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Abstract

Background: The success of dental implants relies on efficiently realised treatment plan. The treatment plan is impossible without radiographic evaluation of the region
planned for implant placement. Aim: To investigate the efficiency of cone beam computed tomography (CBCT) versus orthopantomogram, when planning implants in
anterior mandible. Materials and methods: The participants in the study had absence of at least one tooth in the anterior mandible region. Each participant was
scanned with orthopantomogram and CBCT method. Using orthopantomogram on the regions planned for dental implants, the alveolar ridge height was measured,
while the alveolar ridge height and width was measured using CBCT method. Thereby, the results obtained from the two methods were compared. Results: Using the
CBCT method, the highest mean value for vertical dimension of the alveolar ridge resulted in the left canine region (3.3): 15.33 mm. ± 3.32, and the lowest mean value
resulted in the left lateral incisor region (3.2): 14.11 mm. ± 4.04. While using orthopantomogram method, the highest mean value for vertical dimension of the alveolar
ridge resulted in left canine region (3.3): 15.69 mm. ± 3.68, and the lowest mean value resulted in the left lateral incisor region (3.2): 14.29 mm. ± 3.69. Thereby, the
difference was not significant. Using the CBCT method, the highest mean value for horizontal dimension of alveolar ridge resulted in the right canine region (4.3): 9.52
mm. ± 1.53,  and the lowest mean value resulted in the left lateral incisor region (3.2): 9.14 mm. ± 1.58. Conclusion: The orthopantomogram is a reliable method for
determining the bone height, in the regions planned for implant placement. The CBCT method is a priority method when planning implants, because it enables meas-
uring not only the bone height, but also the bone width. Keywords: Dental implants, orthopantomogram, cone beam computed tomography, anterior mandible.

Апстракт 

Вовед: Успехот со дентални импланти зависи од ефикасно изведен план на третман. Планот на третман е невозможен без радиографска евалуација на регијата
планирана за импланти. Цел: Испитување на ефикаситетот на конусно зрачна компјутеризирана томографија (КЗКТ) спроти ортопантомограмот, при планирање
импланти во антериорна мандибула. Материјал и метод: Испитаниците вклучени во студијата, имаа отсуство на најмалку еден заб во регија на антериорна
мандибула. Секој испитаник се снимаше со ортопантомограм метод и метод на КЗКТ. Со користење на ортопантомограм, кај регии планирани за импланти се
одредуваше висината на гребен, додека со метод на КЗКТ се одредуваше висината на гребен и ширината на гребен. Притоа се споредуваа  резултатите
добиени преку двете методи. Резултати: При користење на метод на КЗКТ,  најголемата средна вредност за вертикална димензија на гребен, резултира во
регија на лев канин (3.3): 15.33 mm. ± 3.32, а најмала средна вредност во регија на лев латерален инцизив (3.2): 14.11 mm. ± 4.04. При користење на
ортопантомограм, најголемата средна вредност за висина на гребен резултира во регија на лев канин (3.3): 15.69 mm. ± 3.68, а најмала средна вредност во
регија на лев латерален инцизив (3.2): 14.29 mm. ± 3.69. При што разликата не беше значајна.  Најголема средна вредност за хоризонтална димензија на гребен,
резултира во регија на десен канин (4.3): 9.52 mm. ± 1.53,  а најмала средна вредност во регија на лев латерален инцизив (3.2): 9.14 mm. ± 1.58. Заклучок:
Ортопантомограмот е сигурен метод за одредување на висина на гребен, во регии планирани за импланти. Методот на КЗКТ е приоритетен метод при
планирање импланти, бидејќи овозможува одредување на висина на гребен и на ширина на гребен. Клучни зборови: Детални импланти, ортопантомограм,
конусно зрачна компјутеризирана томографија, антериорна мандибула.

Introduction

The therapy for partial and total edentulism, still

presents a challenge for the dental discipline. The treat-

ment options for partial and total edentulism are the clas-

sical prosthesis and the implant retained prosthesis1. The

implant retained prosthesis are more efficient option for

the treatment of partial and total edentulism compared



with the classical prosthesis, because they protect the
natural teeth from invasive prosthetic procedures, and
also they reduce the bone tissue resorption process2. The
bigest challenge even from the implantation procedure,
is the dental implant treatment plan, whose goal is the
placement of implants in the most optimal number,
dimension and position3. The dental implant treatment
plan is formulated based on the information gathered
from the anamnesis, clinical examination and radi-
ographic evaluation4. Radiographic evaluation for plan-
ning of the implantation procedure, is performed with
the use of different radiographic modalities, which have
undergone development paralleling the technological
development of implantation techniques and implant
designs. Till the 1990-is the two-dimensional orthopan-
tomogram method was accepted as a standard method
during planning of an implantation procedure3. In the lat-
ter years, as a radiographic method of choice for implant
planning, is recommended the three-dimensional
method of cone beam computed tomography (CBCT).
Through this method are obtained number of images that
is cross sections, in vertical, antero-posterior and hori-
zontal plan of the maxillofacial region5. Dental implants
are produced in different diameters and lengths, so the
diameter varies from 3 to 7 mm., and the length varies
from 6 to 18 mm.6. Кey positions for the placement of
implants, are the end retainers for the prosthetic supras-
tructure, and the jaw regions with reduced biomechani-
cal forces that are damaging for the implant and the sur-
rounding bone7. When planning implants in edentulous
regions, the height of the residual alveolar ridge, deter-
mined through radiographic methods, presents the dis-
tance from the crestal part of the alveolar ridge to the
neighbouring anatomical structure,while the width of the
residual alveolar process presents the distance from the
buccal side of the alveolar ridge to the lingual side of
alveolar ridge8. Radiographic evaluation in the regions
planned for implant placement, plays a crucial role in
identification and analysis of anatomical-sceletal rela-
tionship of important neighbouring anatomical struc-
tures. Respectively in the mandibular jaw, the focus is
directed on these structures: canalis nervus alveolaris
inferior, anterior loop of canalis nervus alveolaris inferi-
or, foramen mentalis, and mandibular incisive canal2.
The mandibular incisive canal is characterised with
anatomical variations in the aspect of number, location
and dimensions of the neurovascular bundle. Thereby
injuring this anatomical structure should be avoided dur-
ing implantation procedure in the anterior mandible
region9. According to some authors, orthopantomogram
is an efficient method for implant planning, but accord-
ing to other authors this method can lead to falsely cho-
sen implants’ length. The CBCT method improves the

ability for planning of implants` length10.
Orthopantomogram as a two-dimensional method, does
not offer information about the width of the alveolar
ridge, and does not allow choosing the appropriate diam-
eter of implants11. The CBCT method as a three-dimen-
sional method offers detailed information on the anatom-
ical variations and pathologies, that orthopantomogram
cannot offer, and in this way increasing the precision
during the planning of the implantation procedure12.

Aim

The aim of this study was investigation of the effi-
ciency of the CBCT method and orthopantomogram
when planning implants  in the anterior mandible.

Material and methods

I individuals from both genders (men and women)
with over 18 years of age were included in the study.
Every individual had absence of at least one tooth in the
anterior mandibular region, and absence of absolute con-
traindications for dental implants placement. Each partic-
ipant in the study underwent an orthopantomogram scan-
ning and CBCT scanning. The device "Rotograph Prime
3D" was used to perform the scanning, in the private den-
tal clinic  "Nova Dental Group" in Skopje. The device
used electricity from 2 mA-12 mA, and voltage from 60
kV-86 kV. The orthopantomogram presented a single
image for the maxillofacial region, while numеrous
images (cross sections) in vertical, antero-posterior and
horizontal plan for the maxillofacial region were obtained
through the CBCT method. The pixels dimension in
orthopantomogram image, and in the CBCT images was
120 µm., and the voxels dimension in the CBCT images
was 0.175 mm.. The number of shades of gray in
orthopantomogram images, and the CBCT images was
65536. Implant planning through orthopantomogram was
performed using the software "Villa Quickvision" and
implant planning through CBCT images was performed
using the software "3D Planner". The planned implants
had diameter from 3 to 7 mm., and length from 6 to 18
mm., depending on the given case. When planning
implants in orthopantomogram images, we used the tool
"ruler", respectively for determining the vertical dimen-
sion of the alveolar ridge we measured the distance from
the crestal part of the alveolar ridge to the roof of the
mandibular incisive canal. When planning implants in
CBCT images we used the tool "point to point measure-
ments". Respectively, using this tool we measured the ver-
tical dimension of the alveolar ridge, and also the hori-
zontal dimension of the alveolar ridge. For determining
the horizontal dimension (width) of the alveolar ridge we
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measured the distance from the buccal side of the ridge to
the lingual side of the ridge.

Results

With orthopantomogram and CBCT method, implants
in 21 individuals in the region of anterior mandible were
planned, from which 13 men and 8 women. The age of the
individuals varied from 40 to 75 years (mean 61).

Table 1 shows the minimum value, the maximum
value, and standard deviation, for vertical dimension in
the anterior mandible region, using the CBCT method.
Respectively, the highest mean value resulted in the left
canine region (3.3): 15.33 mm. ± 3.32, and the lowest
mean value resulted in the left lateral incisor region (3.2):
14.11 mm. ± 4.04.

Table 2 shows the mean value, the minimum value,
the maximum value and the standard deviation for verti-
cal dimension of the residual alveolar ridge, measured in
orthopantomogram images. Respectively the highest
mean value resulted in the left canine region (3.3): 15.69

Figure 1. Vertical dimension of the alveolar ridge in the
anterior mandibular region (orthopantomogram).

Figure 2. Vertical dimension of the alveolar ridge in the
anterior mandible region. (CBCT image).

Figure 3. Horizontal dimension (width) of the alveolar
ridge in the anterior mandible region (CBCT image). 

Variable N Mean Min. Max. Std.Dev.

6.3.1 17 14,25 9,00 20,00 3,39

6.3.2 16 14,11 8,00 20,60 4,04

6.3.3 12 15,33 9,00 19,50 3,32

6.4.1 16 15,04 9,00 20,00 3,75

6.4.2 15 14,20 9,00 21,00 3,46

6.4.3 13 14,38 8,00 20,50 4,03

Variable N Mean Min. Max. Std.Dev.

6.3.1 18 15,06 9,00 20,00 3,21

6.3.2 17 14,29 7,00 21,00 3,69

6.3.3 13 15,69 7,00 20,00 3,68

6.4.1 18 14,72 9,00 20,00 3,53

6.4.2 17 14,65 9,00 22,00 3,37

6.4.3 14 14,71 8,00 23,00 4,08

Table 1.

Table 2.
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mm. ± 3.68, and the lowest mean value  resulted in the
left lateral incisor region (3.2): 14.29 mm. ± 3.69.

Table 3 shows the analysis of differences for vertical
dimension of the alveolar ridge, measured with the
CBCT method and the orthopantomogram method.
Whereby the results obtained using the orthopantomo-
gram were higher compared with those using the CBCT
method (with the exception of the right central incisor
region). But for all the regions, for p>0.05, the differ-
ences in results obtained using CBCT method and
orthopantomogram, were not statistically significant.

Table 4 shows the mean value, the minimum value,
the maximum value and standard deviation, for the hor-
izontal dimension of the alveolar ridge in the anterior
mandible region, using the CBCT method. Respectively,
the highest mean value resulted in the right canine region
(4.3): 9.52 mm. ± 1.53, while the lowest mean value
resulted in the left lateral incisor region (3.2): 9.14 mm.
± 1.58. The minimum value was registered in the right

central incisor region (4.1): 5.50 mm., and the maximum
value was registered in the left central incisor region
(3.1): 13.00 mm.

Discussion

When we were planning implants in the anterior
mandible region with the use of the CBCT method, we
measured the height and the width of the residual alveolar
ridge. While when we planned implants using the
orthopantomogram, we measured only the height of the
alveolar ridge. Using the CBCT method we planned 89
implants in total, that is, in the central incisor region, in
the lateral incisor region, and in the canine region. Using
the CBCT method, the highest mean value for the height
of the alveolar ridge in the anterior mandible region
resulted in the left canine region (3.3): 15.33 ± 3.32 mm.,
while the lowest mean value resulted in the left lateral
incisor region (3.2): 14.11 ± 4.04 mm. Therefore, the
analysis for the differences in results for the vertical
dimension measured with the CBCT method and the
orthopantomogram, showed that greater values for alveo-
lar ridge height, compared with the CBCT method (exep-
tion the right central incisor region) were measured using
the orthopanomogram. For all the regions, the differences
were not statistically significant. These results of our
study, are in agreement with the those of the authors
Dagassan-Berndt et Zitzmann13 who presented significant-
ly higher values for the alveolar ridge height obtained
with orthopantomoram, compared with the use of the
CBCT method, while the author Guerrero14 concluded that
in the anterior mandible region, the differences in implant
length, planned using orthopantomogram and the CBCT
method, were not significant. In the study of the author Hu
et al.15 a comparison of the alveolar ridge height measured
with orthopantomogram and CBCT method with the
implants length placed in jaw samples was made. It
showed a significant difference in alveolar ridge height
using the orthopantomogram method and the CBCT
method, in relation to the implants’ length placed in the
jaw samples. But the differences were greater using the
orthopantomogram, compared with the CBCT method.
The author Brito16 concluded that using the orthopanto-
mogram, the mandibular incisive canal was observed in
5.5% of the cases, and by using the CBCT method the
same was observed in 24.4% of the cases. And the differ-
ences were statistically significant. Mello17 showed that
the length of the implants planned using orthopantomo-
gram and those planned using CBCT, agreed in 50.5% of
the cases. While the length of the implants planned using
orthopantomogram agreed with the length of the implants
placed in the surgical phase in 40% of the cases, while
using the CBCT method this agreement was in 69.5% of

Variable
Mean

CBCT

Mean

Ortho.
t-value p  

6.3.1 14,25 15,06 -0,72 0,48

6.3.2 14,11 14,29 -0,13 0,89

6.3.3 15,33 15,69 -0,26 0,80

6.4.1 15,04 14,72 0,26 0,80

6.4.2 14,20 14,65 -0,37 0,71

6.4.3 14,38 14,71 -0,21 0,83

Table 3.

Variable N Mean Min. Max. Std.Dev.

6.3.1 17 9,39 6,00 13,00 1,83

6.3.2 16 9,14 6,70 11,70 1,58

6.3.3 12 9,17 7,40 11,50 1,31

6.4.1 16 9,36 5,50 12,00 1,77

6.4.2 15 9,32 6,70 12,20 1,72

6.4.3 13 9,52 7,30 12,30 1,53

Table 4.
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the cases. Luangchana18 investigated the absolute error
during measurements for the vertical dimension of the
alveolar ridge using the orthopantomogram and the CBCT
method, versus the physical measurements for the vertical
dimension of the alveolar ridge in jaw samples. Where the
absolute error in measurements using CBCT in the
mandible resulted in values ranging from 0.39 to 0.66.
While the absolute error in measurements using orthopan-
tomogram resulted in values ranging from 1.11 to 1.53.
Also, the errors in measurements in the mandible were
lower, in relation to those measured in the maxilla. Also,
the errors were lower using the CBCT method compared
with those using orthopanotmogram. In our study, when
measuring the horizontal dimension of the alveolar ridge
using the CBCT method, the highest mean value for the
width of the alveolar ridge resulted in the right canine
region (4.3): 9.52 mm. ± 1.53,  while the lowest mean
value resulted in the left lateral incisor region (3.2): 9.14
mm. ± 1.58. While using the CBCT method, we planned
implants in edentulous regions where there was a pres-
ence of miminum 5 mm. of bone width and minimum 7
mm. of bone height. When planning implants using
orthopantomogram, we were basing only in the presence
of minimum 7 mm. bone height, not having information
about the bone width in that region. Goller et al.19 con-
cluded that the width of the alveolar process in the ante-
rior mandible region, measured using the CBCT method,
varied in values from 3.3 to 13.4 mm.. Mello17 conclud-
ed that narrower implants were planned using orthopan-
tomogram, compared with those planned using CBCT.
Hu et al.15 suggests using osteometer (intraoraly on
exposed bone, or extraoraly on study models), for deter-
mining the alveolar ridge width, in cases where
orthopantomogram is used for implant planning. In the
study of Jalaluddin20 it was concluded that the CBCT
method is highly precise in determining of the alveolar
ridge width, same as the method which uses osteometer
for determining the width of a surgically exposed alveo-
lar ridge. Dagassan-Berndt et al.21 showed that the
dimensions of the implants planned using orthopanto-
mogram were in agreement with the dimensions of the
implants placed in the surgical phase in 34.4% of the
cases, while the dimensions of the implants planned
using CBCT were in agreement with the dimensions of
the implants placed in the surgical phase in 46% of the
cases. Guerrero14 showed that the diameter of the
implants planned using CBCT remained unchanged with
that of the implants placed in the surgical phase in 88.5%
of the cases. While the diameter of the implants planned
using orthopantomogram remained unchanged with that
of the implants placed in the surgical phase in 92.1% of
the cases. But there was not a significant difference in
the results, between the two methods used.

Conclusion

Orthopantomogram is an efficient method for deter-
mining the alveolar ridge height, in regions planned for
implant placement. The CBCT method is a priority
method in formulating implant treatment plan becausе it
allows measuring not only the alveolar ridge height, but
also the alveolar ridge width, therefore increasing the
precision when choosing the adequate dimensions of
implants. 
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