
Introduction

Continuous advances in the field of implant dentistry
have provided clinicians with various treatment options to
facilitate the placement of dental implants in patients with
deficiencies in bone volume in the posterior maxillae. Now-

adays, one of the most common and predictable ways to
compensate for inadequate vertical bone height is to ele-
vate the sinus floor.1,2 Most of the time, this is done in com-
bination with bone grafts and bone substitutes.3

Appropriate case selection requires a thorough (clinical
and radiographic) examination. Further, the European Asso-
ciation for Osseointegration (EAO) reported on the current
recommendations on radiographic diagnostic considera-
tions in implant dentistry.4 They recommended cross-sec-
tional imaging in clinical borderline situations where there
appears to be limited bone height and/or bone width avail-
able for successful implant treatment. Intraoral and pano-
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ABSTRACT 

Purpose: This study was performed to determine the efficacy of observers’ prediction for the need of bone grafting
and presence of perioperative complications on the basis of cone-beam computed tomography (CBCT) and panoram-
ic radiographic (PAN) planning as compared to the surgical outcome.
Materials and Methods: One hundred and eight partially edentulous patients with a need for implant rehabilitation
were referred for preoperative imaging. Imaging consisted of PAN and CBCT images. Four observers carried out
implant planning using PAN image datasets, and at least one month later, using CBCT image datasets. Based on
their own planning, the observers assessed the need for bone graft augmentation as well as complication prediction.
The implant length and diameter, the need for bone graft augmentation, and the occurrence of anatomical complica-
tions during planning and implant placement were statistically compared.
Results: In the 108 patients, 365 implants were installed. Receiver operating characteristic analyses of both PAN
and CBCT preoperative planning showed that CBCT performed better than PAN-based planning with respect to the
need for bone graft augmentation and perioperative complications. The sensitivity and the specificity of CBCT for
implant complications were 96.5% and 90.5%, respectively, and for bone graft augmentation, they were 95.2% and
96.3%, respectively. Significant differences were found between PAN-based planning and the surgery of posterior
implant lengths.
Conclusion: Our findings indicated that CBCT-based preoperative implant planning enabled treatment planning
with a higher degree of prediction and agreement as compared to the surgical standard. In PAN-based surgery, the
prediction of implant length was poor. (Imaging Sci Dent 2014; 44: 213-20)
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ramic radiography (PAN) do not shed light on the orofacial
bone width, and a majority of the proposed implant sites
cannot be properly evaluated on this basis alone. These diag-
nostic errors can have significant clinical consequences.5-7

Implant surgery complications are not uncommon and
should be anticipated during the planning phase to allow
for predictable surgery.8-10

The overall goal of the present study was to compare the
treatment planning using PAN or cone-beam computed
tomography (CBCT) images with the surgical gold stan-
dard when performing the surgery.

Materials and Methods

This study was approved by the Institutional Ethical
Review Boards of the KULeuven, Leuven (Belgium) under
the number B32220083749 and the San Martin de Porres
University, Lima (Peru) (protocol #012/2009). It was con-
ducted from July 2009 to June 2010. Informed consent was
obtained from patients to use their anonymized X-ray
images and photographs. Consent for involvement in the
study had no further implications on their treatment.

The patients were treated following the principles embod-
ied in the World Medical Association Helsinki Declaration
of 1975 for biomedical research involving human subjects,
as revised in 2000.

The patients’ inclusion criteria were as follows: at least
18 years of age, absence of general medical contraindica-
tions for oral surgery procedures (American Society of
Anesthesiologists ASA-1 or ASA-2), full-mouth bleeding
score and full-mouth plaque score of less than 25% at base-
line, partial edentulism referred for one or more implants
and with the intention of providing rehabilitation by means
of implant-supported prostheses, absence of ongoing infec-
tion at the intended implant site or sinus pathologies for
those scheduled for maxillary sinus augmentation, and
ability to sign the informed consent form. Patients were
excluded if they presented one or more of the following
exclusion criteria: any systemic disease, condition, pathol-
ogy, or medication that might compromise healing or im-
plant osseointegration.

A total of 108 patients fulfilled the abovementioned
inclusion criteria (59% males, 41% females, mean age: 55
years, range: 23-57 years) of which 20 had intraoral radio-
graphs and 88 had panoramic radiographs taken.

Image acquisition and patient confidentiality 

Patients were included if both PAN images and CBCT

images had been taken with a maximum interval of four
months and if the presurgical planning phase was followed
by implant placement. For PAN radiography, an Orthopan-
tomograph® OP-100D (Instrumentarium Corp., Tuusula,
Finland) was used. The unit used a charge-coupled device
and was operated at 70 kV and 8 mA.

In order to make meaningful measurements from the
PAN images, the magnification factors of the PAN unit
were measured using an object of known dimensions. Prior
to full implementation of the study, a pilot study was con-
ducted to evaluate the magnification factor. Six reference
balls having a diameter of 5 mm were fixed by a piece of
wax in the maxillary and mandibular anterior, premolar,
and molar regions of partially edentulous patients. The
panoramic imaging unit reported a mean calculated mag-
nification factor of 1.27±0.02 (range: 1.23-1.31).

All CBCT images were acquired using i-CAT® (Imaging
Sciences International Inc., Hatfield, PA, USA), operating
at 120 kVp and 8 mA, an exposure time of 26.9 s, and a
voxel size of 0.2 mm. A list with the codes and the corre-
sponding names was created and saved in an encrypted
file so that patient confidentiality was protected and yet,
the data were retrievable if needed.

Observers’ assessments

Five experienced implant surgeons evaluated the intrao-
ral radiographs, PAN, CBCT examinations, and intraoral
photographs on two occasions under standardized condi-
tions (e.g., those related to the room, dimmed light, moni-
tor, and image size). In the first session, the surgeons eval-
uated only conventional images. The second session was
based on conventional images and CBCT images. The
viewings were separated by a four-week interval to avoid
case memory. The order of images was randomized per
session, as was the order of sessions for each rater.

For visualizing the CBCT images, the i-CATVisionTM

(Imaging Sciences International, Inc., Hatfield, PA, USA)
software was used to visualize the cases. The slice thick-
ness was 0.25 mm. The direct volume rendering screen
and three-dimensional (3D) modality were used to scroll
through the axial, sagittal, and coronal planes. Two train-
ing sessions were organized prior to the final observations
for the calibration of the observers. For observing the
panoramic images, the Digora® for Windows 2.7 software
(Digora, Soredex, Tuusula, Finland) was used for implant
planning. The values were corrected for the respective mag-
nification factor of the panoramic X-ray unit. The images
were viewed on a Dell Precision® Display (1920×1200
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pixels) (Dell Inc., Round Rock, TX, USA) in a dimmed
room at a distance of 60 cm from the diagnostic viewing
screen. 

For each patient, each practitioner had to select an im-
plant for each prospective implant site. The choice of im-
plants was restricted to the implants available in the Re-
nova® and Prima Connex® implants library (Keystone Den-
tal, Burlington, MA, USA). In the selection of implants,
the observers were required to use a safety margin of 1.5
mm below the maxillary sinus or nasal floor and above
the mandibular canal. 

Based on their own planning, the observers needed to
answer three categories of questions: 1) implant character-
istics, 2) bone graft augmentation, and 3) expected com-
plications. The implant length and diameter were the two
implant characteristics studied. Considering bone graft
augmentation, some bone substitutes were an alternative
to the autogenous bone. Of the different available surgical
techniques, onlay grafting, inlay grafting, ridge expansion,
sinus floor augmentation using the crestal approach (osteo-
tome technique), and maxillary sinus elevation using the
lateral approach with implants placed simultaneously or
in a second surgical phase, were included.

As a grafting material, the autogenous bone from the
retromolar-ramus or the maxillary tuberosity area was used
together with the anorganic bovine bone (Bios-Oss®, Gei-
stlich Pharma AG, Wolhusen, Switzerland) covered with
a collagen membrane (Bio-Gide®, Geistlich Pharma AG,
Wolhusen, Switzerland). The implant systems used in the
present study were Prima Connex® and Renova®. The pro-
posed implant site was prepared according to the manu-
facturer’s recommendation, and the implant with the desir-
ed length was placed. All surgical procedures were per-
formed by an experienced periodontologist with more than
10 years of experience in implant dentistry.

For each patient, the following postoperative complica-
tions were measured intra-surgically and one week post-
operatively: Schneiderian membrane perforation, wrong
angulation, fenestration, dehiscence, sensory disturbance,
and infection.

Observations of a small or medium (ø: ⁄10 mm) Sch-
neiderian membrane perforation were recorded. Wrong
angulations were assessed in the mesiodistal, corono-api-
cal, and orofacial view using photography. Fenestrations
were measured from the coronal to the apical margin of
the implant exposure, and dehiscence was assessed by
measuring the height (in millimeters) of the bone defects
at the mid-buccal or the lingual aspects of the exposed part

of the implants by using a 1-mm marked periodontal probe
and photography. The neurosensory functions of the chin
and the lip were assessed according to a previously describ-
ed methodology for clinical neurological testing.11 Finally,
infection was recorded when patients had severe pain, pus,
swelling, and inflammation.

The CBCT and PAN accuracy in estimating implant
characteristics, the required bone graft augmentation in a
deficient crest, and the expected complications were eval-
uated using the postoperative data as reference.

Statistical methods

All statistical analyses were performed using STATA v12
for Windows (StataCorp LP, College Station, TX, USA).
Differences in the implant length and diameter between
CBCT and PAN planning were compared using the Krus-
kal-Wallis non-parametric analysis of variance (ANOVA),
assuming that the samples did not follow a normal distri-
bution. When assessing the overall bone graft augmenta-
tion and the expected complications during surgery with
the preoperative planning on different modalities and
observers, the z test for the difference in proportions was
calculated. The statistical significance was set at p⁄0.05
for all the tests.

To compare the agreement among the four observers on
PAN versus CBCT, Kappa coefficients were selected.12

Kappa coefficients were evaluated according to the follow-
ing criteria: ⁄0, no agreement; 0.0-0.20, slight agreement;
0.21-0.40, fair agreement; 0.41-0.60, moderate agreement;
0.61-0.80, substantial agreement; and 0.81-1.00, almost
perfect agreement.

The receiver operating characteristic (ROC) curve was
generated to graphically present the interaction between
sensitivity and specificity. The overall test performance
was quantified using the area under the ROC curve. The
area under the curve (AUC) measures the overall capacity
of the test to discriminate between participants with the
disease and those without it. An AUC of 0.5 indicates a
poor discriminative ability; 0.75-0.92 is good, 0.93-0.97
is very good, and an area of 1.0 indicates a perfect test.13

Results

The number of patients observed and scored was 108.
The specialists placed a total of 365 implants. A majority
of the patients had 3 to 4 implants (38.9%), more frequent-
ly located on the molar and premolar positions (Table 1).
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Implant characteristics

Significant differences were found for the implant leng-
th in the posterior position between PAN surgery (p⁄0.01)
for the four observers. Considering the implant diameter
on the posterior positions, the four observers reported sig-
nificant differences between the two modalities when com-
pared to the surgery (Table 2).

Bone graft augmentation and expected complications

There were significant differences between CBCT plan-
ning and surgery (p==0.001) with 28% of the implant com-
plications planned on CBCT, while in the case of surgery,
this percentage reduced to 18%.

Regarding the presence of fenestrations, the percentages
of modalities of PAN (1%) did not differ from that of sur-
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Table 1. Sample distribution of implant sites (n==365)

Variable n %

Location of implant sites
Anterior 79 21.6
Posterior 286 78.4

Number of implants per patient
1-2 38 35.2
3-4 42 38.9
5-6 22 20.4
7++ 6 5.6

Position of implants
Incisive 49 13.4
Canine 30 8.2
Pre-molar 186 51.0
Molar 100 27.4

Quadrant
1 108 29.6
2 118 32.3
3 84 23.0
4 55 15.1

Table 2. Variation on pre-surgical planning with modality

Variables Observer 1 Observer 2 Observer 3 Observer 4

Length of implants (Anterior)* p¤0.05
Length of implants (Posterior)

CBCT-Surgery p==0.4788 p==0.4788 p==0.4788 p==0.4787
PAN-Surgery p==0.0000 p==0.0000 p==0.0000 p==0.0000

Diameter of implants (Anterior)
CBCT-Surgery p==0.1004 p==0.0848 p==0.0848 p==0.0848
PAN-Surgery p==0.0249 p==0.0298 p==0.0298 p==0.0298

Diameter of implants (Posterior)
CBCT-Surgery p==0.0000 p==0.0000 p==0.0000 p==0.0000
PAN-Surgery p==0.0002 p==0.0001 p==0.0001 p==0.0001

*No statistically significant difference (p¤0.05), PAN: panoramic radiography

Table 3. Complications and bone graft augmentation relative to gold standard (GS)

CBCT Panoramic radiography GS

n (%) p* n (%) p n (%)

Complications
Fenestration 20 (5%) 0.005 3 (1%) 0.490 6 (2%)

0.003 0.763
Dehiscence 10 (3%) 0.816 8 (3%) 0.843 9 (2%)

0.816 0.480
Membrane perforation 63 (17%) 0.221 13 (4%) 0.000 51 (14%)

0.260 0.000
Wrong angulations 6 (2%) 0.014 1 (0.3%) 0.266 0 (0%)

0.014 0.053
Nerve injury 5 (1%) 0.025 14 (5%) 0.000 0 (0%)

0.045 0.000
All complications 104 (28%) 0.001 39 (13%) 0.090 66 (18%)

0.001 0.466
Bone graft augmentation

Yes 194 (53%) 0.711 80 (27%) 0.000 189 (52%)
0.711 0.000

* 1st line: observers 1 or 3, 2nd line: observers 2 or 4



gery (2%); however, CBCT planning had a significantly
higher percentage (5%) (p==0.00) than surgery. Observers
2 and 4 obtained similar results (p==0.00).

The four observers reported no differences in the predic-
tion of dehiscence on the modalities planning with respect
to the surgery. Only observers 2 and 4 found differences
between intraoral planning and surgery (p==0.04).

No subjects had an immediate or permanent postopera-
tive inferior alveolar nerve (IAN) paresthesia or anesthe-
sia.

CBCT bone graft augmentation planning was very sim-
ilar and did not differ statistically (p==0.71) from the gold
standard; 52% of the implants needed this procedure dur-
ing surgery, whereas in the case of CBCT planning, the
percentage was 53% (Table 3).

When measuring the degree of agreement among the
four observers, we found an overall agreement rate higher
than 0.9 (almost perfect agreement) in terms of the length,
diameter, complications, and the need for bone graft aug-
mentation. In all cases, the degree of agreement was sig-
nificant (p⁄0.01) (Table 4).

The ROC curve (Fig. 1) showed that CBCT had a greater
ability to detect true positives for planning complications
and the need for bone graft augmentation with the highest
sensitivity of 96.5% and an AUC of 0.94. This technique
was very similar to the surgical gold standard. A different
situation occurred with complications planned on PAN,
where this technique could not be recommended as a dia-
gnostic test due to the inclusion of 0.5 on the 95% confi-
dence interval (CI) (0.499-0.551) and an AUC of 0.52.
However, for bone graft augmentation, the 95% CI was
0.571-0.621 with an AUC of 0.6, which was inferior to that
found with CBCT (0.93) (95% CI: 0.931-0.957).

Discussion

Several authors have suggested that preoperative radio-
logical investigations can be very important for facilitating
an understanding of the anatomy.14,15 According to Apos-
tolakis and Brown,16 CBCT is necessary to accurately and
reliably depict the anterior loop, which was measured to
have a length of up to 5.7 mm. A safe distance of at least
6 mm from the anterior border of the mental foramen was
suggested. In most of the partially edentulous patients in-
cluded in our study, the implants were planned in the pos-
terior area; this can explain the lack of neurosensory distur-
bances in the area of the lower lip and the chin.

Furthermore, the path of the IAN was clearly seen with
CBCT, preventing the perforation of the IAN in five cases.
Two-dimensional (2D) imaging offers a good overview of
the maxillary-mandibular complex but cannot determine
the spatial position of the IAN. If careful depth control is
based on faulty information, perforation of the IAN can
lead to permanent paresthesia. In a recent study, Schropp
et al17 showed that the selected implant size differed con-
siderably when planned on panoramic or cross-sectional
tomography. On the basis of our results, we concluded that
care should be taken when using PAN-intraoral-based pre-
operative planning of implants with a predisposition to
select longer implants in a posterior position and therefore,
a more risky location. A previous study comparing implant
planning using panoramic versus CBCT images, found
similar results.18 Similarly, Renton et al19 found that most
of the cases of the permanent neuropathy of the IAN was
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Table 4. Inter-observer agreement on CBCT/panoramic radiogra-
phy (PAN) and surgical gold standard considering implants length,
diameter, complications, and need for bone graft augmentation

Length Diameter

Kappa p Kappa p

CBCT 0.989 0.000 0.989 0.000
PAN 0.981 0.000 0.986 0.000
Surgery 0.989 0.000 0.991 0.000
General 0.987 0.000 0.989 0.000

Complications
Bone graft 

augmentation

Kappa p Kappa p

CBCT 0.987 0.000 0.996 0.000
PAN 0.783 0.000 0.905 0.000
Surgery 1.000 0.000 0.996 0.000
General 0.916 0.000 0.965 0.000

Fig. 1. Receiver operating characteristic (ROC) analysis reveals an
excellent diagnostic accuracy of CBCT for the planning of com-
plications and the diagnosis of bone graft augmentation with an
area under the curve (AUC) of 0.94.
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associated with PAN preoperative imaging with the high-
est incidence of idiopathic trigeminal neuropathy observed
in patients who had received presurgical 2D radiographs
(90%), while with CBCT, only 10% of the cases presented
this condition.

From the findings of this study, there are several consi-
derations related to perioperative complications and bone
graft augmentation. The 3D data from CBCT scans can be
extremely revealing. Temmerman et al20 reported an intra-
osseous canal in the lateral sinus wall visible in 50% of
the analyzed CT images. A presurgical CT evaluation of
the course of this bony vessel and other anatomic important
structures is recommended when performing a maxillary
sinus augmentation procedure in order to prevent intense
bleeding during osteotomy.6,21 In our study, CBCT allowed
the visualization of an intraosseous artery and help localiz-
ing this structure during surgery (Fig. 2).

Perforation of the Schneiderian membrane is the main
intraoperative complication and occurs in 11%-56% of the
procedures according to a review of the literature.22 In this
study, only 14% of the membrane perforations were seen
during surgery. In addition, the angle of the buccolingual
maxillary sinus wall has been proposed as a factor to deter-
mine the likelihood of sinus perforation.23 They reported
that the narrower the angle between the medial and the
lateral walls was, the higher was the membrane perforation
rate. Sinuses with interwall angles of ⁄30�had a perfora-
tion rate of 37.5%, compared with 0% for those with angles
of ¤60�. 

The normal anatomy in the esthetic region presents chal-
lenges during implant placement because of the high risks

of buccal plate resorption, dehiscence, and fenestration,
which could jeopardize the esthetics and function of the
implants. Correct 3D positioning of implants is important
for a successful outcome, particularly in the aesthetic re-
gion where the buccal plate is very thin. Braut et al24 report-
ed that CBCT measurements of the facial bone wall for
teeth in the anterior maxilla were rarely greater than 1 mm,
only in approximately 10% of the teeth. Less bone was
presented in central incisors (4%-8%) and most in the first
premolars (more than 25%). For orofacial positioning, im-
plants should be placed 1.0-1.5 mm more to the palatal
aspect inside the alveolar housing; this allows increased
thickness of the facial bone wall for soft-tissue support.
Recently, Chang et al25 reported an incidence of fenestra-
tions of approximately 20% in implants placed in the cin-
gulum position with the axis following that of its restora-
tion. They concluded that fenestrations could be avoided
by a minor correction (⁄10�) of implant angulation. The
virtual planning on CBCT imaging revealed possible im-
plants perforating the facial plate of the bone. This helped
to prevent implant malpositions in 6% of the patients. In
our study, CBCT availability allowed a better visualization
of the bone defects.

Problems associated with 2D imaging modalities are
well documented in the literature and can include overlap-
ping of adjacent structures, poor spatial resolution, and
lack of bone width information. This can lead to compli-
cations of an inaccurate diagnosis of implant sites and
areas that require bone grafting, resulting in unfavorable
outcomes. In our study, this is clearly seen in the form of
the 95.2% sensitivity from bone grafting planning based
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Fig. 2. A. CBCT shows the posterior superior alveolar artery before creating a lateral window into the maxillary sinus. B. The artery is seen
during the sinus lift procedure located at 15 mm from the alveolar crest as diagnosed with CBCT.

A B



on CBCT examinations. In contrast, PAN and intraoral
imaging only allowed a sensitivity of 38.2% and 26.6% for
this issue, respectively. The assessment of the potential
dental implant diameters on anterior sites for the placement
of standard or narrow-diameter implants was planned more
accurately with CBCT. However, from the viewpoint of
the implant diameter on a posterior location, significant
differences were found for the three modalities when com-
pared with the surgical standard. This can be explained due
to the possibility of performing regenerative techniques on
the posterior area and a subsequent change during surgical
strategy.

The surgeon in the present study established the implant
placement on the basis of the complete patient file (CBCT
and PAN) findings, and the observers’ implant planning
was therefore based on the CBCT and PAN analysis. It is
not possible to speculate on the number of postoperative
complications that might have occurred if the treatment
had been performed according to the first treatment plan,
which was based on PAN, a method that is less dose- and
work-demanding than CBCT. These authors emphasized
that the need for CBCT in implant treatment planning is
still to be justified in randomized controlled trials. How-
ever, in our opinion, it is not ethically acceptable to con-
duct prospective clinical trials when one part of the study
could well be disadvantaged in terms of the treatment re-
ceived. Moreover, most of the interesting outcomes (“suc-
cess” of implant treatment) require years of follow-up. In
this context, we planned a “scenario-based” study with
implant surgeons to see whether CBCT alters treatment
plans. Another study design, wherein the surgeon chooses
his treatments only on the basis of clinical assessments,
would have been a meaningful comparison of the efficacy
of CBCT and conventional imaging. However, this is not
clinically and ethically possible.

When oral implants are planned in the atrophic posterior
maxilla, bone height is a diagnostic factor of primary im-
portance. Conventional radiography may not be able to
assess the true 3D anatomical presentation. CBCT obser-
ver-based planning gives more homogeneity of treatment
plans as compared to the surgical gold standard. Further,
complications were predicted better when the planning was
based on CBCT images. 
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