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ORIGINAL ARTICLE

Comparing cone beam computed tomography with panoramic radiography 
for prediction of implant planning and size.
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ABSTRACT… Objective: To compare the accuracy and effectiveness of CBCT and panoramic radiography for determining 
implant size and placement in patients requiring dental implants. Study Design: Cross-sectional study. Setting: Department of 
Operative Dentistry, Bakhtawar Amin Dental Hospital, Multan. Period: Jan 2025 to Oct 2025. Methods: Data were collected using 
a consecutive non-probability sampling technique, with a sample size of 97 edentulous sites from adult patients (18-55 years) 
who were candidates for dental implants. Both CBCT and panoramic radiography were used to measure implant length and width. 
Results: The results showed that CBCT provided more accurate measurements for both implant length (mean = 10.3 mm, SD = 1.4) 
and width (mean = 4.6 mm, SD = 0.6) compared to panoramic radiography (length: mean = 10.1 mm, SD = 1.5; width: mean = 4.5 
mm, SD = 0.7). The correlation coefficient for implant length between CBCT and panoramic radiography was 0.92 (p < 0.01), while 
for implant width, it was 0.84 (p < 0.01). CBCT also demonstrated a higher success rate in implant planning (91.8%) compared to 
panoramic radiography (78.4%). Conclusion: It is concluded that CBCT provides superior accuracy and precision in implant planning 
compared to panoramic radiography, particularly for implant length and width. CBCT should be considered the preferred imaging 
modality for complex implant planning, especially when high precision is required. 
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INTRODUCTION
Dental implants are prosthetic devices made from 
alloplastic material that’s implanted into the oral 
tissues and they are considered a superb alternative 
for the rehabilitation of teeth. The osseointegration 
of dental implants is a fundamental prerequisite and 
a dental implant is considered to be osseointegrated 
when “direct functional and structural connection 
between living bone and the surface of an implant 
under load” is reached.1 Before the 1980s, 
conventional radiographic techniques like intra-
oral, cephalometric and panoramic images were 
accepted as standard methods. It is observed that 
preoperative diagnosis and planning for implants 
based on two-dimensional (2D) imaging results in 
potential risk to vital structures.2 This 2D imaging 
does not give information for implant site width, stent 
for implant positioning and thus causing a greater 
risk of injury to adjacent anatomical structures such 
as floor of maxillary sinus or the inferior alveolar 
nerve.3

The recent introduction of cone-beam computed 
tomography (CBCT) in dentistry has opened up a new 
horizon in providing a comprehensive preoperative 
implant size assessment and sophisticated surgical 
guide in dental implantology. CBCT-3D (Cone Beam 
Computed Tomography) is an advanced radiographic 
imaging technology that is currently being developed 
and utilized in dentistry, with the advantages of 
accurately depicting three-dimensional (3D) tissue 
structures, minimal distortion, and low radiation 
doses.4 In the evaluation of hard tissues, CBCT is 
superior to conventional CT and panoramic scans 
due to the voxel size.5 The most common uses of 
CBCT include identifying the 3D anatomy, identifying 
potential risks of intrusion into vital structures 
including nerves and blood vessels, assessing bone 
qualityincluding facial & lingual cortical plates and 
assessing potential sites for implant.6 Thus, CBCT 
can be considered as an appropriate diagnostic tool 
for 3D preoperative planning. 
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Consecutive patients referred from the outpatient 
department for implant treatment were submitted to 
clinical examination, panoramic (PAN) radiography 
and a final CBCT exam.7 Previous studies suggest 
that the implant sizes estimated by CBCT images 
are narrower and shorter than those obtained from 
panoramic radiographs suggesting that CBCT 
exams lead to a safer decision.8 Many studies have 
confirmed superiority of CBCT over panoramic 
radiography for detecting anatomical structures and 
for planning the insertion of dental implants in the 
mandible and the maxilla and owing to its unique 
advantages, dental practitioners consider CBCT 
as an essential tool in performing the preoperative 
phase of implant surgery, identifying potential 
bone augmentations and in avoiding perioperative 
complications.9 The American Academy of Oral 
and Maxillofacial Radiology (AAOMR) recently 
recommended CBCT as the best option for implant 
planning and also for the prediction of implant 
size (length, width). Successful implant treatment 
depends on efficient planning and this should 
include information on height, width, morphology 
and density of the bone, as well as identification 
and location of anatomical landmarks in imaging 
exams. Implant diameter and bone quality are two 
major factors that influences the biomechanics of an 
implant supported prostheses.10 

A retrospective cross-sectional study was done 
by Ludmila et al.3, conducted a study on the 
impact of cone-beam computed tomography on 
implant planning and prediction of implant size at 
Department of Prevention and Oral Rehabilitation, 
Brazil. This study comprised of 95 implants in 27 
patients. Agreement in implant length between initial 
and final planning was 50.5%. Agreement in implant 
width between initial and final planning was 69.5%.11 
Maria et al.4, evaluated the retrospective cross-
sectional preoperative implant planning considering 
alveolar bone grafting needs and complication 
prediction using panoramic versus CBCT images, 
the specialist selected one hundred and five partially 
edentulous patients (77 males, 28 females, mean 
age: 46 years, range: 26-67 years) seeking oral 
implant rehabilitation were referred for pre-surgical 
imaging, imaging consisted of panoramic and CBCT 
imaging. Agreement between panoramic and CBCT 
on implant length was 92.1% (n=570) of cases. There 

was 88.5% (n=548) agreement between panoramic 
and CBCT for implant width. The rationale of the 
current research is to basically based on accurate 
implant planning requires precise measurement of 
bone dimensions. Panoramic radiographs, though 
commonly used, may lead to errors due to distortion 
and magnification. CBCT offers 3D imaging and 
more accurate assessment of implant length and 
width and resolve pre and post complications. This 
study aims to compare implant dimensions planned 
using panoramic images versus CBCT. The findings 
will help determine the reliability of each method in 
clinical implant planning

To determine the agreement between CBCT vs 
panoramic images for implant length and width in 
Out Patient Department in Bakhtawar Amin Dental 
Hospital.

METHODS
This Cross-sectional study was conducted at 
Department of Operative Dentistry, Bakhtawar Amin 
Dental Hospital, Multan during Jan-Oct 2025. Data 
were collected through Consecutive non-probability 
sampling technique.

Sample size was calculated using the findings of 
Ludmila et al., who reported initial and final implant 
planning. Sample size was calculated by using the 
WHO Sample size calculator. The confidence level of 
study was kept at 95%, margin of error was 10% to 
calculate the sample size. This gives the sample size 
of 97. The inclusion criteria for this study comprised 
adult patients, both male and female, aged between 
18 and 55 years, presenting with single or multiple 
edentulous spaces in the mandible or maxilla. 
Conversely, the exclusion criteria eliminated patients 
with conditions that could potentially compromise 
the outcomes, including confirmed pregnancy 
(verified by ultrasound), local bone diseases such 
as osteoporosis or osteomyelitis, and uncontrolled 
diabetes mellitus (blood glucose levels exceeding 
125 mg/dl). Additionally, individuals who smoked 
more than 10 cigarettes per day, those selected 
for bone grafting procedures, and patients on 
bisphosphonate therapy were also excluded from 
the study.

Ethical approval for the study was obtained from 
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the institutional ethical review board of Bakhtawar 
Amin Medical and Dental College, Multan (Ref. 
No. 419/22) prior to data collection. The study 
included 97 edentulous sites from patients visiting 
the Operative Dentistry Department of Bakhtawar 
Amin Dental Hospital, Multan. Demographic details 
(age, gender), implant location, panoramic scans, 
and CBCT images were collected. After obtaining 
informed consent from the participants (Attached 
Annexure A), CBCT images were acquired using a 
CBCT scanner (Carestream DENTAL 9600), with a 
field of view of 50 x 37 mm and voxel size of 75μm. 
The operating parameters for the scan were set 
to 120kVp and 6.3mA with a scanning time of 15 
seconds. Measurements for CBCT and panoramic 
images were evaluated using the Carestream Dental 
Imaging Software 3D Module v2.4 (Carestream 
Health, Inc). The obtained data, including the anterior 
and posterior edentulous areas, were recorded on a 
performa (attached).

Data were entered and analyzed using SPSS version 
27 for Windows. Descriptive statistics, including 
means and standard deviations, were calculated 
for age, implant length, and width as measured on 
CBCT and panoramic images. Frequencies and 
percentages were calculated for gender, implant 
location, and agreement between CBCT and 
panoramic images. Data were stratified according to 
age groups, gender, and implant location to assess 
their impact on the agreement between CBCT and 
panoramic imaging. Post-stratification chi-square 
tests were applied, with a significance level set at 
p<0.05.

RESULTS
Data were collected from 97 patients, with a mean 
age of 42.5 ± 4.56 years, and participants ranged 
from 18 to 55 years. The sample consisted of 45 
males (46.4%) and 52 females (53.6%). Implant 
locations were distributed across both arches, with 
45 sites (46.4%) in the mandibular arch and 52 sites 
(53.6%) in the maxillary arch, indicating a balanced 
representation of both gender and implant locations.

The mean implant length measured by CBCT was 
10.3 mm (SD = 1.4), while panoramic radiography 
yielded a mean length of 10.1 mm (SD = 1.5). For 
implant width, CBCT measured a mean of 4.6 mm 

(SD = 0.6), while panoramic radiography showed a 
mean of 4.5 mm (SD = 0.7).
TABLE-I

Demographic and baseline values of study participants

Demographic/ Baseline 
Characteristic Value

Mean Age 42.5±4.56 years

Age Range 18 - 55 years

Gender

Male 45 (46.4%)

Female 52 (53.6%)

Implant Location

Mandibular Arch 45 sites (46.4%)

Maxillary Arch 52 sites (53.6%)

TABLE-II

Implant measurement data (CBCT vs. Panoramic)

Type of 
Imaging

Implant 
Measurement Mean (mm)

Standard
Deviation 

(mm)

CBCT
Length 10.3 1.4

Width 4.6 0.6

Panoramic 
view

Length 10.1 1.5

Width 4.5 0.7

The correlation for implant length was very strong 
at 0.92 (p < 0.01), while for implant width, it was 
moderate at 0.84 (p < 0.01), indicating a statistically 
significant agreement between the two imaging 
modalities. When analyzed by gender, the agreement 
was higher in males (r = 0.91 for length, r = 0.80 for 
width) compared to females (r = 0.89 for length, r = 
0.78 for width). Regarding implant location, stronger 
agreement was observed in the mandibular arch (r 
= 0.94 for length, r = 0.87 for width) compared to 
the maxillary arch (r = 0.89 for length, r = 0.81 for 
width).

For implant length, the majority of measurements 
in both CBCT and panoramic radiography fell within 
the “Medium” category (10-12 mm), with 53 sites 
(54.6%) for CBCT and 48 sites (49.5%) for panoramic 
radiography. In the “Short” (<10 mm) category, 
CBCT recorded 28 sites (28.9%) compared to 31 
sites (32.0%) for panoramic radiography. For the 
“Long” (>12 mm) category, CBCT showed 16 
sites (16.5%) and panoramic radiography showed 
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18 sites (18.6%).For implant width, the majority of 
measurements were categorized as “Medium” (4-6 
mm), with 64 sites (66.0%) in CBCT and 59 sites 
(60.8%) in panoramic radiography. The “Narrow” 
(<4 mm) category accounted for 20 sites (20.6%) 
in CBCT and 22 sites (22.7%) in panoramic 
radiography. The “Wide” (>6 mm) category was the 
least common, with 13 sites (13.4%) in CBCT and 
16 sites (16.5%) in panoramic radiography.
TABLE-III

Agreement between CBCT and panoramic imaging

Implant 
Measurement

Correlation 
Coefficient (r) P-Value

Length 0.92 <0.01

Width 0.84 <0.01

Gender

Male 0.91 0.80

Female 0.89 0.78

Implant Location

Mandibular Arch 0.94 0.87

Maxillary Arch 0.89 0.81

TABLE-IV

Frequency of implant length and width categorization 
based on imaging modalities

Implant 
Measure-

ment
Category

CBCT 
Frequency 

(%)

Panoramic 
Frequency 

(%)

Length

Short (<10 mm) 28 (28.9%) 31 (32.0%)

Medium (10-12 mm) 53 (54.6%) 48 (49.5%)

Long (>12 mm) 16 (16.5%) 18 (18.6%)

Width

Narrow (<4 mm) 20 (20.6%) 22 (22.7%)

Medium (4-6 mm) 64 (66.0%) 59 (60.8%)

Wide (>6 mm) 13 (13.4%) 16 (16.5%)

CBCT demonstrated a higher overall success rate, 
with 89 sites (91.8%) achieving complete success, 
where the predicted implant size accurately matched 
the ideal implant dimensions. In contrast, panoramic 
radiography had a lower success rate, with 76 sites 
(78.4%) achieving complete success. For moderate 
success, where the implant size was close but not 
ideal, CBCT showed 6 sites (6.2%) while panoramic 
radiography had 16 sites (16.5%). Failure, where 
the implant size was incorrectly predicted, occurred 
in 2 sites (2.1%) for CBCT and 5 sites (5.2%) for 
panoramic radiography.

FIGURE-1

Implant Length Categories Comparison between CBCT and 
Panoramic Radiography

TABLE-V

Comparison of implant planning success rate using CBCT 
and panoramic imaging

Implant Planning 
Accuracy

CBCT Success 
Rate (%)

Panoramic 
Success Rate 

(%)

Complete Success 89 (91.8%) 76 (78.4%)

Moderate Success 6 (6.2%) 16 (16.5%)

Failure (Incorrect Size) 2 (2.1%) 5 (5.2%)

Total 97 (100%) 97 (100%)

FIGURE-2

Implant Planning Accuracy Comparison between CBCT 
and Panoramic Radiography

DISCUSSION
The present study aimed to compare the efficacy 
of Cone Beam Computed Tomography (CBCT) and 
panoramic radiography in implant planning, with 
a focus on predicting implant size and placement 
accuracy. The results demonstrated that CBCT 
significantly outperforms panoramic radiography, 
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offering higher precision in determining both implant 
length and width. This aligns with findings from 
previous studies that have shown CBCT to be 
superior in providing three-dimensional imaging, 
which is essential for accurate implant placement. 
The results of the implant measurements, including 
mean lengths and widths, revealed that CBCT 
provided more accurate dimensions compared 
to panoramic radiography. For implant length, 
CBCT showed a mean of 10.3 mm (SD = 1.4), 
while panoramic radiography showed a mean of 
10.1 mm (SD = 1.5).12 Although the differences 
between the two imaging modalities were minimal, 
the agreement between the measurements was 
stronger for CBCT, with a correlation coefficient 
of 0.92 (p < 0.01). This high degree of agreement 
emphasizes CBCT’s ability to offer a more detailed 
and precise assessment of implant size, particularly 
when compared to panoramic radiography, which 
often suffers from distortions and superimposition 
of anatomical structures.13

The moderate agreement in implant width 
measurements between CBCT (r = 0.84) and 
panoramic radiography further suggests that while 
panoramic radiography can offer valuable preliminary 
information, CBCT provides a more reliable 
assessment, especially in cases where implant 
width is critical for achieving proper osseointegration 
and avoiding damage to adjacent structures. The 
data supports the growing use of CBCT in dental 
practices, particularly for complex cases that 
require a higher degree of precision. Stratification 
by gender and implant location revealed subtle 
variations in the agreement between the two imaging 
modalities.14 While both male and female groups 
showed high levels of agreement for implant length, 
males had slightly higher correlation coefficients 
for both length (r = 0.91) and width (r = 0.80). 
This may be attributed to anatomical differences 
in bone structure, which could affect the accuracy 
of panoramic radiography. Additionally, implant 
location played a role in the agreement between 
CBCT and panoramic radiography. A comparable 
analysis of vertical bone height measurements 
demonstrated a strong correlation between CBCT 
and panoramic radiography (r = 0.87), reinforcing 
the diagnostic value of panoramic imaging in initial 
treatment planning. However, CBCT showed 

superior accuracy in detecting anatomical variations 
such as sinus floor contours and alveolar crest 
resorption, which are critical for precise implant 
placement and grafting procedures. This advantage 
becomes particularly relevant in posterior maxillary 
regions, where overlapping anatomical structures 
can obscure details in panoramic images. Stratified 
analysis by jaw region revealed that correlation 
coefficients were higher in the mandible (r = 0.89) 
than in the maxilla (r = 0.82), possibly due to the 
greater density and less anatomical complexity 
of mandibular bone. These findings support the 
complementary use of CBCT, especially in cases 
involving compromised or variable bone morphology, 
and underscore its growing importance in advanced 
implant diagnostics. The mandibular arch showed 
stronger agreement for both length (r = 0.94) and 
width (r = 0.87) compared to the maxillary arch. The 
maxilla’s complex anatomy, including the presence 
of sinus cavities and the less predictable bone 
density, may contribute to the lower accuracy of 
panoramic radiographs.15 The study also examined 
the success rate of implant planning based on the 
accuracy of predicted implant sizes. 

A significant difference was observed between 
CBCT and panoramic radiography, with CBCT 
achieving a higher success rate of 91.8%, compared 
to 78.4% for panoramic radiography. These findings 
highlight the critical importance of accurate imaging 
in the success of implant procedures.16 In the CBCT 
group, the majority of cases (89%) resulted in 
complete success, where the predicted implant size 
matched the ideal implant dimensions. In contrast, 
panoramic radiography had a higher incidence of 
moderate success (16.5%) and failure (5.2%), 
suggesting that panoramic radiographs are more 
prone to errors in implant size estimation. The 
superior accuracy of CBCT in predicting implant size 
and placement has significant clinical implications. 
CBCT allows for comprehensive 3D visualization of 
the bone structure, including bone density, volume, 
and proximity to vital anatomical structures such 
as nerves and blood vessels.17 This enhances the 
clinician’s ability to make more informed decisions, 
reducing the risk of complications during implant 
surgery. 

Although panoramic radiography remains a useful 
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tool for initial screening and evaluation, CBCT 
provides a more reliable and detailed assessment, 
particularly in complex cases or when precise 
measurements are critical for the success of the 
implant.18 Despite the advantages of CBCT, it is 
important to acknowledge its limitations. CBCT is 
associated with higher radiation doses compared to 
conventional panoramic radiography, although the 
dose is still relatively low compared to medical CT 
scans.19 Additionally, CBCT requires more advanced 
equipment and technical expertise, which may not be 
available in all clinical settings. Future studies should 
aim to explore the cost-effectiveness of CBCT in 
different clinical scenarios and investigate the long-
term outcomes of implant success by using small 
voxel size imaging techniques, modern algorithms 
and interactive reconstruction techniques.

CONCLUSION
It is concluded that Cone Beam Computed 
Tomography (CBCT) significantly outperforms 
panoramic radiography in terms of accuracy 
and precision for implant planning. The study 
demonstrated a strong agreement between CBCT 
and panoramic radiography for implant length 
measurements, with CBCT providing more reliable 
results overall. While panoramic radiography 
remains a useful tool for initial screening, CBCT 
offers superior 3D imaging that is critical for detailed 
implant placement, particularly in complex cases. 
The higher success rate in implant planning using 
CBCT further supports its role as the preferred 
imaging modality for dental implant procedures.
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