cut-
ting torque required for placement was measured
using the torque measurement function of the
OsseoCare system during placement of the implants
by self-tapping (Fig 6). To carry out cutting torque
measurements, “Measure Mode” was selected, and
the implant was rotated into the prepared site.
Although this system displays the respective average
cutting torque value by dividing the number of revo-
lutions required from the start of implant placement
until the motor stops automatically as a result of hav-
ing reached the specified torque in 3 phases (phases
1, 2, and 3) (Fig 7), in this study, the average of the
cutting torque values of phase 1 and phase 2 was
used as the average cutting torque value (Ncm).

Examination of Correlation. The presence of a cor-
relation between CT values and cutting torque val-
ues was tested with Pearson’s correlation coefficient.

Figure 8 shows a schematic representation of the
study design.
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RESULTS

The measured CT values and cutting torque values
comprising the raw data of the 13 patients are
shown in Table 1. There was significant correlation

between CT values and cutting torque values during
implant placement at a level of significance of .01,
and the correlation coefficient was 0.77. A regression
graph of the correlation is shown in Fig 9.

Fig 7 The implant placement process can be divided into 3
components (phases 1, 2, and 3). In this study, the average
torque value of phases 1 and 2, measured in Ncm, was used as
the cutting torque value.
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Fig 8 A schematic diagram of the study design.
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Table 1 CT Values and Torque Values of Implants

Implant Implant CT value Torque
Patient Gender location length (mm) (Hounsfield unit) value (Ncm)

A F 10 (22) 13.0 927 6.0
9 (21) 13.0 791 5.0
8 (11) 13.0 768 6.5
7 (12) 13.0 841 7.5

B M 12 (24) 11.5 847 3.5
11 (23) 13.0 869 5.0
10 (22) 13.0 865 6.5

9 (21) 13.0 813 5.0
C F 11 (23) 13.0 538 3.5

8 (11) 13.0 428 1.5
6 (13) 13.0 428 3.0
5 (14) 13.0 538 4.5
4 (15) 13.0 507 2.5

D M 13 (25) 15.0 868 5.0
12 (24) 15.0 906 8.5
11 (23) 13.0 1,020 4.5

6 (13) 13.0 1,004 10.5
E M 10 (22) 11.5 480 4.0

9 (21) 11.5 425 4.0
8 (11) 11.5 568 3.0
7 (12) 11.5 523 3.5

F M 9 (21) 10.0 472 5.5
10 (22) 10.0 699 7.0

G F 13 (25) 10.0 338 2.0
10 (22) 13.0 597 6.0

8 (11) 13.0 505 1.5
6 (13) 13.0 458 4.5

H F 14 (26) 13.0 330 1.5
12 (24) 13.0 413 2.5

5 (14) 13.0 408 1.5
3 (16) 13.0 218 1.0

I F 15 (27) 11.5 446 3.5
13 (25) 10.0 256 0.5

7 (12) 13.0 550 2.5
5 (14) 13.0 416 1.5
4 (15) 10.0 373 1.5
3 (16) 10.0 208 1.0
2 (17) 13.0 231 2.5

J F 23 (32) 10.0 835 1.5
22 (33) 10.0 851 2.0
27 (43) 10.0 857 4.0

K F 5 (14) 13.0 549 1.5
4 (15) 10.0 316 2.0
3 (16) 10.0 271 2.0
2 (17) 10.0 296 0.5

14 (26) 10.0 341 1.5
15 (27) 10.0 389 1.0

L M 23 (32) 10.0 1,034 8.0
22 (33) 10.0 1,068 7.5
26 (42) 10.0 1,059 7.0
27 (43) 10.0 1,078 12.0

M M 19 (36) 10.0 577 3.5
18 (37) 10.0 652 2.5
28 (44) 11.5 1,099 9.5
29 (45) 10.0 896 3.0
30 (46) 10.0 875 4.5

2 (17) 10.0 725 5.5

Tooth names: Universal (FDI) system.
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DISCUSSION

The most popular current method of bone quality
assessment is that developed by Lekholm and
Zarb,13 who introduced a scale of 1 to 4 based on the
preoperative radiographic assessment and the sen-
sation of resistance experienced by the operator
when preparing the implant site. This method may
have less than desirable reproducibility and objectiv-
ity. Consequently, there has been a desire for a
method of evaluating bone quantity and bone qual-
ity that is both accurate and offers a high degree of
reproducibility for use in presurgical examinations.

Since implants in the maxillary molar region in
particular appear to have a lower osseointegration
rate before loading and a lower survival rate over
time as compared with other sites14–19 and require
considerable caution in terms of performing the
implant surgery, diagnosis and evaluation of the
bone prior to surgery are especially important in this
region. Possible reasons for this include this area
being located directly below the maxillary sinus and
the limited (extremely limited in some cases) quan-
tity of bone available. In addition, since bone density
in this region is also lower in comparison with other
sites,20–22 its ability to support the implant is also
considered to be low.

When considering the bone-implant complex in
terms of biomechanics, the concept of the biome-
chanical safety factor can be considered in the con-
text of the equation �a = �b/S (where �a = allowable
stress, �b = critical stress, and S = safety factor) with

respect to the bone-implant interface. Considering
that a repetitive load is applied to the implant, it is
not preferable to make the biomechanical safety fac-
tor excessively small. In addition, �b is affected by the
implant surface material and surface properties that
have an effect on the bonding force between the
bone and implant, and is also influenced by condi-
tions unique to the patient, such as bone quantity (a
factor that determines the length and diameter of
the implant) and bone density surrounding the
implant. Thus, to maintain the value of allowable
stress �a at an implant site where bone density is
low, it is thought to be necessary to either select an
implant with a large �b value for interface bonding
strength or an implant with a large surface area
(large length and/or diameter).

In addition, when the bone density at the implant
placement site is low, the initial stability of the
implant immediately after placement may also be
low, thereby resulting in the risk of osseointegration
not becoming established during the healing period.
It has been clearly demonstrated both experimen-
tally and clinically that, in cases where the cutting
torque required for self-tapping of the implant or for
drilling a hole at the implant placement site is high,
both bone density and initial implant stability are
usually high.23,24 Since predicting these cutting
torque values at the stage of presurgical diagnosis
involves predicting initial implant stability and bone
density, this would appear to be significant in terms
of developing a treatment protocol having a high
degree of predictability. Thus, in this study, the rela-
tionship between CT values of the bone surrounding
implants and the cutting values required for tapping
during implant placement was examined for the pur-
pose of verifying that initial stability (bone quality)
during implant placement could be predicted and
quantified from presurgical CT data.

Bone mineral density (BMD) can be measured by
the quantitative CT (QCT) method.25,26 Significant
positive correlations have been found between the
pull-out resistance and bone density measured by
QCT27 and between trabecular bone volume and
BMD.28 Research has also shown that it is possible to
predict mechanical properties of bone by QCT,29,30

and a correlation existed between BMD measured
with QCT and the insertion torque of dental implants
in cadaver mandibles.31

Routine CT scanning is usually employed instead
of QCT for diagnosis and treatment planning in
patients who need implants. QCT is neither simple
nor popular compared with routine CT, because a
reference phantom and data calibration are neces-
sary for QCT imaging. Also, it has been reported that
there is a strong correlation between the value in
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Fig 9 Regression graph of the correlation between CT values
and cutting torque values during implant placement.
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Hounsfield units obtained by routine CT scanning
and the subjective bone quality score,32 so the corre-
lation between data obtained by routine CT scan-
ning and cutting torque values was investigated.

In this study, implant placement accuracy was
considered to be improved by using a stereolitho-
graphic surgical guide (SurgiGuide), because it
allowed physical transfer of the implant plan to the
patient’s mouth.33,34 The reason for using the aver-
age cutting torque values of phase 1 and phase 2 of
measurements made by the OsseoCare system for
cutting torque values was that, in the case of apply-
ing a torque of 40 Ncm to the implant at the final
stage of implant placement in phase 3, there is the
risk of thread ridges already formed in the bone
being damaged, and in consideration of this, tighten-
ing during the final 2 to 3 revolutions was performed
with a hand wrench.

In the present study, a significant correlation was
observed between CT values and cutting torque val-
ues during implant placement in maxillary and
mandibular bone at a level of significance of .01 or
less, and the correlation coefficient was 0.77. These
findings suggest a strong correlation between CT
values and cutting torque values during implant
placement and indicate that it may be possible to
predict and quantify initial implant stability and
bone quality from presurgical diagnosis using rou-
tine CT scan data and implant simulation software.

In the clinical setting, in the case of implant place-
ment at a site for which CT values have been deter-
mined to be low using placement simulation, initial
implant stability can be expected to be low and sup-
porting ability inferior. A treatment protocol calling for
the use of an implant having surface characteristics
and a shape such that the critical stress of the inter-
face is large,35–37 or the placement of more implants
than usual, may be required at such sites. This treat-
ment protocol concept may be especially important
to an immediate loading case, where both initial
implant stability and supporting ability are indispens-
able.

The cutting torque value data that were used to
assess bone quality in this report were obtained with
1 implant system, so the results cannot be compared
with those for other systems, which may differ in
screw type or surface texture. Accordingly, a univer-
sal parameter that is applicable to various implant
systems, such as resonance frequency, is now under
consideration for further studies.

CONCLUSION

Preoperative CT scanning was suggested to be effec-
tive for predicting the initial stability of the implant
and the bone quality, thus making more reliable
treatment planning possible.
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