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 ABSTRACT 

Statement of the Problem: Accurate measurement of the available bone height is an 

essential step in the pre-surgical phase of dental implantation. Panoramic radiography is 

a unique technique in the pre-surgical phase of dental implantations because of its low 

cost, relatively low-dose, and availability.  

Purpose: This article aimed to assess the reliability of dental panoramic radiographs in 

the accurate measurement of the vertical bone height with respect to the horizontal 

location of the alveolar crest. 

Materials and Method: 132 cone-beam computed tomography (CBCT) of the edentu-

lous mandibular molar area and dental panoramic radiograph of 508 patients were se-

lected. Exclusion criteria were bone abnormalities and detectable ideal information on 

each modality. The alveolar ridge morphology was categorized into 7 types according 

to the relative horizontal location of the alveolar crest to the mandibular canal based on 

CBCT findings. The available bone height (ABH) was defined as the distance between 

the upper border of the mandibular canal and alveolar crest. One oral radiologist and 

one oral surgeon measured the available bone height twice on each modality with a 7-

dayinterval. 

Results: We found a significant correlation between dental panoramic radiographs and 

cone-beam computed tomography values (ICC=0.992, p< 0.001). A positive correlation 

between the horizontal distance of the alveolar crest to the mandibular canal and meas-

ured differences between two radiographic modalities had been found (r=0.755, p< 

0.001). For each single unit of increase in the horizontal distance of the alveolar crest to 

the mandibular canal, dental panoramic radiographs showed 0.87 unit of overestimation 

(p< 0.001). 

Conclusion: Dental panoramic radiographs can be employed safely in the pre-surgical 

phase of dental implantation in posterior alveolus of mandible, especially in routine and 

simple cases. 
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Introduction 

Replacing missing teeth has always been an important  

issue in dentistry. There are different choices to achieve 

this goal such as removable partial denture, fixed partial  
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denture, and dental implants. [1] Among them, dental 

implants have the highest long-term success rate report-

ed to be up to 96.4%. [2-4] This high success rate con-

tributes to improvements in the surface and design of 

dental implants, [5] different surgical approaches, [4, 6] 

and also advancements in radiologic techniques. [7-10] 

Accurate measurement of the alveolar bone height and 

thickness, and a safe margin from anatomic structures 

such as maxillary sinus, mental foramen, and inferior 

alveolar nerve canal are important factors in pre-surgical 

planning phase of dental implant placing. [11] 

There are different methods of radiographic imag-

ing to assess the candidate area of implant inserting 

including peri-apical, [12] dental panoramic radiog-

raphy (DPR), [12-16] lateral cephalometry, [17] con-

ventional tomography, [8, 12] computed tomography 

(CT), [8, 12, 18] and cone-beam computed tomography 

(CBCT). [5, 8, 19] Although the advanced imaging 

techniques (CT and CBCT) have many advantages such 

as cross-sectional information and multi-dimensional 

views, [20] DPR keeps its values in pre-surgical plan-

ning phase of dental implantation. [8, 20-24] 

DPR displays the whole body of the mandible, 

most parts of the maxilla, and their internal structures 

such as mandibular canal and maxillary sinus on a sin-

gle projection. [25] The length and the mesiodistal an-

gulation of a dental implant are usually determined in 

DPR even though it has some limitations such as ghost 

image of the vertebra in the anterior part, positioning 

errors and magnification. [26] Moreover, DPR is easily 

available and is relatively inexpensive. Regarding its 

advantages, DPR is considered as the most common 

single radiographic examination used in dental implant 

treatment planning. [14] 

The comparison of DPR with other non-

tomographic techniques started in 2006 by Wakoh and 

colleagues who assessed the reliability of DPR and 

standardized peri-apical radiographs. [27] Their study 

suggested that standardized peri-apical radiographs 

were more accurate than DPR in linear distance meas-

urement for dental implantation. Furthermore, a com-

parison between DPR and lateral cephalometry was 

done in 2007 by Beltrão and colleagues, [17] who con-

cluded that lateral cephalographs could be a useful 

guide for maxillary dental implant-based reconstruction. 

[17] Later, CBCT as a technique of choice for precise 

measurements, even on normal structures and jaw pa-

thoses, was used in the field of dental implantation. [28-

31]While some studies introduced DPR as a reliable 

technique for measurements of available bone height for 

dental implantation, [5, 8, 20-21, 32-33] others claimed 

that DPR could not provide reliable information and 

might lead to the failure of treatment. [5, 19, 22-23, 34-

36] Therefore, we aimed to determine the reliability of 

DPR as a two-dimensional imaging method in measur-

ing the precise vertical bone height by evaluating the 

horizontal location of the alveolar crest. 

 

Materials and Method 

Data acquisition 

From the CBCT and DPR images of 508 (246 men, 262 

women) candidates for dental implants in a private Oral 

and Maxillofacial Radiology Clinic in Shiraz, Southern 

Iran, from Feb. 2013 to Feb. 2014, 144 images of eden-

tulous mandibular molar areas were recruited retrospec-

tively. 

The exclusion criteria comprised both patient and 

image related factors. The patient related factors in-

volved any pathosis in the area of measurement, recent 

extraction sockets retained root, mental foramen on the 

level of the alveolar crest, history of confirmed osteopo-

rosis, and any other uncontrolled systemic diseases. In 

the image related category, all images with undetectable 

superior cortex of the mandibular canal or indistinct 

crestal cortex of the alveolar process in DPR or those 

lacking the ideal quality in the CBCT were excluded. 

DPRs in this study were taken with respect to the opti-

mum situations, which were provided by the manufac-

turer. One machine for DPR (Planmeca cc-proline, Fin-

land) and one CBCT machine (NewTom VGi) were 

used. A standardized protocol of the NewTom for the 

extended (12*15 cm) field of view with 0.3mm slice 

thickness and 26.9 seconds acquisition time was used. 

All DPRs were taken using Konica CR receptor image 

plate (12×10 inch) and were displayed on the Fuji Com-

puted Radiography system (Fuji Computed Radiog-

raphy 5000R, Fuji Photo Film Co. Ltd., Dusseldorf, 

Germany). 

Alveolar bone shape classification 

The alveolar ridge morphology was categorized into 

seven types according to the relative horizontal location 

of the peak of the alveolar crest to the mandibular canal 
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Figure 1: Sevent types of location of the peak point of the alveolar crest according to the mandibular canal. B and L, peak point of the 

alvoalr crest; P: Vertical line passing through the center of the mandibular canal and perpendicular ;eedcular to the lower border of earch 

imaging. Type N: X=0 Type B1: -2mm≤X≤0 Type B2: -4mm≤ X≤-2mm  Type B3: X< -4mm 

Type L1: 0 <X≤+2mm  Type L2: +2mm<X≤+4mm  Type L3: X>+4mm 

 

on reformatted cross-sectional CBCT images (Figure 1). 

Type N: the peak point of the alveolar crest was 

positioned in the center compared with the vertical line 

passing through the center of the mandibular canal and 

perpendicular to the lower border of each image. 

Type B1: the peak point of the alveolar crest was 

positioned in the buccal side and the distance from the 

vertical line was less than 2mm. 

Type B2: the peak point of the alveolar crest was 

positioned in the buccal side and the distance from the 

vertical line was greater than 2mm and less than 4mm. 

Type B3: the peak point of the alveolar crest was 

positioned in the buccal side and the distance from the 

vertical line was greater than 4mm. 

Type L1: the peak point of the alveolar crest was 

positioned in the lingual side and the distance from the 

vertical line was less than 2mm. 

Type L2: the peak point of the alveolar crest was  

positioned in the lingual side and the distance from the 

vertical line was greater than 2mm and less than 4mm. 

Type L3: the peak point of the alveolar crest was 

positioned in the lingual side and the distance from the 

vertical line was greater than 4mm. 

Measurement 

In order to match the sections in each modality, the 

cross-sections in CBCT were obtained perpendicular to 

the true horizontal plan and the DPR sections were ob-

tained perpendicular to the lower border of each image 

which was parallel to the true horizontal plan in stand-

ard situations. The mesio-distal location of the first can-

didate site was defined to have 5mm distance from the 

nearest natural tooth or dental implant at the level of the 

alveolar crest and for the next sites, another 5mm was 

added to the previous distance (Figure 2). 

The available bone height in CBCT views was de-

fined as the distance between the line tangential to the  
 

 
 

Figure 2: a: A DPR of a patient. b: Cropped image of Figure 2a, showing the producer of measuring the mesiodistal location of dental 

implant insertion site. C: alveolar crest; S: Superior border of mandibular canal; I: Inferior border of mandibular canal; LA: Long axis of 

the nearest tooth (or implant); R: Outer surface of the root of the nearest tooth (or implant) 
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upper border of the mandibular canal and the line tan-

gential to the peak of the alveolar crest, which were both 

parallel to the lower border of reformatted cross-

sectional CBCT images (Figure 3). 
 

 
 

Figure 3: The ABH in CBCT was defined as the distance 

bertween the line tangential to the upper border of the 

mandibular canal and the line tangential to the peak of the 

alvoelar crest, which were both parallel to the lower border of 

the image 

 

The available bone height in DPR was measured 

as follows: a line was depicted from the most superior 

point of the alveolar crest perpendicular to the lower 

border of image. Then the distance between the alveolar 

crest and the superior border of the mandibular canal 

was measured (Figure 4). 

The linear measurements and the angular meas-

urements were performed using the CBCT software (M-

view TM PS [Infinitt, Seoul, republic of Korea]). The 

available bone height was measured twice on both im-

aging modalities with an interval of seven days and the 

differences were compared according to their types. 

 

Statistical analysis 

Data were analyzed using SPSS software, version 17.0 

(SPSS, Chicago, IL). Intra-class correlation coefficient 

(ICC) was used to evaluate the agreement between val-

ues measured in DPR and CBCT. Pearson’s correla-

tion(r) and linear regression were used to assess the 

relationship between the vertical available bone height 

measurements difference (∆) of the two methods (DPR 

and CBCT) and the horizontal distance of the alveolar 

crest to the center of mandibular canal. 

 

Results 

All 508 CBCT and DPR images were assessed in this 

study, consisting of 109 cases for type L3, 92 cases for 

type L2, 83 cases for type L1, 13 cases for type N, 67 

cases for type B1, 84 cases for type B2, and 60 cases for 

type B3 (Figure 5). 

Of the selected 144 cases, 12 cases were excluded 

because of having recent extraction sockets or being a 

known case of osteoporosis. The other 132 cases were 

recruited in the study (response rate=91.6%). Of these 

132 cases, the type L3 had the most frequent with 43 

cases (32.57%) followed by type L2 (n=28, 21.21%), 

and type N (n=2, 1.51%) was the rarest and least fre-

quent (Table 1). 
 

Table 1: Descriptive characteristics of the studied cases 

(n=132) 

 

Alveolar bone shape classification Frequency (%) 

L3 43(32.57) 

L2 28(21.21) 

L1 13(9.84) 

N 2(1.51) 

B1 13(9.84) 

B2 19(14.40) 

B3 14(10.6) 

Total 132(100) 

  

 
Figure 4a: A DPR of patient. b: Cropped image of Figure 4a, showing the producer of measure ABH in PDRs. C: Alveolar crest; S: 

Superior border of mandibular canal; I: inferior border of mandibular canal and ABH: The distance between C and S on the line which is 

perpendicular to the lower border of main image 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3520367/figure/dmf-41-117-g001/
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Figure 5: Descriptive characteristics of the studied cases 

(N=132) 

 

Intra-class correlation coefficient showed a signif-

icant correlation between DPR and CBCT values 

(ICC=0.992, p< 0.001). By dividing the cases into three 

major categories (buccal, lingual, and neutral) the intra-

class correlation coefficient again demonstrated a strong 

correlation between DPR and CBCT values (in buccal 

types: ICC=0.998, p< 0.001; and in lingual types: ICC= 

0.993, p< 0.001, Table 2). 

 
Table 2: The correlation between values of DPR and CBCT 

(N=132) 
 

 Frequency intra-class correlation p Value 

Buccal types 46 0.998 <0.001 

Lingual types 84 0.993 <0.001 

Neutral types 2   

Total 132 0.992 <0.001 

 

There was a positive correlation between the hori-

zontal distance of the alveolar crest to the center of 

mandibular canal and ∆ (r= 0.755, p< 0.001). Regres-

sion analysis showed that for each single-unit increase 

in the horizontal distance of the alveolar crest to the 

center of mandibular canal, the DPR values were 0.87 

unit more than CBCT ones (p< 0.001, Table 3). 

 
Table 3: The relationship between horizontal distance and 

the amount of ∆ 
 

r  β SE p Value 

0.755 0.87 .008 <0.001 
 

∆: (value of DPR -value of CBCT); SE: standard error 

 

The mean (median) error of DPR in detecting the 

ABH for edentulous ridges in posterior of mandible was 

0.21
mm

±0.42
mm

 (0.20
mm

). 

 

Discussion 

In the present study, we assessed the reliability of DPR  

in measuring the available bone height in comparison 

with CBCT. Meanwhile, the effect of horizontal loca-

tion of the alveolar crest related to the center of man-

dibular canal on this vertical height had been appraised. 

Our findings showed there was a strong and linear rela-

tionship between the values measured on each modality. 

The mean error of DPR in detecting the available bone 

height for edentulous ridges in posterior of mandible 

was 0.21mm±0.42mm, which did not make a serious 

confusion in pre-surgical planning of dental implant 

therapy, especially in routine cases. 

This mean error in DPR (0.21mm±0.42mm) had a 

regular distribution in a way that the values on DPR 

were smaller than the real values on CBCT when the 

alveolar crest was located buccally compared with the 

mandibular canal. Moreover, these values get closer to 

the real as the alveolar crest displays lingually (N types) 

and finally, when the alveolar crest was located more 

than 4mm lingual to the mandibular canal, the values on 

DPR were more than true ABH. An important issue is 

the image production method in DPR machines in 

which the X-ray beam has a negative degree of projec-

tion (-4 to -7
degrees

) to eliminate the image of the skull 

base in the radiographs. It means that the DPR plane is 

not exactly coinciding with the true vertical plane. This 

minor difference in vertical planes results in wider and 

upper-located images of the objects in the lingual aspect 

of the image layer. It could be the reason for overesti-

mation in lingual types. 

Moreover, of 132 enrolled cases, only two showed 

the alveolar crest exactly on the top of the mandibular 

canal. So that the alveolar crest was displaced buccally 

or lingually after tooth extraction quiet frequently. This 

displacement was more likely towards the lingual side 

in the posterior segment of the mandible, which is com-

patible with clinical observations. 

Contrasting results with other studies could be at-

tributed to the sample size and/or the inclusion and ex-

clusion criteria. In our study, from 508 available CBCT 

and DPR images, we selected only 144cases based on 

our image related exclusion factors. In the next step, 12 

cases of this new sample population were excluded due 

to patient-related factors. Although these strict inclusion 

and exclusion criteria decreased the number of available 

cases, the remaining cases were acceptable for the cur-

rent investigation since they were large enough to be 
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statistically meaningful. In 1994, a comparison between 

diagnostic value of DPR and CBCT was performed by 

Reedy and colleagues. [37] They concluded that the 

values of DPR were significantly underestimated. How-

ever, in our study we found that DPR had some degree 

of overestimation especially when the alveolar crest was 

placed more than 4mm lingual to the mandibular canal. 

The difference between our study and the mentioned 

one might be due to different sample sizes. In the men-

tioned study, only one human mandible was used with 

ten sites for measurements while in our study 132 cases 

had been assessed. This large number of samples could 

neutralize the effect of inter-case differences. Therefore, 

the results of our study seemed to be more reliable in 

terms of sample size and consequently it could have 

application that is more clinical. 

The impact of observation error in radiologic stud-

ies could not be ignored. The expertise and number of 

observers, the agreement between them, and the fre-

quency and interval of measurement by each observer 

are all important factors in reducing the error of human 

involved measurements. Bennemann and colleagues 

[19] observed that three groups of people involved in 

dentistry (oral surgeons, orthodontists and dental stu-

dent) did not have any dissension in measuring the 

mini-screw position between the DPR and CBCT imag-

es. Although in our study the results showed an ac-

ceptable precision of DPR compared with CBCT, the 

difference between the values of DPR and CBCT were 

small. The main difference between our study and the 

mentioned study (in spite of other possible facts such as 

different study population, and so on) was most proba-

bly the difference in observers. The dental students used 

in the mentioned study do not seem to be expert enough 

for detecting the precise location of dental implants 

concerning their inadequate clinical experience. Fur-

thermore, single measurement of each modality without 

any repeat could lead to errors. In our study, two expert 

professors in dental implantology team (one oral radiol-

ogist and one oral surgeon) measured each modality 

twice with 7-day intervals. This method could reduce 

the inter-examiner error and the 7-day interval could 

decrease or eliminate the effect of recall bias in meas-

urements. Regarding these attempts, the values yielded 

by our study might be considered more accurate. 

The area surveyed could be another important fac- 

tor in proposing a strict guideline in such investigations. 

Hu and colleagues [5] assessed the reliability of both 

DPR and CBCT modalities in human cadavers. They 

concluded that DPR was a safe technique for measure-

ments in mandible, but CBCT was recommended for 

maxillary dental implants especially in bucco-lingual 

measurements. These data were similar to our results, 

which show that although the DPR values had a mean 

error (0.21 
mm

±0.42
mm

); they could be used safely for 

pre-surgical phase of dental implant therapy in posterior 

segments of the mandible. Since in our investigation we 

had no measurement on the maxillary bone, we could 

not confirm or reject these results, and it seems that 

more investigations on maxillary measurements are 

necessary. 

The method of categorizing the edentulous ridges 

is also an important issue. In an almost similar study to 

ours, Lee and colleagues [18] investigated the effects of 

the location of alveolar crest on the vertical bone height 

in DPR. They categorized the horizontal distance to four 

types including three lingual types and one type for both 

buccal and neutral positions. They concluded that the 

horizontal location of alveolar crest influenced the verti-

cal bone height on DPR. The vertical bone height was 

overestimated especially when the buccal cortex of bone 

had been resorbed. In our study, we defined seven types 

for the horizontal location of the alveolar crest related to 

the mandibular canal in order to differentiate between 

buccal and lingual types more efficiently. Our results 

related to the lingual part were same as the mentioned 

study. We found that for every one millimeter of trans-

forming of alveolar crest to lingual side, the values of 

DPR showed 0.87
mm

 over-estimation. Nevertheless, the 

other part of our study, which was not included in any 

other similar study, showed that the available bone 

height in DPR was underestimated in buccal types. 

Therefore, we could realize that in the areas showing 

under-estimation potential of DPR for measurement of 

available bone height in posterior parts of mandible, the 

crestal cortex would be located buccally. Therefore, our 

categorization might be more accurate. 

This study was limited to measurements in poste-

rior segment of the mandible. Assessment on the maxil-

lary bone, especially in the posterior segment is recom-

mended for the future studies. Also further studies in 

premolar area of mandible, concerning its proximity to  
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the mental foramen, are recommended. 

 

Conclusion 

DPR can be used safely in the pre-surgical phase of 

dental implantation in the posterior mandible especially 

in routine and simple cases when CBCT is not availa-

ble. Considering the overestimation of DPR, when the 

alveolar crest is located more than 4mm lingual to the 

mandibular canal, this study suggests using CBCT in 

situations with severe alveolar resorption. 
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