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Reliability of two different presurgical preparation
methods for implant dentistry based on
panoramic radiography and cone-beam computed
tomography in cadavers
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Purpose: Special care is necessary to avoid invading important anatomic structures during surgery when presurgical plan-
ning is made based on radiographs. However, none of these types of radiography represents a perfect modality. The purpose
of this study was to determine the reliability of presurgical planning based on the use of two types of radiographic image
(digital panoramic radiography [DPR] and cone-beam computed tomography [CBCT]) by beginner dentists to place implants,
and to quantify differences in measurements between radiographic images and real specimens.

Methods: Ten fresh cadavers without posterior teeth were used, and twelve practitioners who had no experience of implant
surgery performed implant surgery after 10 hours of basic instruction using conventional surgical guide based on CBCT or
DPR. Two types of measurement error were evaluated: 1) the presurgical measurement error, defined as that between the pre-
surgical and postsurgical measurements in each modality of radiographic analysis, and 2) the measurement error between
postsurgical radiography and the real specimen.

Results: The mean presurgical measurement error was significantly smaller for CBCT than for DPR in the maxillary region,
whereas it did not differ significantly between the two imaging modalities in the mandibular region. The mean measurement
error between radiography and real specimens was significantly smaller for CBCT than for DPR in the maxillary region, but
did not differ significantly in the mandibular region.

Conclusions: Presurgical planning can be performed safely using DPR in the mandible; however, presurgical planning using
CBCT is recommended in the maxilla when a structure in a buccolingual location needs to be evaluated because this imaging
modality supplies buccolingual information that cannot be obtained from DPR.
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INTRODUCTION [1,2]. Improvements in the surface and design of dental im-
plants have contributed to this remarkable success rates. Re-

Dental implants have been successfully used for replacing  cent advances in the radiographic techniques used in im-
missing teeth with reported success rates of more than 0%  plant dentistry have increased the accuracy of presurgical
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planning [3,4]. However, there exist the risks of nerve injury
and maxillary sinus perforation originated from inappropri-
ate presurgical planning due to innate discrepancy between
radiographic measurements and real dimensions. Precise ra-
diographic assessment of available alveolar bone and identi-
fication of characteristic bone morphology are indispensible
for dental implant placement. When posterior maxillary and
mandibular sites are considered, the location of important
anatomic structures such as the mandibular canal and maxil-
lary sinus should be identified carefully for proper implant
site selection and length selection.

Pain or paresthesia caused by inferior alveolar nerve injury
is one of major complications. Another major complication
is maxillary sinus inferior wall perforation which is known to
be correlated with the incidence of infection followed by fail-
ure of a dental implant [5,6]. Therefore, special care should be
taken not to invade important anatomic structures during
surgery when presurgical planning is made based on radio-
graphs. More precise radiographic techniques and corre-
sponding proper computer programs to guide precise sur-
gery would reduce the complication rate [4]. Presurgical plan-
ning is mostly made with radiographs such as panoramic,
lateral cephalometric, and periapical radiographs, and com-
puted tomography (CT) [7,8]. However, none of these types of
radiography represents a perfect modality [9,10]. More accu-
rate radiographic technique is required, especially for presur-
gical planning in areas where important anatomic structures
are located. Finding an appropriate location and measuring
the available bone based on panoramic radiograph is one of
the most frequently used modalities for presurgical planning.
A panoramic radiograph displays the body of the mandible
and maxilla, mandibular canal, and maxillary sinus on a sin-
gle image. The length and mesiodistal angulation of an im-
plant are usually determined in the panoramic radiograph.
However, in the anterior area where more distortion exists
than posterior area, the reliability of panoramic radiographs
for presurgical planning of an implant is questionable [11-13)].

The necessity of cross-sectional imaging for a dental im-
plant has been emphasized [14,15]. According to the recom-
mendation from American Academy of Oral and Maxillofa-
cial radiology in 2000, cross-sectional images including con-
ventional spiral tomography, linear tomography, or CT should
be used for presurgical planning [16]. These cross-sectional
imaging techniques exhibit various accuracies. Linear tomog-
raphy is reported to be significantly less accurate than spiral
tomography in detecting mandibular canal [17]. However, it
was reported that measuring available bone volume only us-
ing spiral tomography may lead to a dangerous situation be-
cause the available vertical bone height is exaggerated in spi-
ral tomography relative to panoramic radiography [12]. CT

Journal of Periodontal
& Implant Science

provides less magnification than the other types of cross-sec-
tional tomography. The magnification in CT corresponds to
0 to 4% [18]. CT can offer direct volumetric reconstruction.
Faster and easier data transformation into three-dimensional
analysis is possible. In addition, convenient interpretation is
also possible without overlapping of images [17]. However,
one major disadvantage of CT is a high radiation dose [19),
and therefore cone-beam CT (CBCT) was developed to over-
come this limitation [20,21]. CBCT images are known to have
higher quality than CT images with 1/400 radiation dose of
conventional CT [19,20].

Each type of radiograph has its own advantages and disad-
vantages. Therefore, the radiation dose, magnification rate,
and specific indications need to be considered when select-
ing the type of radiographic images to use in presurgical
planning. The purpose of this study was to determine the re-
liability of presurgical planning based on the use of two types
of radiographic image (digital panoramic radiography [DPR]
and CBCT) by beginner dentists to place implants.

MATERIALS AND METHODS

Study design

Ten fresh cadavers without posterior tooth were used to ex-
amine the accuracy of CBCT and DPR measurements. These
cadavers were from persons who donated their bodies for re-
search or teaching purposes. The posterior teeth were ex-
tracted when there is not any missing posterior tooth. Twelve
dentists who never had any experience of implant surgery
were participated in implant surgery after 10 hours of basic
instruction not including hands-on training. Thereafter, each
participant performed implant surgery using a conventional
surgical guide based on CBCT or DPR on their own. The sites
for implant surgery were randomly assigned for the two in-
vestigated presurgical planning methods: 31 implants were
placed with the surgical guide based on DPR and the corre-
sponding computer program (Starpacs, Infinitt Co., Seoul,
Korea), while 32 implants were placed with the surgical guide
based on CBCT and the corresponding computer program
(Ondemend 3D, Cybermed Inc., Seoul, Korea).

Two types of measurement error were evaluated in this
study: 1) The presurgical measurement error: difference be-
tween the presurgical and postsurgical measurements in ra-
diographs. 2) The measurement error: difference of measured
distances between postsurgical radiographs and the cadaver
specimens.

Measurement errors for CBCT
Virtual planning to determine the appropriate length of the
implant was first performed using CBCT and the correspond-
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ing program. D1 was the difference between the distance
from the implant platform to the anatomic structure (e.g., in-
ferior wall of the maxillary sinus or superior border of the
mandibular canal) and the distance from the implant plat-
form to the implant apex. D2 was the distance from the im-
plant apex to the anatomic structure in postsurgical CBCT. D3
was the distance from the implant apex to the anatomic struc-
ture in the real specimen. The presurgical and postsurgical
measurement errors for CBCT were calculated by subtracting
D2 from D1 and subtracting D3 from D2, respectively. These
measurements are illustrated Figs. 1-3.

Measurement errors for DPR

Virtual planning to determine the appropriate length of the
implant was performed using DPR and the corresponding
program. A presurgical panoramic radiograph was obtained
to measure the distance from the implant apex to the ana-
tomic structure (D4), which was the difference between the
distance from the alveolar ridge to the anatomic structure
and the planned implant length. D5 was the distance from
the implant apex to the anatomic structure in postsurgical
DPR. D6 was the distance from the implant apex to the ana-
tomic structure in a real cross-sectioned specimen. The pre-
surgical and postsurgical measurement errors for DPR were
calculated by subtracting D5 from D4 and subtracting D6
from Ds, respectively. These measurements are illustrated

Figure 1. Measurement of D1. D1 was the difference between the
distance from the implant platform to the anatomic structure (e.g.,
inferior wall of the maxillary sinus or superior border of the man-
dibular canal) in presurgical cone-beam computed tomography and
the distance from the implant platform to the implant apex. M:
mandibular canal.
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Figs. 4 and 5.

Statistical analysis

A linear mixed-effects model was applied with the radio-
graphic apparatus as a fixed effect and the participants and
cadavers as random effects. SAS ver. 9.2 (SAS Institute Inc.,
Cary, NC, USA) was used for statistical analysis of the data.

RESULTS

Presurgical measurement errors

The mean presurgical measurement error was significantly
smaller for CBCT than for DPR (P<o0.05)(Table 1). The presur-
gical measurement error was significantly smaller for CBCT

Figure 2. Measurement of D2. D2 was the distance from the im-
plant apex to the anatomic structure in postsurgical cone-beam
computed tomography. M: mandibular canal.

Figure 3. Measure-
ments of D3 and Dé.
D3 was the distance
from the implant apex
to the anatomic struc-
ture in the real speci-
men using cone-beam
computed tomogra-
phy as a guide. D6 was
same distance in the
real specimen using
digital panoramic ra-
diography as a guide.
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Figure 4. Measurement of D4. D4 was the difference between the
distance from the alveolar ridge to the anatomic structure in presur-
gical digital panoramic radiography and the planned implant length.

Table 1. Presurgical measurement errors for cone-beam computed
tomography (CBCT) and digital panoramic radiography (DPR).
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Figure 5. Measurement of Ds. D5 was the distance from the implant
apex to the anatomic structure in postsurgical digital panoramic ra-
diography.

Table 3. Measurement errors between postsurgical radiography and
real specimens for CBCT and DPR.

No. Mean (SD) (mm) P-value No. Mean (SD) (mm) Pvalue
CBCT 31 1.42(1.23) 0.002° CBCT 26 1.12(1.02) 0.005°
DPR 32 2.82(2.12) DPR 24 1.85(2.09)
3 Significant difference between errors for CBCT and DPR, P<0.05.
CBCT: cone-beam computed tomography, DPR: digital panoramic radiography.
Table 2. Site-specific presurgical measurement errors. 4 Significant difference between errors for CBCT and DPR, P<0.05.
No. M D P-val
0 ean (SD) mm) value Table 4. Site-specific measurement errors between postsurgical ra-
Maxilla diography and real specimens.
BCT 15 1.26(1.23 0.008°
cB 1.23 No. Mean (SD) (mm) Pvalue
DPR 16 3.32(2.34) .
Mandible Maxilla
CBCT 16 158(1.25) 0164 CBCT 14 0.67(0.45) 0.039°
DPR 16 232(181) DPR 13 253(2.69)
CBCT. b ted t hy, DPR: digital ic radi h Mandible
: cone-beam computed tomography, DPR: digital panoramic radiography.
3 Significant difference between errors for CBCT and DPR, P<0.05. CBct 12 165(1.24) 00%8
DPR 11 1.06 (0.55)

(126 +1.23 mm) than for DPR (3.32+2.34 mm, P=0.008) in the
maxillary region, whereas it did not differ significantly between
the two imaging modalities in the mandibular region (1.58 £1.25
mm vs. 2.32+1.81 mm, respectively, P=0.164) (Table 2).

Measurement errors between postsurgical radiography and
real specimens

The measurement error between postsurgical radiography
and cadaver specimens was significantly smaller for CBCT
than for DPR (P<o0.05) (Table 3). This difference was statisti-
cally significant in the maxillary region (P<o0.05) but not in
the mandibular region (1.65+1.24 mm vs. 1.06 + 0.55 mm,
P=0.098)(Table 4).

CBCT: cone-beam computed tomography, DPR: digital panoramic radiography.
3 Significant difference between errors for CBCT and DPR, P<0.05.

Critical errors

Some specimens experienced critical errors such as maxil-
lary-sinus invasion, mandibular-canal invasion, and lingual-
plate perforation (Fig. 6). The error rate in the implant sur-
gery was higher in DPR than in CBCT.

DISCUSSION

Statistically significant differences in measurement errors
were found between the two radiographic techniques in the
present study. This result is consistent with that of previous
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studies [22,23]. The errors were greater for DPR than CBCT
because presurgical plans are made on a two-dimensional
plane for DPR. CBCT should be used for presurgical planning
and postoperative evaluation, especially when dentists with
limited experiences place implants, considering the reduced
errors in three-dimensional presurgical planning.

The measurement errors in the maxilla were significantly
lower for CBCT than DPR. It can be attributed to the difficul-
ty of identifying the exact location of the inferior wall of the
maxillary sinus in presurgical planning when using DPR.
Various levels of the inferior border of the maxillary sinus are
overlapped in DPR. To the contrary, the exact levels of the in-
ferior border of the maxillary sinus can be identified using
CBCT because the view in the specific plane where the im-
plant will be placed is used for presurgical planning. These
data suggest that presurgical planning using DPR for implant
placement on the maxillary premolar or molar area is not
sufficiently reliable. Even though limitation of DPR can be
compensated by abundant clinical experiences, more accu-
rate and precise methods are recommended for preventing
unexpected complications.

In mandible, the measurement error in CBCT didn’t show
any statistically significant difference from that in DPR. This
result is in accordance with that of one previous study [11].
This shows that there will be fewer errors when presurgical
plans are made using DPR in mandible than maxilla. Identify-
ing the superior border of the mandibular canal is easier than
the inferior border of the maxillary sinus because the man-
dibular canal is easy to identify in most cases, except those
with thick cortical bone or a high proportion of trabecular
bone. This convenient detection of the mandibular canal can
allow dentists to place implants in the posterior mandibular
area without any critical complications as long as the bucco-
lingual width is measured carefully. Direct measurement us-
ing calipers is recommended intraorally or extraorally in a
study cast. In summary, presurgical planning in the mandible
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Some critical errors. (A) Maxillary-
@ sinus invasion, (B) mandibular-canal inva-
sion, and (C) lingual-plate perforation.

can be performed safely using DPR by dentists with sufficient
experience and skill, whereas presurgical planning using
CBCT is strongly recommended when a buccolingual loca-
tion of the mandibular canal needs to be evaluated.

Radiographic images do not always display anatomic struc-
tures accurately. In maxilla, it was revealed that less measure-
ment errors between postsurgical radiographic images and
real specimens were found in CBCT than DPR. More accu-
rate detection of the inferior wall of the maxillary sinus was
possible using CBCT.

Both positive and negative presurgical measurement errors
were obtained, whereas only positive measurement errors
were obtained between postsurgical radiographs and real
specimens. It appears that the distance from the implant apex
to anatomic structures was always greater in a postsurgical
radiograph than in the corresponding real specimen.

This study has revealed the best radiographic methods to
use in order to reduce errors by beginner dentists during
dental implantation. Future studies should evaluate the va-
lidity of computer-assisted implant surgery with a surgical
guide fabricated based on CBCT. In addition, it is necessary
to evaluate the measurement errors when experienced den-
tists are placing implants.
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