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Dr. Mohammad Assaf, ABSTRACT
Faculty of Dentistry, Al-Quds University,
Jerusalem, Palestine. Objectives: Orthopantomographs are commonly used for diagnosis in clinical dentistry.

E-mail: massaf@dentist.alquds.edu Although the manufacturers claim a constant magnification effect, the reliability of

measuring dimensions on the panoramic radiographs is not clear. The aim of this study
was to evaluate the accuracy of measuring vertical dimensions in the posterior mandibular
area on digital orthopantomographs. Materials and Methods: A retrospective survey
of 20 orthopantomographs with unrestored implants (only with cover screw) in the
mandibular posterior region (molars and premolars) was conducted. All radiographs
were taken using the same machine by skilled technicians. Two examiners were asked
to measure the vertical dimension of the implants seen on the radiographs viewed using
two differently sized display screens. Inter-examiner and intra-examiner reliability tests
were performed. Differences between the measured length and the actual length using
each screen type were compared. Results: High coefficients of reliability were observed
on intra- and inter-examiner correlation. The overall reliability of measuring the vertical
dimensions of implants between both examiners for the large screen and the small screen
were 97.4% (Cronbach’s alpha 0.993) and 94.0% (Cronbach’s alpha 0.984), respectively.
There were no significant differences between the errors seen with either the large screen
or the small screen, when each of them was compared to the original length (P = 0.146).
Conclusion: This study shows that vertical dimensions in the posterior mandibular
region (molar and premolars) can be reliably measured on an orthopantomograph using
a calibrated machine and special software.
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AfterW.C.von Roentgen discovered X-raysin 1896, a German
DOI: dentist, 0. Walkhoff, used radiographs for dental diagnosis.™
10.4103/2156-7514.148274 At the beginning of the last century, attempts were made to
image the whole jaw with intraoral radiography. Panoramic
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technique developed to image the teeth and jaws became
an essential element in oral radiology.”

Orthopantomography (OPT) became a very popular and
widely accepted technique of dental radiography. It is a
curved plane tomographic radiographic technique used
to depict on a single image the body of the mandible and
maxilla, the lower part of the maxillary sinuses, and the
temporomandibular joints.®! OPTs have a wide variety of
uses, including the screening of patients during dental
treatment for evidence of cysts, impacted teeth, foreign
bodies, and neoplasms.**! OPTs are also used to evaluate
pathological situations related to the temporomandibular
joints and maxillary sinuses and to evaluate mandibular
fractures. In addition, OPTs offer information about the
locations of important anatomic structures in the orofacial
region which are needed for dental implant planning.’®”!

The evolution of more precise three-dimensional techniques
such as conventional computed tomography (CT), cone
beam computed tomography (CBCT), and magnetic
resonance imaging has improved oral diagnosis and
implant treatment planning by virtue of their higher
precision.®? In comparison with CT and other expensive
precision radiographs, OPT is a simple, low-cost imaging
modality with patients being exposed to relatively low dose
of radiation.'*'? The effective doses may vary significantly
among CBCT machines; however, when compared to
medical CT, CBCT is considered to be a low-dose technique
for use in dental implant procedure.>" The effective dose
from CBCT examinations could range from 13 to 479 uSv
with different commercially available CBCT machines,
while the effective dose from one OPT is approximately
10-14 uSv.'¥ On the other hand, the exposure from a
maxillomandibular medical CT ranges from 474 to 1160
uSv.le

Digital panoramic machines are not significantly different
from conventional panoramic units; thus, it has been
suggested that the degree of vertical magnification due to
projection geometry is similar for digital and conventional
rotational OPTs.” Calibrated software-based tools are used
to overcome the magnification when measuring vertical
dimensions on a digital OPT; the measurements will be
more accurate when the magnification of the radiograph
is closer to the estimated magnification predetermined
by the manufacturer. In 1986, Larheim and Svanaes!”
investigated the precision of measurements of mandibular
linear dimensions in panoramic radiographs and showed
that the variability of vertical measurements made from
repeated panoramic radiographs was small when patients
were properly positioned in the panoramic machine. They
reported that the highest reliability was obtained when the

same radiographer adjusted the head position and made
both exposures.''”!

There are a large number of panoramic X-ray machines
available from various manufacturers, and the magnification
factor varies from one manufacturer to another. This
variation results in differences in magnification and in the
amounts of distortion and displacement of structures.['8'
Other factors such as the skills of the examiner and the
position of the patient’s head may also reduce the accuracy
of the OPT.? The aim of this study is to evaluate the
accuracy of measuring vertical dimensions in the posterior
mandibular area on a single digital OPT machine, and to
determine the margin of error of measurements from OPTs
taken in regular daily practice. The study also evaluated the
possible influence of the size of the display screen on the
accuracy of measurements.

MATERIALS AND METHODS

A retrospective review of the files of all implant patients
treated at Alpha Clinic, a private clinic limited to periodontics
and dental implants (Ramallah, Palestine), during the years
2010-2013 was conducted. After exclusion of non-suitable
images, the selection process yielded a total of 20 digital
panoramic radiographs taken using the same radiographic
machine.These radiographs were taken during the process
of treatment for various reasons; none were taken for the
purpose of this study. A total of 27 implants inserted in
the posterior segment of the mandible were included
for evaluation. Eleven (60%) implants were placed in the
premolar region and 16 (40%) in the molar region. Seven
of the selected panoramic radiographs included more
than one implant, while six implants were evaluated in
two different panoramic radiographs at different time
points. These images were taken from the records of
14 patients (6 males and 8 females; age 20-51 years, mean
age 34 years) [Table 1].

All implants in the OPTs selected were placed by a single
surgeon (M. A.) who decided the width and length (L) of
the implants based on pre-operative CBCT images used
for treatment planning. The location of dental implants
for a partial edentulous ridge was determined clinically,
considering the adjacent and opposing teeth. The included
implants were of different systems, models, and dimensions.
The lengths of dental implants used in the obtained OPTs
ranged between 8 and 13 mm [Table 1].

Radiograph inclusion criteria

e Only panoramic radiographs with implants in the molar
and premolar mandibular regions were included in this
study.
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e All panoramic radiographs used in this study were
required to be taken using one single radiographic
machine: KODAK 9000 3D’ CBCT (Carestream Health,
Inc., Marne-la-Vallée, France). These images were taken
as direct OPTs and not as CBCT reconstructions.

e The panoramic radiograph included had to clearly
show the inferior alveolar nerve, the mental foramen,
the nasal floor, and the maxillary sinus floor. The clarity
of images was subjectively determined by a single
dentist (A. AG.) who is experienced in interpreting
panoramic radiographs.

e Toavoid measurement mistakes, only root form titanium
dental implants covered by covering screw (without
healing cap, temporary restoration, or crown) were
included in this study.

Radiography details

All digital panoramic radiographs were taken at Qirrish
Center for Oral Radiology (Ramallah, Palestine) which
has one radiographic device for panoramic X-ray (KODAK
9000 3D" CBCT). Digital panoramic radiographs were taken
under everyday conditions by two skilled technicians
according to the manufacturer’s specified posit ion for the
patient’s head, but did not follow a strict, standardized
protocol to ensure the patient’s precise head position for
any research purpose. Images were delivered through a
compact disk to our office to be stored on our computer

Table 1: Implant sites and actual dimensions

Patient Age, Sex Lower Tooth Implant Implant
no. years quadrant no. diameter length
Rt/Lt (mm) (mm)
1 49 F Lt 6 3.75 11.5
1 28 F Rt 6 4.2 11.5
8 22 F Lt 6 3.8 12
4 30 F Rt 6 3.75 8
4 30 F Rt 6 3.75 8
5 29 F Lt 7 5 10
5 29 F Lt 6 4.2 11.5
5 29 F Rt 5 3.2 13
6 24 M Rt 5 4.2 11.5
7 22 M Lt 5 3.75 10
7 22 M Lt 6 3.75 8
7 22 M Rt 5 4.2 10
8 51 F Lt 4 3.75 11.5
9 49 M Lt 5 4.2 10
9 49 M Lt 4 4.2 11.5
9 49 M Rt 6 4.2 11.5
9 49 M Rt 6 4.2 11.5
10 38 B Rt 6 4.5 8
10 38 F Rt 7 4.5 8
11 45 M Lt 6 3.75 11.5
11 45 M Lt 4 3.2 11.5
11 45 M Lt 6 3.75 11.5
11 45 M Lt 4 3.2 11.5
12 43 M Lt 7 3.75 10
12 43 M Rt 7 4.2 8
13 24 F Rt 5 3.8 10.5
14 20 M Rt 5 4.2 11.5

for evaluation using a specialized computer software
(Dental Imaging Software DIS Patient File 6.13.0.24,
Carestream Health, Inc., 2013) which is designed specifically
for storage and interpretation of the digital data received
from the X-ray machine (KODAK 9000 3D").

Measurements

The vertical length of each included implant shown on
digital panoramic radiographs was measured by two
independent examiners, who were blind to the actual
readings and did not participate in the treatment of
the patients. Examiner (A) is a pedodontist; the other
examiner (B) is a general dental practitioner with 2 years of
experience in dentistry. Neither of them was aware of the
actual size of the implants used nor were they familiar with
the implant systems used at our clinic. Each examiner had
to examine randomly the X-rays at two different sessions
with 1T week interval. At each session, the examiner
had to examine each X-ray using a different display
screen attached to the computer; a large screen (LS) of
42 inches 50-60 Hz 1280 x 768 pixels at 60 Hz (Philips
42PFL3606H/12;2011) and a small screen (SS) of 19 inches,
50-60 Hz 1440 x 900 pixels at 60 Hz (HP NK570A; 2009).

Each examiner was requested to use a mouse-driven
pointer to select the most apical point and the most coronal
point of each implant on the computer software, which will
automatically give the estimated distance between these
two selected points to the nearest tenth of a millimeter.
This reading which represents the measured length of the
implant was recorded by the examiner [Figure 1].

Statistical analysis

Data analysis included tabulation of descriptive statistics.
Reliability analysis was assessed using intra-class
correlation coefficients and Cronbach’s alpha statistic.
For each individual examiner, intra-examiner reliability
statistics for LS and SS were drawn. Inter-examiner

Figure 1: Measurement using a computer software tool to determine the vertical
dimension of an implant placed in the lower jaw. The radiograph shows the
calculated length between the two points selected by the examiner using the
computer’s mouse.
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reliability statistics for each type of measured LS and
SS were also drawn. This reading which represents the
measured length Mean LS, mean SS, and L measures
were compared using Related Samples Friedman's
two-way analysis of variance (ANOVA). The error between
L and measured implant length (for LS and SS) was
computed (dLS and dSS for each examiner, respectively).
Mean error, dLS, and dSS values were computed and
compared using Related Samples Wilcoxon'’s signed rank
test.

RESULTS

Of all the 20 selected OPTs, none was excluded due to
lack of clarity or for having major distortions. Descriptive
demographic data about the actual size and location
of the implants is presented in Table 1. The actual
diameters according to the files of the patients ranged
between 3.2 and 5.0 mm. The actual lengths according to
patient records ranged between 8 and 13 mm; the most
frequently presentlength was 11.5 mm which was present
in 13 radiographs. The minimal and maximal readings by
each examiner using the different screens of the 11.5 mm
implants at each reading are shown in Table 2.

The intra-examiner reliability (intra-class coefficient
measure) was 99.3% and 95.7% for examiner A on
LS and SS, respectively [Table 3]. The intra-examiner

Table 2: Measurements from the radiographs of the

implants with actual length=11.5 m, m according to each

reliability (intra-class coefficient measure) was 96.8% and
90.4% for examiner B on LS and SS, respectively [Table 3].
The inter-examiner reliability (intra-class coefficient
measure) for LS was 97.4% for both examiners [Table 4]. The
inter-examiner reliability (intra-class coefficient measure)
for SS was 94. 0% for both examiners [Table 4].

For LS, the mean error compared to L was — 0.21 mm
(SD 0.414 mm) with both raters [Table 5]. For SS, the mean
error compared to L was 0.29 mm (SD 0.452 mm) with
both raters [Table 5]. There were no significant differences
between L, mean LS, and mean SS measures (P = 0.891,
Related Samples Friedman’'s ANOVA). There was no
significant difference between the mean errors via LS and SS
measures when Related Samples Wilcoxon's signed rank test
was used to compare the median of differences (P = 0.146).

DISCUSSION

The examiners who measured the vertical dimensions of
implants on the digital screens were unaware of the details
of the patients and implants. Although both of them are
dentists, they have very minimal experience in dental
implantology. They were asked not to try to figure out
what were the possible lengths of implants, so that their
measurements would not be biased to a certain length.
Although the dental implants in OPTs were of various
brands, no information was given to the examiners about

Table 4: Inter-examiner reliability: Intra-class coefficients

examiner and screen at different time points

Examiner Screen Measurement (mm)

Minimum Maximum Average
A- 1t LS 10.4 12.2 11.85
A- 2n LS 10.2 12.1 11.95
A- 15t SS 10.5 12.2 11.85
A- 2 SS 10.3 12.2 12.15
B- 1 LS 11.1 12.6 12.3
B- 2nd LS 10.6 12.2 11.7
B- 1 SS 10.6 12.5 11.85
B- 2 SS 10.2 12.9 12.15

n=13 readings, LS=Large screen, SS=Small screen, 1¢'=First reading, 2"*=Second reading,
Examiner A=Pedodontist, Examiner B=General dentist

Table 3: Intra-examiner reliability: Intra-class coefficients

and Cronbach’s alpha

Intra-class 95% F test with true value 0
correlation  confidence
coefficient interval
Lower Upper Value Sig. Cronbach’s
bound bound alpha

Examiner A
LS value 0.993 0.984 0.997 266.171 <0.001 0.996
SSvalue 0.957 0.909 0.980 45.939 <0.001 0.978
Examiner B
LS value 0.968 0.932 0.985 62.060 <0.001 0.984
SS value 0.904 0.802 0.955 19.924 <0.001 0.950

LS=Large screen measured length, SS=Small screen measured length,
Examiner A=Pedodontist, Examiner B=General dentist

and Cronbach’s alpha

Intra-class 95% F test with true value O
correlation  confidence
coefficient interval
Lower Upper Value Sig. Cronbach’s
bound bound alpha

LS value 0.974 0.954 0.987 152.417 <0.001 0.993
SS value 0.940 0.896 0.969 63.903 <0.001 0.984

LS=Large screen measured length, SS=Small screen measured length

Table 5: Error values of measures for both examiners and
screens

Mean difference: Standard Standard
dLS (L—LS) mm deviation error

-0.0167 0.456 0.088

Examiner A

Examiner B —0.0259 0.815 0.872
Mean difference:
dSS (L—SS) mm
Examiner A -0.0148 0.491 0.094
Examiner B 0.074 0.464 0.892
Mean error
Large screen —-0.021 0.414 0.079
Small screen 0.029 0.452 0.086
P value 0.146

(related samples Wilcoxon’s
signed rank test)

dLS=L-LS, dSS=L-SS, L=Actual length of the implant, LS=Large screen measured
length, SS=Small screen measured length, Examiner A=Pedodontist, Examiner B=General
dentist
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which types of implants we use in our clinic, in order to avoid
any possible bias by the examiner who might try to guess
the length of implant and influence the measurements.
Each examiner was asked to do the measurements twice
on different days with at least 1 week interval to measure
the intra-examiner reliability. The reliability for repeated
measurements was high for both examiners, whether they
were using the LS or SS.

Accuracy of an OPT is influenced by patient’s head
position, the observer’s experience, and accuracy.?” All
these factors could be eliminated to the minimum if
the radiographer was knowing that the OPT would be
analyzed for research purposes; thus, the retrospective
design of this study gives more realistic results. The
calibration of the machine is another factor that can
impact the accuracy and reproducibility obtained from
digital panoramic radiographs.®'8921 For this reason,
we used all radiographs taken by the same machine to
eliminate calibration variations between different devices.
Two skilled radiographers work at the radiology center
where the OPTs were taken; either one of them could
have taken any of the radiographs we received. There is
no information of who was the radiographer of each OPT,
because they do not write such details in their routine
records. Not revealing this data makes our study more
realisticand reduces the bias, because it has been reported
in a previous study that the reproducibility of OPTs could
be different between two different radiographers using
the same machine.l'”

Two different screen sizes were utilized to determine if
this factor may influence the accuracy of measuring the
vertical length; however, the inter-class coefficient showed
that there were no significant differences in measurements
according to screen sizes [Table 4].

High accuracy was shown in this study [Table 5], where
the maximal error in measurements never exceeded the
precautionary safety margin of 2 mm between the drilling
position forimplant site preparation and any vital anatomic
landmark.122!

In the 1980s, the first revolution came with the
introduction of digital dental radiography in dentistry.
A second milestone was reached in the 1990s with the
introduction of computerized software applications for
two- and three-dimensional diagnostics which could
be efficiently used for presurgical planning.?*2 The
imaging technology is still a promising field in surgical
planning for dental implants. Probably the use of three-
dimensional images may ensure better precision in
implant techniques.

Image magnification and lack of cross-sectional
information are the major drawbacks of the image
modality of OPTs forimplant surgery planning.”” Thus, it is
not possible to confirm that the dimensions of structures
shown on OPTs correspond to the real dimensions of the
structures.?® Different authors have reported vertical
magnification of OPTs in the posterior mandibular area to
be constant between 125 and 130%.1'22°3% |nsignificantly
slightly higher magnification was observed in the lower
premolar area compared to molar area.l'>3% Vazquez et
al., suggested that the implant length measures could
be used to evaluate the vertical magnification factor
even when the patient’s head position was not strictly
standardized before exposure and when measurements
were taken by observers with different skill levels and
experience.” These results are consistent with this study
which was performed retrospectively in a daily practice
environment.

Other studies have both confirmed the reliability of
vertical dimensions on OPTs and shown that horizontal
assessments are unreliable, especially in the anterior
regions.?>* Distortions in the anterior area could be caused
by the fact that the curvature level of the jaw is different in
each individual and can be influenced by patient position
during imaging.k? A tendency to greater enlargements of
measurements on OPTs has been observed in the maxilla
compared to the mandible.l'?

To rely on the vertical dimension measured on an OPT for
implant planning, Philip Worthington?? has suggested
a simple formula which considers magnification of the
radiograph, a “safety zone” margin (1-2 mm), and the
“useless” thin crestal bone. He recommended performing
careful measurement and using the correct magnification
factor. He suggested that nerve injury should be included
in the informed consent, and both radiograph and
calculations should be kept in patient’s chart as evidence
of meticulous patient care. Other important local factors
that mightinfluence the accuracy of measuring the vertical
height of available bone in the posterior mandibular area
using an OPT are the bucco-lingual position of the inferior
alveolar canal and the bucco-lingual position of crestal
peak of alveolar bone. The bucco-lingual positions of these
landmarks may result in false estimations of the height of
available alveolar bone 2?7

Limitations

The limitation of this study is the small number of
radiographs used in this retrospective study. A study
involving a greater number of radiographs will give more
accurate results.
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CONCLUSION

Within the limitations of this study, it seems that digital
OPT is a reliable and safe imaging modality to evaluate
the vertical dimension of the alveolar bone in posterior
mandibular (molar and premolar) regions if a well-calibrated
machine with a specialized measuring software is used.
Using a high-quality screen is important; however, there
were no significant differences between the measurements
obtained by different screen sizes used in this study.
A larger scale study needs to be conducted with more
radiographs and examiners to confirm these results.
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