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Bone Density Assessments of Dental Implant Sites:
3. Bone Quality Evaluation During Osteotomy and

Implant Placement
Scott Lee, DDS, MS1/Bernard Gantes, DDS, MS2/Matt Riggs, PhD3/Max Crigger, DDS, MS4

Purpose: In previous publications of this series of studies on human cadaver jaws, bone densities
were assessed and compared using subjective evaluation, conventional computed tomography (CT),
and cone-beam computed tomography (CBCT). The aim of this study was to compare subjective bone
quality during osteotomy and implant insertion resistance torque to noninvasive subjective and objec-
tive radiographic bone density assessments. Materials and Methods: Forty-two designated implant
sites were selected. Self-tapping implants were inserted into these sites. The operator subjectively
rated the bone density during the osteotomy procedure. Resistance torque was recorded during inser-
tion of the implants. Results: Subjective drilling resistance was modestly correlated to subjective radi-
ographic density evaluation (Lekholm and Zarb; Spearman’s rho of 0.53, P < .001). Subjective drilling
resistance compared to the bone density in Hounsfield units (HU) obtained using CT and CBCT showed
correlation coefficients of 0.61 and 0.59, respectively (P < .001). Significant overlap of density values
was found for adjacent drilling ratings. On average, a difference in bone density of 180 HU was
required to identify differences between drilling resistance groups. Comparisons of 2 implant insertion
resistance torque variables (highest reading and regression slope of available readings) with CT and
CBCT HU showed correlation coefficients of 0.61 to 0.63 (P < .01). Conclusion: Insertion torque resis-
tance was modestly correlated with objective CT and CBCT measurements of bone density. The merit
of these assessments of cadavers awaits clinical study. INT J ORAL MAXILLOFAC IMPLANTS 2007;22:
208–212
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Traditionally, functional occlusal loading of root-
form implants has been delayed to allow ade-

quate peri-implant bone apposition, defined as
osseointegration.1,2 The delay prior to loading is usu-

ally between 3 and 6 months. The length of the delay
may vary because of variations in the quality and
quantity of bone as well as the specific implant fea-
tures (size, shape, and texture). Reducing the prepros-
thetic time period appeals to most patients.3 One-
stage implant placement with immediate prosthetic
loading has been proposed for implants demonstrat-
ing postplacement stability in dense bone.4–14

Accurate assessment of recipient sites prior to
implant placement is essential, particularly when
planning immediate loading of dental implants.
However, at the present time, subjective assessments
of the sites based on preoperative radiographs and
bone resistance during osteotomy and implant
placement are the accepted means of bone quality
determination.

Three-dimensional radiographic surveys, such as
computed axial tomographic images can give useful
information on bone quality. In addition to the vol-
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ume of bone available at the surgical site, radi-
ographic bone density can be objectively measured
in Hounsfield units (HU) or bone mineral density
units. Cone-beam computed tomography (CBCT )
may reduce the radiation dose to the patient.15,16 In
the previous publications of this series, human
cadaver jawbone densities were assessed with con-
ventional CT17 and CBCT.18 Although the bone den-
sity measurements obtained with CBCT generally
provided somewhat higher HU counts, they were
closely correlated to the CT HU values.18

Subjective postplacement stability of the implant
is defined as the absence of visual and tactile move-
ment of the implant.19 Objective methods of post-
placement implant stability are limited. One such
method is the measurement in Ncm of the torque
required to fully insert a screw-shaped implant.20–23 A
minimum resistance torque level of 40 Ncm has been
suggested as the acceptable threshold level of initial
stability when considering immediate loading.24 This
level of torque may not be achieved routinely in soft
bone. There is some evidence that the amount of
insertion resistance torque is dependent upon the
density of surrounding bone as determined by CT.25

The aim of this study was to compare bone qual-
ity evaluated subjectively during osteotomy and
with implant insertion resistance torque to noninva-
sive subjective and objective radiographic bone den-
sity assessments.

MATERIALS AND METHODS

Human cadaver jaws, described in parts 1 and 2 of this
series, were screened to identify those that could
accommodate placement of a single-size implant.17,18

Specimens representing edentulous areas of all
regions of the jaws were retrieved. The blocks were
approximately 1 cm wide and 3 to 4 cm long.

Forty-two implant sites (1 to 4 per edentulous
space) were identified by the placement of 2-mm-
diameter aluminum direction indicators. CT and
CBCT scans were obtained.

In the previous studies, the following recordings
were made: (1) Subjective evaluation of radiographic
density by a single experienced operator using the
Lekholm and Zarb26 index (1 to 4) from sagittal
images (CT and CBCT scans) of each implant site, (2)
bone density measurements expressed in HU from
CT images of the sites,17 and (3) bone density mea-
surements expressed in HU from CBCT images of the
sites.18 These recordings were used for comparison
with the data acquired for this study.

A surgical unit capable of recording resistance
torque up to 40 Ncm was used (OsseoCare; Nobel

Biocare, Göteborg, Sweden). All instrumentations
were carried out by a single experienced operator.
Standardized osteotomy preparations were carried
out to accommodate the placement of self-thread-
ing cylindric implants (4.0 � 10.0 mm, Mk III, Nobel
Biocare). Instrumentation included 2.0-mm pilot and
3.15-mm twist drills. Drills were changed following
every 10 osteotomies. No countersinking was per-
formed. During the osteotomy procedure, the opera-
tor subjectively rated the drilling resistance using the
Misch27 classification (1 to 4).

The implant insertion resistance torque was then
measured and recorded. Resistance torques were
recorded for every quarter turn. Three possible inser-
tion scenarios occurred: (1) The pre-set maximum
torque was reached prior to full insertion, at which
time, the number of supra-alveolar threads were
assessed, and insertion was completed using a hand
wrench. (2) The pre-set maximum torque was
reached with full  inser tion. (3) Full  insertion
occurred, but the preset maximum torque was not
reached. In this case, the implant was removed and a
tapered implant (4.0 � 10 mm, Mark IV, Nobel Bio-
care) was inserted. Insertion resistance torque mea-
surement was repeated. Resistance torque values
were recorded on memory cards provided with the
unit.

A varying number of positive (nonzero) quarter-
turn readings were obtained for the 42 implant sites.
For each series of values recorded, the resistance
torque was expressed in 2 different ways: (1) the
highest reading of the series and (2) the slope of the
regression line after subjecting the available series of
readings to linear regression analysis.

Data Analysis
Correlations between the various bone density
assessments were determined by calculations of
Spearman’s rho. Differences in CT and CBCT HU
counts between consecutive and nonconsecutive
subjective drilling score groupings were evaluated
using 2-tailed Student t tests.

RESULTS

Subjective Drilling Resistance Assessment
Subjective drilling resistance assessment of the 42
osteotomy sites resulted in the following distribution
of scores: 6 sites (14%) were classified as D1, 18 sites
(43%) were classified as D2, 12 sites (29%) were classi-
fied as D3, and 6 sites (14%) were classified as D4. Sub-
jective drilling resistance assessment rating provided
a correlation of 0.53 (Spearman’s rho, P ≤ .001) with
subjective radiographic bone density rating (Table 1).
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Table 4 Correlation Between CT and CBCT HU
Counts and Implant Insertion Resistance Torque
Measurement Variables (n = 42)

CT CBCT

Highest torque 0.62* 0.63*
Slope 0.61* 0.63*

*P ≤ .01.
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The mean (± SD) HU values for CT and CBCT scans
are listed relative to sujective drilling density rating
in Table 2. The differences between the HU counts for
the various drilling resistance scores and the results
of statistical analyses of these differences are graphi-
cally displayed in Fig 1. For consecutive drilling
scores for CBCT (D1 versus D2, D2 versus D3, and D3
versus D4), only the difference between D3 and D4
(209 HU) was significant (P ≤ .001). All of the differ-
ences between nonconsecutive drilling scores (D1
versus D3, D1 versus D4, and D2 versus D4) were
large enough to be statistically significant. The mag-
nitude of these differences ranged from 183 to 392
HU (P ≤ .05 to P ≤ .0001).

Comparison of subjective radiographic bone den-
sity and subjective drilling resistance assessments to
CT and CBCT HU values produced coefficients of cor-
relation between 0.58 and 0.61 (P ≤ .001; Table 3).

Implant Insertion Resistance Torque
Preset maximum insertion torque (40 Ncm) was
reached with 36 of the 42 implants. When the inser-
tion unit reached the preset maximum torque, 11 of
the 42 implants were inserted to only one third or
less of the total implant length available. Six of the 42
implants were inserted more than a third but not

Table 1 Subjective Drilling Density Rating (Misch
classification) Versus Subjective Radiographic
Bone Density Assessment (Lekholm and Zarb 
Classification): No. of Sites with Concordant and
Discordant Scores

Subjective radiographic 

Subjective drilling
bone density assessment

density rating 1 2 3 4 Total

D1 4 2 0 0 6
D2 4 11 3 0 18
D3 2 8 0 2 12
D4 0 1 2 3 6
Total 10 22 5 5 42

Spearman's rho = 0.53, P ≤ .001

Table 2 Mean HU (± SD) for Subjective Drilling
Density (Misch Classification)  

Subjective drilling 
CT CBCT

density rating n Mean SD Mean SD

D1 6 629 69 811 62
D2 18 508 130 685 129
D3 12 444 82 628 115
D4 6 310 111 419 205
Total 42 479 138 649 168
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Fig 1 Comparison of CT and CBCT HU counts and subjective
drilling bone assessment (Misch classification). The numbers on
the lines indicate the mean differences between consecutive
drilling scores (D1 versus D2, D2 versus D3, and D3 versus D4)
and nonconsecutive drilling scores (D1 versus D3, D1 versus D4,
and D2 versus D4) and the results of statistical analyses. 

Table 3 Correlation Between CT and CBCT HU
Counts and Subjective Drilling Density Rating
(Misch Classification) and Subjective Radiographic
Bone Density Assessment (Lekholm and Zarb 
Classification; n = 42)

CT CBCT

Subjective radiographic bone 0.58* 0.59*
density assessment 
Subjective drilling density rating 0.61* 0.59*

*P ≤ .001.

CT CBCT
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beyond two thirds of their length. Nineteen of the
implants were inserted more than two thirds and up
to the entire implant length. The remaining 6
implants were fully inserted without reaching the
preset maximum torque. Four of these 6 implants
were subjectively rated as stable. These 6 implants
were then carefully removed and replaced by
tapered implants. The tapered implants were fully
reinserted without reaching preset maximum
torque. All 6 tapered implants were subjectively con-
sidered stable.

Comparisons of the 2 implant-insertion resistance-
torque variables (highest reading of the series and
the slope of the regression line of the series) with CT
and CBCT HU values are presented in Table 4. Correla-
tion coefficients of 0.61 to 0.63 (P ≤ .01) were found
for both highest torque and slope comparisons.

DISCUSSION

Accurate assessment of recipient sites prior to
implant insertion is essential to guide implant place-
ment, particularly when planning immediate loading
of dental implants. For planning purposes, the bone
quality can be assessed presurgically using radi-
ographic analysis and confirmed surgically by evalu-
ating drilling and insertion torque resistance.

The radiographic bone quality classification sys-
tem of Lekholm and Zarb26 has often been used to
assess the bone quality of implant sites. As it may not
be easy to demarcate one type of bone quality from
the next, measuring HU from CT or CBCT can provide
more objective assessment of bone quality. Studies
by Shahlaie et al17 and Aranyarachkul et al18 com-
pared the Lekholm and Zarb26 classification with HU
values obtained using CT and CBCT. These studies
found significant overlap of the HU values compar-
ing the various classification scores. An average dif-
ference of about 180 HU was required for the clini-
cian to distinguish radiographic bone density of 1
level from another.

Trisi and Rao28 reported similar difficulties in
determining bone quality using the Misch27 classifi-
cation to assess resistance during bone drilling.
Although the distinction of histomorphometric bone
density determination was clear between types D1
and D4, major overlap was observed when the HU
values for types D2 and D3 were compared. In the
present study, similar observations were made, as
there was significant overlap of HU density values for
adjacent osteotomy drilling resistance ratings. On
average, a radiographic difference of 180 HU was
required to identify differences between consecutive
drilling resistance groups. This result was comparable

to the previous findings in the series using the
Lekholm and Zarb classification.17,18

The correlation between subjective drilling resis-
tance and subjective radiographic bone density by
Lekholm and Zarb was limited (Spearman’s rho = 0.53,
P ≤ .01). Comparisons between subjective drilling
resistance and objective assessment of CT and CBCT
HU values demonstrated slightly higher correlations
(0.61 and 0.59, respectively; P ≤ .001). When the maxi-
mum resistance torque was reached, all implants
demonstrated initial clinical stability, regardless of
radiographic or drilling resistance values.This scenario
was encountered in spite of the modest Spearman’s
rho correlation values of 0.61 to 0.63.

If the unit had been capable of delivering and
measuring torque resistance beyond 40 Ncm, it is
possible that higher correlations would have been
achieved. Forty percent of the implants in this study
were inserted to less than two thirds of their length
using a torque of 40 Ncm. Other researchers using
human cadaver bone to compare objective CT radi-
ographic bone density (bone mineral density) have
reported a higher correlation to implant insertion
resistance torque.22,23

In the present study, 6 of the cylindric implants
failed to reach 40 Ncm insertion resistance torque
value. In spite of this limitation, 4 of the 6 implants
were subjectively judged as stable. The protocol
required that the 6 be reversed and replaced with a
tapered implant. This procedure resulted in subjec-
tive stability for all 6 implant replacements, although
the threshold of 40 Ncm torque resistance was still
not reached. Consequently, when facing this particu-
lar scenario in a clinical setting, it may seem prudent
to delay functional loading or to use a wider implant.

The limitations of this study include the use of
cadaver bone as the specimen model. Implant inser-
tion resistance torque recorded in cadaver bone may
differ from that recorded in living bone. A recent
study comparing CT HU values with resistance inser-
tion torque values obtained during the initial two
thirds of insertion reported a 0.77 coefficient of cor-
relation.25 This difference may have been due to the
use of vital bone.

Objective bone assessments obtained from CT or
CBCT scans in combination with implant insertion
resistance torque values may provide critical infor-
mation regarding initial implant stability.
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