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ABSTRACT
Aim: This paper reports a case of all-on-four rehabilitation
where bone density at implant sites was assessed both through
preoperative computed tomographic (CT) scans and using a
micromotor working as an intraoperative bone density measurement device.
Background: Implant-supported rehabilitation is a predictable
treatment option for tooth replacement whose success depends
on the clinician’s experience, the implant characteristics and
location and patient-related factors. Among the latter, bone
density is a determinant for the achievement of primary implant
stability and, eventually, for implant success. The ability to
measure bone density at the placement site before implant
insertion could be important in the clinical setting.
Case description: A patient complaining of masticatory
impairment was presented with a plan calling for extraction of
all her compromised teeth, followed by implant rehabilitation.
A week before surgery, she underwent CT examination, and
the bone density on the CT scans was measured. When the
implant osteotomies were created, the bone density was again
measured with a micromotor endowed with an instantaneous
torque-measuring system. The implant placement protocols
were adapted for each implant, according to the intraoperative
measurements, and the patient was rehabilitated following an
all-on-four immediate loading protocol.
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Conclusion: The bone density device provided valuable
information beyond that obtained from CT scans, allowing
for site-specific, intraoperative assessment of bone density
immediately before implant placement and an estimation of
primary stability just after implant insertion.
Clinical significance: Measuring jaw-bone density could help
clinicians to select implant-placement protocols and loading
strategies based on site-specific bone features.
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INTRODUCTION
The success of dental implants relies on successful osseointegration that, in turn, correlates with primary stability at the time of implant placement.1,2 Primary stability
depends on several factors.3 The implant design (implant
and thread shape) and surface topography are the most
important implant-related ones.4 Bone density and the
topographical relationship between cortical and cancellous bone at the insertion site are regarded as the most
important site-related factors.5-9 Measuring bone density
and assessing cortical-cancellous bone distribution at the
placement site before implant insertion is, therefore, of
paramount importance.
At present, bone density measurement at implant sites
relies either on presurgical radiographic evaluation or intraoperatory empirical assessments. Radiographic evaluation through computed tomography (CT) or cone-beam
computed tomography (CBCT) scans has been shown to
provide substantial data about the topographical relation
of cortical and cancellous bone at the placement site.10-14
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Computed tomography technology may supply reliable
information about bone density at the insertion site but
only as an averaged value, and concerns remain about
the radiation-exposure risk.12,14 A CBCT scan exposes the
patient to a smaller radiation dose, but the information it
gives about bone density is not absolute and may depend
on the particular device used.15-18
In their daily routine, surgeons therefore, still rely on
the empirical bone density classification system proposed
by Misch and later modified by Trisi and Rao.19,20 In the
Misch system, bone density is classified subjectively as
the operator creates the osteotomy, with bone densities
ranging from D1 (the hardest) to D4 (the softest). Trisi
and Rao defined three classes only. Both classification
systems suffer from being only qualitative, subjective,
and therefore not reproducible.
Recently, a surgical micromotor has been introduced
featuring an instantaneous torque-measurement system.
This device measures bone density at an intermediate
step of osteotomy creation, using the same principle
highlighted in studies in vitro on pig ribs and jaw autopsy
specimens that showed the cutting resistance to be a
good estimator of bone density at the placement site.21,22
The rationale is that resistance at cutting or at probing
correlates significantly with bone density, because of
the greater friction exerted by denser bone. A study on
bovine ribs has shown that the device provides reliable
bone density values, significantly correlating with actual
histomorphometric data.23 When used on patients, the
device enabled zones of the jaws with different bone
densities to be distinguished.24
Additionally, the device allows instantaneous insertion torque and other correlated values to be recorded at
the time of implant placement. It has also been shown that
the torque-depth function integral the device provides
at implant insertion, correlates with immediate boneto-implant contact (BIC) at insertion in experiments on
bovine ribs, later confirmed by observations on human
subjects.23,25 The device, therefore, seems to convey pivotal information to the surgeon; both, immediately before
implant placement, helping to design a proper implantinsertion intraoperative strategy, and just after insertion,
allowing assessment of the primary stability achieved.
In this study, a case is presented in which bone density
data were acquired using both conventional CT scans
and the torque-measuring system, in order to get an inthe-field assessment of the advantages provided by the
device, if any.

CASE REPORT
The patient was a 49-year-old woman whose masticatory
function was impaired because of teeth 33 to 45 being
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compromised (Figs 1A and B). She was searching for
functional restoration. A rehabilitation plan was designed
calling for extraction of her remaining eight mandibular
teeth, followed by immediate placement of two tilted
implants in positions 45 and 35, two nontilted implants
in positions 42 and 32, and rehabilitation using an ’allon-four’ approach. The patient’s informed consent was
obtained.
The CT scans were analyzed using dedicated software
(3Diagnosis, 3DIEMME, Italy) in order to assess the bone
density at the planned insertion sites (Figs 2A to D). For
each site, radiodensity (in Hounsfield Units, HU) was
measured along a plane as close as possible to the surgical
one. Positions of the insertion planes on the digital files
were selected in relation to the most evident anatomic
references, such as the socket limits or, for element 35, the
emergence of the alveolar nerve. The CT scans were also
analyzed to assess the amount and spatial relationship of
cortical and cancellous bone at each planned placement
site.
Antibiotic prophylaxis (Amoxicillin/Clavulanic acid,
Augmentin, GlaxoSmithKline, Verona, Italy) 1 gm—1 hour
before surgery and then every 12 hours for 3 days, analgesic
therapy (Ibuprofen, Brufen, Abbott, Roma, Italy) 400 mg
three times a day for 3 days, and anti-inflammatory
therapy (Dexamethasone, Decadron, Visufarma, Roma,
Italy) 4 mg just before surgery were initiated, and the
patient was subjected to mouth rinses with chlorhexidine
0.2% (Corsodyl, GlaxoSmithKline, Verona, Italy), to be
continued twice a day for 2 weeks after surgery. The surgical area was anesthetized with articain hydrochloride
40 mg/ml with adrenaline 1:100,000.
A single experienced surgeon (PA) did the surgery
as follows: a 1 cm incision was performed in a palatal
position of the alveolar crest, and a full-thickness flap
was partially elevated to expose the underlying bone
ridge. Subsequently, all elements of the lower arch
were extracted atraumatically. To create the osteotomies,
the surgeon first created a 2.2 mm round hole through
the cortical bone layer and subsequently used a 2.3 mm
bur to the depth of 8 mm (the desired implant placement
depth). Before enlarging this to its final diameter, a bone
reamer was used to drill a 3 mm deep, 3 mm wide access
hole that eliminated the initial overly dense cortical bone
layer and allow proper bone density measurement.
The device used both to measure the bone density and
later to prepare the implant sites was a TMM2 surgical
micromotor (IDI Evolution, Concorezzo, Italy). During
the bone density measurement, a dedicated probe was
mounted on the handpiece (Fig. 3A). This probe is a 2 mm
wide cylinder featuring equally spaced threads; its width
is 3 mm and its shape is a 1° reverse cone. After switching
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Figs 1A and B: Preoperative radiograph (A) and CT scan (B)
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Figs 2A to D: For each site, a panoramic projection is presented. The planned insertion axis and the corresponding section in position
45 (A), 42 (B), 32 (C) and 35 (D) are shown

the handpiece to its measurement mode, the first probe
thread was inserted into the access hole. The surgeon
proceeded to switch on rotation and allow the probe
to screw into the previously prepared tunnel, without
exerting any additional pressure (Fig. 3B). The upsidedown cone shape of the threads allowed the device to
measure the friction encountered by the first thread
only. When the device was in its measurement mode, the
probe rotated at a given speed (30 rpm) and could reach
35 N × cm maximum torque. While the probe deepened

into the tunnel, software performed a high frequency
sample measurement of the instantaneous torque needed
to keep the speed constant. Given that the probe threads
were evenly spaced and their pitch was known, the
device also recorded the depth the probe had reached.
This allowed a torque-depth graph to be generated which
displayed how the instantaneous torque varied according
to the probe depth (Figs 4A to D). In addition, for each
measurement, the device showed the torque peak (Cp)
and average (Cm), the value of the torque-depth curve
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integral (I), and the maximum depth reached by the probe
(P). Instantaneous torque may be regarded as a pointto-point estimator of bone density along the tunnel, the
rationale being that the denser the bone, the greater the
friction on the probe thread, as well as the torque needed
to keep the rotation speed constant. In turn, the average
torque at probing may be regarded as an estimate of
the average bone density along the whole tunnel. Data
collection was supervised by a single operator trained in
the detection method and recorded in the device’s solidstate memory to be downloaded later for further analysis.
Cylindrical implants (Aries, IDI Evolution, Concorezzo, Italy), featuring a body diameter of 3.40 mm,
a thread diameter of 3.75 mm, and a smooth 4.00 mm
diameter head that allowed for supracrestal implant

A

placement, were chosen for all sites. The implant length
was 14.0 mm for sites 42 and 32, and 15.5 mm for sites
45 and 35. Sites were prepared in accordance with the
bone density measurements and the torque-depth plot
obtained with the micromotor (Figs 4A to D): site 45,
with the lowest density values, was under-prepared at
3 mm. Sites 42 and 35 were under-prepared at 3.2 mm,
while site 32 was prepared at 3.4 mm. While placing each
implant, the device recorded the instantaneous torque
and displayed this as a torque-depth plot, along with the
calculated average torque, peak torque, and the integral
of the torque-depth curve at insertion (Figs 5A to D).
Bone density measurements from the preoperative CT
scans and the correspondence between CT HU units and
Misch classification classes are depicted in Tables 1 and 2,

B
Figs 3A and B: The device probe (A) and the measurement (B)

A

B

C

D

Figs 4A to D: The instantaneous torque plots recorded during the intraoperative density assessment at each implant site position: 45 (A),
42 (B), 32 (C) and 35 (D). Cm: Average torque, Cp: Peak torque, I: Integral of the torque-depth curve, P: Maximum depth reached by
the probe (in tenths of millimeters)
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Figs 5A to D: The instantaneous torque plots recorded during implant insertion at each implant site position: 45 (A), 42 (B), 32 (C) and
35 (D). Cm: Average torque, Cp: Maximum torque, I: Integral of the torque-depth curve, P: Maximum depth reached by the probe (in
tenths of millimeters)

respectively.26 Such data were interpreted as follows: site
45 was regarded as featuring an average D3 density and,
in particular, a middle low-mineralized area. Position 42
was similar, with a density lower than 45 in the apical
portion. At the coronal and apical portions of position 32,
two D1 density zones could be observed, while the central
area corresponded to D4 bone density. Finally, in position
35, where a tilted implant was to be inserted, D1 density
bone was observed in the coronal portion, becoming less
dense toward the apex. The intraoperative assessment
of bone density made it possible to obtain a point-topoint density measurement of the implant osteotomy,
as shown in Figures 4A to D. Average bone density was
expressed by two parameters assessed by the device
Table 1: Bone density measured by CT scan and expressed in
HU units
Position 45 Position 42 Position 32 Position 35
Coronal

729

Intermediate –18
Apical
687
Average

466 (D3)

830

1378

1160

30

190

130

378
723
325
412.67 (D3) 763.67 (D3) 538.33 (D3)

Table 2: Correspondence between HU values and Misch bone
density classification according to Turkyilmaz et al26
HU
< 150
150–350
350–850
850–1250
> 1250

Misch class
D5
D4
D3
D2
D1

Table 3: Intraoperative measurements. Cm: Average torque;
Cp: Peak torque; I: Torque-depth curve integral
Intraoperative
density
assessment
Cm
Cp
I

Position 45
4
12
61

Position 42
7
14
79

Position 32
17
28
175

Position 35
9
20
119

Table 4: Measurements at implant insertion. Cm: Average
torque; Cp: Peak torque; I: Torque-depth curve integral
Implant
insertion
Cm
Cp
I

Position 45
16
49
179

Position 42
13
32
120

Position 32
19
49
170

Position 35
20
37
189

during probing: the average torque (Cm) and the integral
of the torque-depth function (I). These values are shown
in Table 3 together with the peak torque value (Cp). Plots
of the instantaneous torque-depth curves are shown for
each insertion site (Figs 5A to D). The corresponding
quantitative parameters (Cp, Cm and I) are provided in
Table 4.

DISCUSSION
Bone density at implant placement sites correlates strictly
with implant primary stability.5-9 Its assessment is, therefore, of pivotal importance in planning site preparation
and the loading strategy of osseointegrated implants.
Computed tomography scans provide an objective and
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reliable preoperative assessment of bone density through
the intensity of grey shades when measured in HU units.27
Such measurements correlate significantly with implant
primary stability.28 Similar measurements from CBCT
scans, even if dependent on the specific device being
used, still correlate with histomorphometric bone density and primary implant stability.29-32 However, bone
density may show ample variations even in contiguous
points of the maxillary bone, and this raises the question of whether absolute or relative bone density values
assessed on preoperative CTs or CBCTs will correspond
to the ones at the actual placement sites, since these may
not overlap perfectly with the ones preplanned on the
digital scans.12 Even using stereolithographic guides for
implant placement may not solve this issue since significant deviations from the preplanned placement positions
may still be observed, the greatest errors being found
when patients move during the CT scans, resulting in
significant divergence at the level of the head and apex
of the implants, and also in angular deviation.33-37 Bone
density measurements with both CT and CBCT should
be regarded only as indicative of the density at the actual
placement site, because of topographical deviations from
the planned placement position that may incur during
implant positioning. Additionally, such measurements
provide only preoperative information. In this sense, the
traditional bone density measurement procedure based
on the surgeon perception of hardness at bone drilling,
corresponding to the Misch or Trisi and Rao classifications, has the advantage of being intraoperative and sitespecific. However, it is scarcely reproducible and, above
all, lacks objectiveness. Data in this case report show that
the device tested enabled detailed assessment of the bone
density at the implant-placement site. In particular, the
torque-depth plots provided detailed information about
the location of areas showing greater or lower density
along the osteotomy. The device allowed a finer characterization (Table 3) of the implant sites which, on the
bases of the averaged CT measurements only (Table 1),
appeared more homogenous as far as their density was
concerned, since all could have been classified as D3
density sites. Parameters at probing and, above all, the
torque-depth graph, showed a more detailed picture of
the bone availability along each osteotomy. Additionally,
the intraoperative assessment could be performed at an
early stage of the site preparation, allowing for further
adaptation of the drilling protocol according to the results
of the measurement. The device also permitted measurement of a quantity at insertion, the torque-depth curve
integral, correlated to the final implant BIC and the primary
stability achieved, thus giving immediate feedback about
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the correctness of the positioning strategy. As assessing
primary stability is fundamental in the choice among
immediate or early or delayed loading protocols, further
studies should be aimed at defining site preparation
protocols and loading strategies on the basis of precise
rationales, taking into account both CT and CBCT data
and the bone density plots recorded by the device.38,39

CONCLUSION
The device tested provided detailed intraoperative
information about the variation of bone density along the
actual implant osteotomy that completed the anatomic
and density data provided by CT scans.

CLINICAL SIGNIFICANCE
The device appears to be a helpful intraoperative instrument, one that facilitates adaptation of the drilling
protocol and implant loading strategy to the bone density
locally assessed at the implant placement site. Its routine
use in a clinical setting should be assessed in controlled
clinical trials involving a greater number of patients.
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