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Objectives: An efficient, safe, affordable and easily accessible measuring instrument
for quantitative assessment of bone prior to dental implant placement enables more
accurate treatment planning. Costly imaging modalities are neither widely available,
nor affordable for some patients. This study sought to assess the efficacy of a newly
designed digital bone gauge for measurement of bone width with 0.1 mm accuracy in
comparison with a digital caliper.
Methods: Using CATIA software, three-dimensional (3D) model of the instrument
was designed and its experimental version was fabricated in two models and tested
on an edentulous alveolar ridge model. The efficacy of the instrument was assessed
by comparing the values obtained by the designed bone gauge with direct
measurements made by a digital caliper. The buccolingual width of the edentulous
ridge was measured at the crestal level and at 1, 2, 3 and 4 mm apical to the bone
crest by the designed bone gauge and digital caliper. The intraclass correlation
coefficient (ICC) of the values was calculated.
Results: Virtual and experimental models of the instrument were designed and
patented. The designed instrument was successfully capable of measuring bone width
with 0.1 mm accuracy. The ICC values at 1, 2, 3 and 4 mm apical to the bone crest
and at all levels were calculated to be 0.973, 0.994, 0.997, 0.998 and 0.998,
respectively.
Conclusion: The designed digital bone gauge can efficiently measure bone width at
different levels with high accuracy. It can provide valuable and reliable information
about bone width at initial clinical examination.
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Accuracy
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Introduction
By an increase in use of dental implants for
masticatory system rehabilitation, influential
factors on the success/failure of dental
implants have become a topic of growing
interest. Implant position is an important
factor affecting the success of dental implant
treatment, which is dictated by the quality and
quantity of bone (1). The quality and quantity
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of bone are the two major factors indicating
the biomechanical properties of bone; they
play a fundamental role in selection of the
technique of surgery and type of implant in
treatment planning. Adequate knowledge
about the properties of the alveolar bone in
each patient is necessary for proper treatment
planning and deciding on the number of
implants required, their diameter and type of
loading (2).
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Alveolar bone defects are considered a major
obstacle against implant placement and
necessitate modifying the treatment plan by
changing the site of implant placement or
conduction of bone augmentation. Detection
of these defects prior to surgery would be
efficient. The currently available techniques
to reveal bone morphology beneath the soft
tissue include conventional radiography, 3D
computed tomography and bone mapping
(direct probing of bone). The 2D conventional
radiographs are not efficient for this purpose
since they cannot visualize the diameter or
buccolingual width of bone, which is
necessarily required for selection of implant
with a proper diameter. The 3D imaging
modalities are highly accurate for measuring
bone dimensions. These modalities are
currently used along with surgical guides for
surgical navigation systems and flapless
implant placement. Despite high accuracy and
optimal quality, they are not widely accessible
due to high cost. On the other hand, not all
patients can afford such treatments, and
simpler low-cost techniques are highly
appreciated by patients and clinicians (3-6).
A consensus has not been reached on a
standard technique for assessment of bone
quantity in all patients and all clinical settings.
Bone mapping appears to be simple and
affordable; however, its accuracy highly
depends on the operator’s experience and
skills and it may yield variable results
depending on the level of pressure applied,
thickness of the overlying soft tissue, hardness
of cortical bone and presence of bone defects
and concavities in some areas of the alveolar
ridge as in the anterior maxilla (7). For the
aforementioned reasons, bone mapping is not
considered a standard technique to decide on

www.jds.sbmu.ac.ir

the proper implant diameter for use. A simple,
affordable and easily accessible technique for
this purpose can greatly enhance implant
treatment planning. Bone gauges were
introduced to serve this purpose. However,
they have numerous limitations since they
measure bone width in two points (buccal and
lingual) and one dimension (buccolingually).
Buccolingual bone width at the crestal level
and a few millimeters apical to the bone crest
has high clinical significance. Thus, the
current study aimed to design a digital bone
gauge with the following criteria: (I) Clinical
applicability; (II) measuring and displaying
the dimensions digitally with 0.1 mm
accuracy to minimize visual errors and (III)
using three points at the buccal, lingual and
coronal aspects instead of two points to enable
2D measurements (horizontal and vertical).
Manufacturing such an instrument would
increase the accuracy of dental implant
treatment planning and decrease the
perioperative
and
postoperative
complications. This study sought to design
and compare the efficacy of a digital bone
gauge with a digital caliper by direct
measurement of bone width on an edentulous
alveolar bone model.

Methods
This study was conducted in three steps: (A)
Designing the instrument, (B): fabrication of
the instrument and (C) testing its efficacy in
comparison with a digital caliper on bone
model.
(A) Designing the instrument: This instrument
is composed of a mechanical and an electronic
part. Both parts were designed with the
cooperation of medical engineers in Amir
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Kabir University. Its mechanical part includes
two horizontal handles, one vertical handle and
a screw to adjust the position of vertical
handle. It was designed in such a way that
when used in the oral cavity, its vertical pin
passes through the gingiva and reaches the
bone crest at the treatment site; at this position,
the clinician closes the handles and the
horizontal pins contact the buccal and lingual
bone plates at both sides. In this state, the
electronic sensors located on the handles
measure the distance between the two
horizontal pins. By pressing the measurement
button on the digital kit, bone width between
the two horizontal pins is measured and
displayed on the monitor with 0.1 mm
accuracy. This value indicates bone width at 1
mm apical to the bone crest and is saved in the
memory of the instrument. By adjusting the
vertical pin screw, the two horizontal pins are
positioned 1 mm apical to their previous
position. After reaching the buccal and lingual
plates, bone width is displayed and saved. The
displayed value at this position indicates bone
width at 2 mm apical to the bone crest. The
same procedure is repeated to measure
buccolingual diameter of bone at 3 mm apical
to the bone crest. Using the three saved values,
an estimated 2D shape of bone is drawn on the
display monitor.
One important point taken into account in
designing this instrument is that the sensors
and electronic components can be detached
from the mechanical component; thus, the
mechanical component can be easily
autoclave-sterilized.
(B): Fabrication of the experimental model of
the instrument: Two experimental models of
the instrument were fabricated to assess its
efficacy and eliminate possible problems in
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order to later fabricate the final model with
the ability to sterilize its intraoral
components.
(C) Testing efficacy on bone model: A total
of 12 points were marked on an edentulous
mandibular model. At each point, four levels
(1, 2, 3 and 4 mm apical to bone crest) were
marked with a waterproof copying pencil.
Bone width was measured using the designed
bone gauge and a digital caliper with 0.1 mm
accuracy. All measurements were repeated
twice by the same operator. The Pearson’s
intraclass correlation coefficient (ICC) was
calculated for the data obtained by the
designed bone gauge and digital caliper
(Figure 1). The instrument was first designed
in a computer and then in the Robotic
Laboratory of Amir Kabir University. The
electronic board of the instrument includes
several components as shown in Figure 2, and
Figure 3 shows the mechanical part of the
instrument.

Figure 1- Edentulous mandibular model used for
testing of the efficacy of newly designed bone gauge

Figure 2- Electronic board of the digital bone
gauge. This board includes a ATMega 16
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microcontroller with the following components: (I)
Display monitor, (II) microcontroller programming
port, (III) microcontroller, (IV) 5V power supply,
(V) power capacitor, (VI) LED power, indicating
that the circuit is on or off, (VII) resistor for LED
current control, (VIII) button to turn the circuit on
or off, (IX) set button to adjust the zero point and
calculate the angle relative to the zero set position,
(X) resistor and Biasing IC AS5045 capacitors, (XI)
connector connecting the main board to the sensors

of magnet and IC magnetic sensor, (III) vertical
pin, (IV) horizontal pin, (V) screw to adjust the
vertical pin and (VI) wire connecting the magnetic
sensor to the main circuit

Results
To assess the efficacy of the instrument, an
edentulous mandibular model and a digital
caliper with 0.1 mm accuracy were used. The
results of measurements made at 1, 2, 3 and 4
mm apical to the bone crest are presented in
Table 1.

Figure 3- Mechanical part of the gauge includes (I)
handles adjusting the horizontal pins, (II) location

Table 1- Bone measurements (mm) obtained with the newly designed bone gauge and caliper at four levels (1,
2, 3 and 4 mm apical to the bone crest) of 12 points marked on the edentulous mandibular bone model
1 mm apical
2 mm apical
3 mm apical
4 mm apical
Points
to crest
to crest
to crest
to crest
Caliper
Caliper
Caliper
Caliper
Bone gauge
Bone gauge
Bone gauge
Bone gauge
1
5.9
5.8
9.8
9.6
10.4
10.5
13.7
13.7
2

4.9

5

6.5

6.4

10.9

10.7

12.8

13

3

5.1

4.9

6.6

6.6

11.4

11.2

12.2

12.4

4

6.2

6.1

7.8

7.7

8.7

8.7

11.3

11.5

5

6

5.9

6.3

6.4

6.9

7

8.1

8

6

5.3

5.5

6.1

6

6.7

6.8

7.7

7.9

7

5.8

5.9

6.7

6.6

7.9

7.9

8.4

8.5

8

5.4

5.4

6.5

6.7

7.1

6.9

8.4

8.3

9

6.6

6.7

7.9

8.1

9

8.9

11.3

11

10

5.2

5.2

6.8

6.7

10.7

10.9

12.5

12.4

11

5.1

4.9

6.9

7

11

11.1

13

13.1

12

6

6.1

9.5

9.6

10.7

10.6

13.4

13.4

At 1 mm apical to the bone crest, the
measurements made by the caliper and the
newly designed bone gauge were equal in two
points, had 0.1 mm difference in seven points
and had 0.2 mm difference in three points. At
2 mm apical to the bone crest, the
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measurements were equal at one point, had
0.1 mm difference in eight points and 0.2 mm
difference in three points. At 3 mm apical to
the bone crest, the measurements were equal
at two points, had 0.1 mm difference in six
points and had 0.2 mm difference in four
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points. At 4 mm apical to the bone crest, the
measurements were the same in two points,
had 0.1 mm difference in five points, had 0.2
mm difference in four points and had 0.3 mm
difference in one point.
The Bland-Altman plots were drawn for
different levels (1-4 mm) as shown in Figure

158

4. The difference between the measurements
made by the designed bone gauge and caliper
indicated the error rate of the designed bone
gauge; the amount of error at all levels was
within the clinically acceptable range of the
plot. However, acceptability of such error
values is a clinical issue.

Figure 4- The Bland-Altman plots for different levels (1-4 mm)

The Dahlberg’s error of measurement
between the two instruments was found to be
0.007917, 0.008333, 0.009167 and 0.0125, at
1, 2, 3 and 4 mm levels apical to the bone
crest, respectively. The absolute mean values
of difference between measurements made by
the two instruments were calculated and
compared using one-sample t-test, which
revealed that the absolute mean value of
differences had a significant difference with
zero. The ICC with 95% confidence interval
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was calculated to be 0.973 (0.911,0.992),
0.994 (0.981,0.998), 0.997(0.990,0.999),
0.998 (0.992,0.999) and 0.998 (0.997, 0.999)
at 1, 2, 3, and 4 mm apical to the bone crest
and at all levels, respectively.

Discussion
Knowledge about the quantity of available
bone prior to dental implant placement is
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particularly important. With regard to optimal
biomechanics and esthetics of the final
prosthetic restoration, implant diameter must
be equal or close to the width of the lost bone
at 2 mm apical to the cementoenamel junction
(8,9).
However,
post-extraction
bone
resorption significantly decreases bone width
and causes limitations in selecting implants
with optimal diameters.
The 2D and 3D imaging techniques and bone
mapping (probing) after administration of
local anesthesia have been recommended as
the main modalities for paraclinical and
clinical assessment of bone quantity,
respectively. However, risk of error is high in
bone mapping, and 2D radiographs do not
allow assessment of buccolingual bone
dimensions. On the other hand, 3D imaging
modalities such as computed tomography are
highly accurate; however, their routine use for
all patients increases the treatment costs, and
they are not available in many centers (1013).
In the current experimental study, we showed
that our newly designed digital bone gauge
was capable of measuring and recording the
bone width at different levels from the bone
crest up to 4 mm apical to it with high
accuracy. Addition of the vertical pin to the
bone gauge enabled taking into account the
crestal bone position in measurement of bone
width. This advantage does not exist in any of
the previously designed calipers. Also, digital
data output enhances the measurements and
accurate recording of data. The current
preliminary results confirmed high accuracy
of the designed bone gauge since in 53% of
the cases, the measurements made by the
newly designed digital bone gauge had 0.1
mm difference with the values measured by
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the digital caliper; this difference was 0.2 mm
in 29% and 0.3 mm in 3% of the cases;
similar values were reported by the two
instruments in 15% of the cases.
In case of availability of bone width
measuring instruments, they can be used to
measure the buccal bone thickness
particularly in the esthetic zone (13), choose
the best treatment plan prior to treatment (14),
monitor the dimensional changes of the ridge
over time (15) and even for assessment of
gingival biotype (16). The above-mentioned
parameters are all important for risk
assessment and prediction of implant
treatment outcome (17). However, bone
quality is another important topic, which still
necessitates taking 3D radiographs (18,19).
The needlepoint calipers punch the soft tissue
and measure the bone thickness; they were
popular during the 1970s and 1980s (20).
Since the introduction of 3D dental imaging
particularly
cone
beam
computed
tomography,
many
clinicians
request
tomography for all patients with any number
of implants and any quality and quantity of
bone while in a considerable number of
patients, a complete thorough clinical
examination would suffice and can provide
valuable information; in such cases, there
would be no need to order advanced imaging
for dental implant placement.
Assessment of bone quantity in only two
dimensions and at one level may be one
reason for decreased popularity of calipers
available in the market. However, the newly
designed bone gauge, presented in the current
study, enables the measurement of bone width
at different levels to provide the clinician with
an overall view of buccolingual bone
dimensions from the bone crest to 4 mm
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apical to it. Such information enables efficient
treatment planning for simple cases. In
complex cases, 3D radiography may be
requested next. We are working on improving
this instrument to print a 2D map of bone
based on the output data. Obviously, use of
this instrument in the clinical setting requires
future clinical studies with large sample sizes.
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of buccolingual dimensions of bone using an
edentulous mandibular model. Such an
instrument may decrease the need for costly
and less available imaging modalities such as
3D tomography.

Conflict of interest: “None Declared”

Conclusion
The instrument presented in this experimental
study had optimal efficacy for measurement
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