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Assessment of Different Methods in Measuring Alveolar
Ridge Width Accuracy before Placement of Implant: An In
Vivo Study
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A b s t r ac t
Aim and objective: This study aimed to evaluate the different approaches in measuring alveolar ridge width accurateness before implant
placement.
Materials and methods: This study included 30 partially edentulous patients with missing teeth in the age range of 18–50 years needing dental
implant prosthetic replacement of the missing teeth. A stent was prepared and the width of the alveolar ridge was estimated employing the
following techniques: Group I: Measurement of alveolar ridge width on cone-beam computed tomography (CBCT) method, group II: Measurement
of alveolar ridge width by ridge mapping technique, group III: Measurement of alveolar ridge width by surgical exposure. The data were analyzed
statistically using the SPSS Statistics for Windows Software, version 17.0. The significance level was set at 5%.
Results: 3.84 ± 0.20 was the width of the alveolar ridge on CBCT, 3.96 ± 0.44 with ridge mapping, and 3.78 ± 0.16 by direct measurement upon
surgical exposure at point 1. The measurements at point 2 on CBCT, by ridge mapping, and on surgical exposure were 6.80 ± 0.26, 7.02 ± 0.98,
and 6.68 ± 0.76, respectively. When ridge mapping and surgical exposure methods at both points were compared, the difference between the
groups was significant statistically at point 2 with the p value <0.04.
Conclusion: Cone-beam computed tomography and ridge mapping techniques when independently compared with the gold standard surgical
exposure system, CBCT was verified to be an extremely specific and sensitive technique to measure the residual alveolar ridge width for dental
implant therapy planning.
Clinical significance: Residual ridge resorption following the tooth extraction is an inevitable phenomenon that results in inadequate width
of the ridge. Hence, it is essential to measure the physical dimensions of the existing bone as part of the diagnosis and pre-surgical planning
before implant placement. The success of the dental implant depends on the significant requirement of dimensions of the existing bone.
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I n t r o d u c t i o n
Dental implant technology has become a dependable therapeutic
modality for the replacement of missing teeth in the current times.
Nevertheless, implant placement is not a secluded happening;
rather it is the outcome of careful planning before surgery to
accomplish both the functional and esthetic prospects of patients.
The buccolingual osseous ridge dimensions need meticulous
assessment to ensure suitable planning of the therapy.1
One of the extensively recognized techniques for rehabilitating
edentulous areas is the employment of osseointegrated implants. A
thorough clinical as well as radiological evaluation is an integral part
of therapy planning for implant placement that renders essential
data about the position of anatomical structures, the amount and
quality of bone that is existing, the existence of bony pathologies,
the occlusal form, the size as well as quantity of implants, along with
the prosthetic design, each of which is mandatory for the success
of implant therapy.2
Two-dimensional (2D) imaging modalities which are
frequently used, such as intraoral periapical radiographs and
orthopantomography have inherent disadvantages such as
image distortion and cannot provide a buccolingual view of the
ridge, thereby providing information only regarding the bone
length, delineation of vessels, and nerves, without rendering
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Methods of Alveolar Ridge Width Measurement
any evidence of bone width in the potential implant site. The
bone width in the buccolingual direction can be assessed using
computed tomography (CT), mapping of ridge, ultrasonography,
trans-tomography, as well as direct caliper dimension estimation
after the bone is surgically exposed. 3
Dental imaging modalities used in diagnostics have transformed
with the advent of cone-beam computed tomography (CBCT).
Three-dimensional imaging such as CBCT renders 3D volumetric
information and reconstruction of dental structures and
accompanying maxillofacial areas with significant dimensional
accurateness and an isotropic resolution. Cone-beam computed
tomography is a form of volumetric radiography with the capability
of visualizing the area that has been imaged in practically all planes
with moderately less radiation exposure of the patient.4
Before the advent of CBCT, a substitute technique to determine
the characteristics of residual alveolar ridge was ridge mapping.5
The gold-standard and highly precise technique to establish the
width of the residual alveolar ridge buccolingual is the direct
caliper dimension assessment after surgically exposing the bone.
Reflecting a flap surgically just to measure the width of the residual
ridge following surgical exposure is, however, not justifiable each
time for diagnostic and treatment planning purposes for implant
placement. To achieve long-term success of dental implants,
assessment of the dimensions of the resorbing alveolar ridge
must be accurate, because an implant should be surrounded by
at least 1 mm of bone. Careful diagnosis and treatment planning
are critical for a favorable outcome. Therefore, the current research
was performed to assess and compare ridge mapping and CBCT
accurateness for the evaluation of the width of the residual alveolar
ridges before the placement of dental implants.

M at e r ia l s

and

M e t h o d s

The current clinical research was performed in the Department of
Dentistry, Government Medical College, Madhya Pradesh, India.
This study included 30 partially edentulous patients with missing
teeth in the age range of 18–50 years needing dental implant
prosthetic replacement of the missing teeth. Ethical approval was
obtained and informed consent was procured from each patient
after informing them about the involved procedures and the design
of the research.
The inclusion criteria were individuals ≥18 years of age of
either gender with a solitary or several missing teeth in either the
maxilla or mandible (Kennedy’s Class III) for a minimum period of
6 months following extraction and maintenance of scrupulous
oral hygiene, absence of any systemic illness that could impact the
normal process of healing or the capability to endure a surgical
process like uncontrolled diabetes mellitus, bleeding disorders,
history of radiation therapy of the head and neck region or cancer
chemotherapy. The exclusion criteria were the existence of acute
or chronic infection or local pathologies in the anticipated area
of implant placement, parafunctional habits including clenching
of teeth as well as severe bruxism, patients with the restricted
opening of the mouth to an extent that impedes ease of handling
and instrumentation.

Stent Preparation
Preparation of the stent began with making an impression
employing heavy body condensation silicone impression material
to make a diagnostic cast. The areas of anticipated implant
placement and their distribution were prudently examined on the

cast and the reference points were marked on the residual alveolar
ridge crest with respect to the adjoining teeth, subsequently, two
points were made on the labial aspect and the lingual/palatal side
of the ridge, point 1 was made 3 mm from the reference point while
point 2 was marked at 6 mm. Acrylic sheet (Biostar®), 2.0 mm thick
encompassing the reference points, point 1, point 2, and some of the
adjoining teeth, was utilized to fabricate the surgical stent. Points
1 and 2 could be visualized through the stent past the transparent
acrylic resin. Employing a straight fissure bur, guide holes of 1 mm
diameter were drilled with a micro-motor on the crest, buccal,
palatal, or lingual aspect. This was followed by condensation of
gutta-percha points within the holes until the termination of
the tissue surface. Patients were instructed to wear the stent and
then a CBCT was taken. Gutta-percha being radiopaque could
be visualized on the cone-beam computerized tomography and
aided as the radiographic reference area for measurement. The
width of the alveolar ridge was measured employing the following
techniques in all 30 patients.

Group I: Measurement of Alveolar Ridge Width Based
on CBCT Method
After disinfecting the stent that contained gutta-percha within
the guide holes, using povidone-iodine, it was positioned in
the patient’s oral cavity before procuring the images. Conebeam computed tomography imaging was accomplished with
the participants maintaining a supine posture. The exposure
parameters included 110 kV and an exposure time in the range
of 5.4–9.0 seconds based on the dimensions of the region to be
assessed. The selection of the image for measurement was based
on the depiction of clear imprints of gutta-percha on the buccal/
lingual sides at the desired points of measurements that is at 3
and 6 mm. The longest distance amid the buccal and lingual bony
walls was documented to the closest 0.1 mm using the software’s
in-built measurement tool.

Group II: Measurement of Alveolar Ridge Width Based
on Ridge Mapping Method
Subsequently, after local anesthesia administration with 2 mL
disposable syringe-needle, the surgical stent was positioned in the
part to be measured, after eliminating gutta-percha from the holes.
A calibrated periodontal probe tip was introduced into the guiding
holes, piercing through the soft tissues until it contacted bone and
the thickness of the soft tissues was estimated. This was followed by
sectioning of the diagnostic cast in the edentulous region at right
angles to the alveolar ridge at the level of the delineated points. The
tissue thickness that was clinically determined was mapped onto
these delineated points on the cast thus sectioned employing a
pencil, while measuring the width of bone with a scale.

Group III: Measurement of Alveolar Ridge Width Based
on Surgical Exposure
After these two methods, surgical flap reflection was done using
a surgical blade as well as a periosteal elevator, and the residual
alveolar ridge was subjected to direct measurement of the
exposed bone at numerous sites of the guiding holes that were
organized employing the same surgical stent with the aid of a
bone-caliper. All procedures were performed by two calibrated
examiners. The alveolar ridge width of CBCT and ridge mapping
method was compared with the surgical exposure method at
point 1 and point 2.
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Statistical Analysis
The data were analyzed statistically using the SPSS Statistics for
Windows Software, version 17.0. The mean as well as standard
deviation was estimated employing descriptive statistics. The
Student’s unpaired “t” test was used for statistical analysis. The
significance level was set at 5%.

R e s u lts
Table 1 depicts the descriptive analysis of the width of a residual
alveolar ridge at point 1 and point 2. 3.84 ± 0.20 was the width
of the alveolar ridge on CBCT, 3.96 ± 0.44 with ridge mapping,
and 3.78 ± 0.16 by direct measurement upon surgical exposure at
point 1. The measurements at point 2 on CBCT, by ridge mapping,
and on surgical exposure were 6.80 ± 0.26, 7.02 ± 0.98, and 6.68 ±
0.76 in that order.
Table 2 shows the comparative assessment of CBCT and
surgical exposure technique at both points 1 and 2. The CBCT
measurements were somewhat greater (3.84 ± 0.20 and 6.80 ± 0.26)
when compared with the surgical exposure technique (3.78 ± 0.16
and 6.68 ± 0.76) at both points 1 and 2. The mean difference at the
given points was 0.06 and 0.12. This difference between the groups
was, however, not significant statistically.
Table 1: Mean, standard deviation, and degree of freedom of alveolar
ridge width at point 1 and point 2
Groups
Group I: Cone-beam
computed tomography (CBCT) method
Group II: Ridge mapping method
Group III: Surgical
exposure method

N
30
30

Reference
points
Mean ± SD
Point 1
3.84 ± 0.20
Point 2
6.80 ± 0.26

30
30
30
30

Point 1
Point 2
Point 1
Point 2

3.96 ± 0.44
7.02 ± 0.98
3.78 ± 0.16
6.68 ± 0.76

Degree of
freedom
58

58
58

Table 3 delineates the comparative assessment of ridge
mapping and surgical exposure technique at both points 1 and 2.
The ridge mapping technique measurements were more (3.96 ±
0.44 and 7.02 ± 0.98) when compared with the surgical exposure
technique (3.78 ± 0.16 and 6.68 ± 0.76) at both points 1 and 2.
The mean difference at the given points was 0.18 and 0.34. This
difference amid the groups was significant statistically at point 2
with the p value <0.04.
Table 4 shows the comparative assessment of CBCT and ridge
mapping technique at both points 1 and 2. The ridge mapping
technique measurements were somewhat greater (3.96 ± 0.44
and 7.02 ± 0.98) when compared with CBCT (3.84 ± 0.20 and 6.80
± 0.26) at both points 1 and 2. The mean difference at the given
points was −0.12 and −0.22. This difference between the groups
was, however, not significant statistically.

D i s c u s s i o n
An accurate diagnosis and therapeutic planning are important at
every stage of clinical dental practice as it increases the chances
of a more foreseeable outcome. The morphological characteristics
of the ridge and orientation of the implant are the two significant
esthetic and functional reasons for single-tooth restorations that
are implant-supported. Residual ridge contour estimation before
placing the implant is hence of utmost importance to ensure ideal
implant positioning.6
The use of radiographic assessment preoperatively has
presumed a major role in therapy planning for implant-supported
prostheses. The amount and quality of bone affect the implant
choice with regard to its diameter, length, form, and number. An
orthopantomogram depicts the complete view while intraoral
periapical radiographs delineate the height of bone and mesiodistal
space in the edentulous region as they are two-dimensional imaging
modalities. However, such conventional imaging techniques have
the inherent disadvantage of not being able to divulge any details
about the sagittal bone morphological characteristics such as ridge

Table 2: Comparison of CBCT method and surgical exposure method at point 1 and point 2
Points
Point 1
Point 2

Groups
Group I: CBCT method
Group III: Surgical exposure method
Group I: CBCT method
Group III: Surgical exposure method

N
30
30
30
30

Mean ± SD
3.84 ± 0.20
3.78 ± 0.16
6.80 ± 0.26
6.68 ± 0.76

t value
0.321
0.144
0.478
0.382

Df
58

p value
0.852

58

0.980

Df
58

p value
0.612

58

0.04

Df
58

p value
0.718

58

0.514

Table 3: Comparison of ridge mapping method and surgical exposure method at point 1 and point 2
Points
Point 1
Point 2

Groups
Group II: Ridge mapping method
Group III: Surgical exposure method
Group II: Ridge mapping method
Group III: Surgical exposure method

n
30
30
30
30

Mean ± SD
3.96 ± 0.44
3.78 ± 0.16
7.02 ± 0.98
6.68 ± 0.76

t value
0.221
0.015
0.218
0.170

Table 4: Comparison of CBCT method and ridge mapping method at point 1 and point 2
Points
Point 1
Point 2
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Groups
Group I: CBCT method
Group II: Ridge mapping method
Group I: CBCT method
Group II: Ridge mapping method

n
30
30
30
30

World Journal of Dentistry, Volume 12 Issue 6 (November–December 2021)

Mean ± SD
3.84 ± 0.20
3.96 ± 0.44
6.80 ± 0.26
7.02 ± 0.98

t value
0.402
0.311
0.261
0.258
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width and the implant orientation that would be perfect to fulfill
the restorative requirements.7
Following the advent of CBCT, ridge mapping has become
less prevalent for assessing patients requiring implants. However,
ridge mapping might still be useful for selected cases as it gives
immediate chairside information and has few advantages like
simplicity of use and prevention of unnecessary radiation exposure
to the patient.8
No significant variation between direct surgical exposure
and CBCT at either point 1 or 2 was noted in the current study.
Additionally, according to this research, CBCT testified as a
precise technique to detect the width of residual ridge width
when compared with ridge mapping technique in therapy
planning for dental implant placement. This, however, is not
in agreement with the results of the study by Chen et al.9 who
found alike measurements in the buccolingual dimension
with ridge mapping as well as the use of direct caliper and
thus concluded that CBCT offered no additional diagnostic
information pertaining to the area of implant placement.
Research by Castro-Ruiz et al.10 and Luk et al.11 noted that ridge
mapping was accurate in measuring the width of residual bone in
comparison with various radiographic techniques. Abdel-Wahed
et al.12 stated that the exactness of diagnostic data found with a
CBCT depends on the way the use of the system and amendment
of the attained images.
In this study, significant variation was found amid ridge
mapping and surgical exposure technique at point 2. This is not in
harmony with the research by Ten Bruggenkate et al.13 who used
different ridge-mapping equipment in 176 implant areas in the
maxilla, as judged against preoperative dimension estimation (ridge
mapping) to dimensions after mucoperiosteal flap reflection (direct
caliper measurements) and confirmed that there was no significant
difference among the two approaches.
Few studies have nevertheless documented dissimilar results;
an average of 3.6 ± 1 mm less as compared to the values procured
by direct estimation was noted by Perez et al.14 This difference was
attributed to applying extreme pressure as the caliper points pass
through osseous as well as soft tissue that could potentially result
in perforating the cortical bone resulting in incorrect calculation
of the actual width of the ridge.
A significant variation among both techniques was noted by
Allen and Smith15 on the contrary as they noticed an inclination
toward overvaluing the width of bone, as the caliper may
incompletely penetrate the bone through the overlying mucosal
tissue especially if the soft tissue thickness is more than that usually
present.
Traxler et al.16 and Goulet et al.17 advocate the ridge mapping
technique as it is a suitable and dependable technique to assess
the appropriateness of possible implant regions. This method offers
the benefits of simplicity of use and prevents unnecessary radiation
exposure to the patient.
The results from the current study depict the utility and
preciseness of CBCT in preoperative planning for dental implant
placement and also highlight the utility of the ridge mapping
method as an easy and economic means for buccolingual residual
alveolar ridge width dimension estimation in perfect cases.
Though we minimalized the variables to the best possible
extent, certain limitations in the study still exist. Few of these include
comparatively small sample sizes and disparities in ethnicities of
the participants. Future studies with a bigger sample size and

diverse ethnic backgrounds would be desirable to augment and
authenticate the present findings.

C o n c lu s i o n
Although this study had certain limitations, it could be concluded
that CBCT and ridge mapping techniques when independently
compared with the gold standard‑surgical exposure system, CBCT
was verified to be an extremely specific and sensitive technique to
measure the residual alveolar ridge width for dental implant therapy
planning. Likewise, it is important to note that ridge mapping
could be of use when augmented with conventional radiographic
imaging that does not unnecessarily irradiate the patient. It has the
advantage of being economical and provides instantaneous results
for the width of the alveolar ridge.
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