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The aim of the present study was to investigate
image magnification in digital panoramic radiography and assess the effect of anatomical sites
on the magnification in both males and females.
Materials and methods:
In this retrospective study, digital panoramic
radiographs of 48 patients with 202 implants
were investigated. Implant diameter and length
were measured on panoramic radiographs and
the horizontal and vertical magnification rates of
each placed area were calculated based on the
length and width of the placed implant. A twoway ANOVA test was used to evaluate the magnification rate in regard to implant location and
gender.
Results:
The range of the magnification factor of the
width was 111.09–126.02, which was lowest in
the maxillary molar region and greatest in the
mandibular anterior region. While the lowest
magnification value of the length (111.58) was
observed in the mandibular molar region, the
highest value (116.09) appeared in the maxillary
premolar area. Hence, there were no significant
differences in image magnification with regard
to anatomical site and gender.
Conclusion:
Digital panoramic radiography can be reliably
used for pre-implant evaluation in various anatomical sites of the jaws in both genders.
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Introduction
Dental implants have been successfully used
for replacing missing teeth over the past few
years.(1) A thorough radiographic assessment
for the selection of an appropriate implant size
is considered as an important prerequisite for
preoperative evaluation of patients for implant
therapy.(2) According to the European Association for Osseointegration, cross-sectional imaging is recommended in borderline cases with
limited bone height and width. Panoramic radiography has been widely used as the first choice
in implant treatments because of its low radiation
dose, low cost, and accessibility.(2, 3) Vazquez et
al.(4) have suggested that panoramic radiograph
is sufficient for measuring the height of alveolar
bone in the mandibular posterior region before
implant surgery. Panoramic radiographs provide
information on the position of the mandibular
canal and maxillary sinus floor, overall shape
of the jaws, and the presence of asymptomatic
lesions in the jaw. However, image magnification in the horizontal and vertical planes is one
of the disadvantages of panoramic radiography,
which varies considerably.(4) This magnification should be considered when selecting the
most appropriate implant size for a region.(5)
Few studies have evaluated the magnification of
digital panoramic radiography and the impact of
anatomical location and gender on image magnification.(6-8) Kim et al. (7) found significant differences between the magnification of the length
of inserted implants in the mandible and maxilla, which is consistent with the results of the
studies conducted by Bashizade et al. (9) and Park
et al. (10) Yong Geun Choi et al. (6) pointed out that
the radiographic magnification of the width was
influenced by gender, whereas the magnification
of implant length was influenced by anatomical
location.(6) Vazquez et al., however, showed that
the vertical magnification of dental implants was
unrelated to the mandibular sites and gender.(4)
Therefore, because there is controversy over the
influence of gender and anatomical location on
the magnitude of the radiographic magnification in panoramic radiographs, the aim of the
present study was to assess and compare the
vertical and horizontal magnification rates in
panoramic radiography in different areas of the
mandible and maxilla.

Materials and Methods
This retrospective study was conducted on dental records and panoramic radiographs of 48 patients (29 men, 19 women) treated with implants
from January 2014 to June 2014. All panoramic
radiographs were taken with a digital system (Planmeca, Helsinki, Finland) in a 1:1 mode. The
radiographs with high technical standards (appropriate density, contrast, and sharpness) were
included in the study. A total of 202 implants
were evaluated and the study was approved by
the Ethics Committee of Shiraz Medical University. Patients’ age had a range of 32–80 years
(mean age: 57.4 ± 8.3 years). The distribution of
the implant sites is described in Table 1.
The maximum dimension of implant length
(along the edge of the implant from the implant’s
apex to the most coronal point of the implant)
and width at the collar region were measured on
panoramic radiographs under standardized conditions by a trained senior dental student using
an image measurement program (OsiriX imaging software) (Figure 1). To reduce measurement
errors, only one implant model (Intra-lock, USA)
was included. The dimensions of the implant fixture placed corresponded to the width and length
of the fixture suggested by the implant manufacturer. The examiner was blinded to the length
and width of the implant placed as well as to the
patients’ gender.

A

B
Figure 1. Measuring the width (A) and length (B) of
implants in a sample patient
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The magnification rate of the width and length
was calculated as follows:
The magnification rate of length =
The magnification rate of width =
The data was analyzed using SPSS version
16 (SPSS Inc., Chicago, IL, USA) at a 5%
significance level. The two-way ANOVA test
was used to evaluate the statistical significance
of the difference in magnification rates for width
and length of the implant in regards to anatomic
locations (among different anatomic locations).
The paired t-test was used to determine the
difference of magnification rate in regards to
gender.
To assess intra-observer reliability, the researcher, measured 10% of the radiographs again after 2 weeks. The paired t-test was then used to
determine the difference in magnification rates
between dual measurements.
Results
The intra-observer reliability was good and the
correlation coefficients for length and width
were 0.89 and 0.85, respectively. There was no
significant difference between the actual implant
length and that of the radiographic implant.
There was no significant difference in the magnification of width and length for the implant in
regard to gender. In other words, the magnification rate of the width and the length was not significantly different between males and females.

The range of magnification factor for the width
was 111.09–126.02 and was lowest in the maxillary molar region and greatest in mandibular
anterior region. While the lowest magnification
value of the length (111.58) was observed in
the mandibular molar region, the highest value
(116.09) appeared in the maxillary premolar area
(Table 1). However, there were no significant
differences between magnification rate of width
and length according to the anatomic location of
the implant (Table 2).
Based on the one-way ANOVA results, when the
effect of different jaws were controlled, there was
no significant difference between mean magnification rate for width and positions in the jaw (p
= 0.346). Moreover, the mean magnification of
width was not statistically different between the
two jaws (p = 0.063) when the effect of different
positions was controlled. Interestingly, there was
no significant interaction effect between different jaws and anatomical positions (p = 0.984).
By controlling the effect of the jaw, there was
no significant differences between the magnification rate of length in different positions (p =
0.992). Similarly, by controlling the effect of the
position, no significant difference was found for
the magnification rate of length in different jaws
(Figure. 2).

Table 1.The distribution of the implant sites in the present study
Position

Maxilla

Mandible

Anterior
Premolar
Molar
Anterior
Premolar
Molar

Magnification rate of width
N
Mean
SD
38
117.58
17.23
14
112.65
12.83
27
111.09
18.12
50
126.02
21.94
40
118.22
15.90
33
124.89
43.51

SD: standard deviation
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Magnification rate of length
N
Mean
SD
38
115.35
13.82
14
116.09
10.75
27
113.74
11.60
50
111.80
10.65
40
115.31
8.75
33
111.58
8.30
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Table 2. Two-way ANOVA results for magnification of width and length
Effect
Position
Jaw
Position* jaw
error
total
Position
Jaw
Position* jaw
error
total

Width

Length

Sums of squares
1259.599
2062.411
62.621
115743.722
3063376.728
231.160
200.327
56.057
22835.905
2634382.820

df

Mean square

F

P

2
1
2
196
202
2
1
2
196
202

629.800
2062.411
31.311
590.529
115.580
200.327
28.028
116.510
-

1.067
3.492
0.053
0.992
1.719
0.241
-

0.346
0.063
0.984
0.373
0.191
0.786
-

SS:Sum of Square, d.f: degrees of freedom, MS: Mean Square
ANOVA: Analysis of variance

A

B
Figure 2. The association between magnification of width (A) and length (B) of the implants regarding anatomical site
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Discussion
The present study investigated image magnification of panoramic radiographs according to anatomical position and gender. Image magnification can be influenced by different factors, such
as patient position, jaw shape and size, mandibular angulation, implant types, gender, and anatomical site in the jaw.(6, 10) A thorough radiographic examination is essential for pre-implant
diagnosis and treatment planning.(4) Different
imaging modalities have been used for pre-implant evaluation, including intraoral preapical
radiography, lateral cephalometery, conventional tomography, computed tomography (CT),
and cone-beam computed tomography (CBCT).
Each radiographic technique has its own limitations and applications.
Panoramic radiography, which is considered as
the standard radiographic modality for implant
treatment planning, provides an overview of the
teeth and surrounding structures. Panoramic radiography, however, is a low-dose and low-cost
modality in comparison with other modalities,
such as CT and CBCT.(11-13)
One of the limitations of panoramic radiography
is the magnification in both a horizontal and vertical direction.
Different factors, such as patient position, type
of equipment, anatomic location in the arch,
gender, and patient’s jaw size and shape, may
considerably affect the degree of magnification
in digital panoramic radiography.(5, 6, 14) Furthermore, panoramic radiographs provide two
dimensional (2D) images, which propose certain
limitations, such as distortion and superimposition of adjacent structures that may limit its use
in some cases.
To increase the chance of success in implant
placement, the dentist should consider the degree of magnification when selecting the most
appropriate implant size.(5) Selecting the implant
size precisely could enhance the survival rate of
the implant and reduce the risk of complications
especially when neighboring vital structures that
are in close proximity to the implant site. It has
been reported that the survival rate of the short
and narrow implants are significantly lower than
that of standard implants.(15, 16)
Different approaches have been suggested for
calculating the degree of magnification includ-

ing developing a mathematical theory and using a reference calibration method with known
dimensions such as a ball, autoclave cylinder
markers and gutta percha markers.(17) The standard calibration method works by using a transparent template, which considers a magnification
of 1.25 for all panoramic radiographs or may use
the mean magnification factor of 1.25 without
using a template.(17, 18) In previous studies, different factors influencing image magnification
in panoramic radiographs, such as radiographic technique, patient positioning, jaw size and
shape, gender, and anatomical location, have
been evaluated.(2, 19, 20)
In the present study, the magnification factor
of the width was lowest in the maxillary molar
region and greatest in the mandibular anterior
region. While the lowest magnification value of
the length was observed in the mandibular molar
region, the highest value appeared in the maxillary premolar area. According to the results
of Kim et al.(7) and Gomez-Roman et al.(5), the
diameter of the implant was enlarged mostly in
the mandibular anterior area, which was consistent with the findings of the present study. Because the curvature level of the jaw is different
in each individual and can be affected by patient
positioning during imaging, a higher magnification rate in the anterior area of the jaw can be
seen.(21) In a study by Lars Schropp et al., maximum magnification factor in the panoramic radiographs was observed in the molar maxillary
area.(17) Bashizade et al., however, showed that
radiographic magnification in analog panoramic
radiographs was specified by anatomic location.
They found that the maximum and minimum
vertical magnification was in the anterior region
of the maxilla and posterior region of the mandible, respectively.(9) The difference in the results
of Bashizade et al. with those of this study may
be due to smaller sample size, application of
analog panoramic radiographs, and considering
CT scans as a gold standard for determining the
magnification in panoramic radiographs.
Choi et al. evaluated the effect of patient’s gender and anatomic locations of implants on image
magnification. They concluded that the magnification of implant diameter (width) was significantly higher in women. However, gender did
not affect the implant length magnification.(6)
Kim et al. also showed that the magnification
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rate of the width and length of implants according to gender was not significantly different.(7)
Similarly, in the present study, no differences in
magnification for width and length were found in
regards to gender.
Similar to our findings, Vazquez et al. concluded
that the vertical magnification of dental implants
was unrelated to the mandibular sites and gender.
(4)
However, Choi et al. found that, while anatomic location failed to affect the magnification
of the width of the implant, it affected that of the
implant length.(6) Jun-Beom Park concluded that
the radiographic magnification of the implant
may be influenced by anatomical sites.(10) Likewise, Kim et al. found the magnification rate of
the width and the length was significantly different depending on the anatomic location.(7) The
factors such as the difference in the jaw size and
shape because of variation in the ethnicity of the
studied patients, implant types, and radiographic
machine are important factors, which explain the
disparity between the yielded results. Furthermore, other variables, such as the patient’s head
positioning and the observer’s experience given
to the task of measuring, may influence the accuracy of the results.
The focal variation in different radiographic panoramic equipment, which may affect the
radiographic magnification.(6) Therefore, owing
to the influence of the radiographic equipment on
radiographic magnification, in the present study,
all radiograph records were taken with the same
machine. Furthermore, the examiner was blinded to the actual length and width of the implant
and the patients’ gender to minimize any bias.
Considering the possible effect of implant types
on implant magnification (7), the radiographs of
the same implant type (submerged type) were investigated.

Therefore, digital panoramic radiography can be
reliably used for pre-implant evaluation in various anatomical sites in both genders.
The study also had some limitations. Some variables, such as jaw size and shape and patient
positioning, may influence the image magnification. However, these factors were not considered
in this retrospective study. Further investigation
is recommended to overcome these limitations.
In conclusion, according to the present study,
there was no significant difference in image
magnification with regards to anatomical site
and gender.
Conclusion
The radiographic magnification of dental
implants was not influenced by gender and
anatomic location. Therefore, digital panoramic
radiography is an effective and simple method
for pre-implant diagnosis and treatment planning
that can be applied in different anatomical sites
in both genders.
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