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Abstract 

Introduction: The measurement precision of jaw is important for surgery or installing implants. 

Preimplant radiographs are important part of clinical evaluations before implant surgery. For 

choosing location, we should consider the important anatomical structures like mental foramen, 

inferior alveolar canal, nasal cavity and maxillary sinus.It is important to know the measurement 

accuracy of radiographic techniques. The purpose of this study was to compare mandibular 

vertical linear measurement in panoramic and tomography images.  

Methods: Three forms of mandible from dry adult human skulls were used in this study (triangle, 

square and ellipse). For each mandible, surgical stent was made using transparent with gold 

standard.acryl. A thin tube was placed in the stents in three regions (incisors, premolars and 

molars) to set gutta-percha. Then, the panoramic view and conventional tomography were 

obtained. Four oral and maxillofacial radiologists measured the vertical dimension in panoramic 

and conventional tomography. Finally, each mandible was sectioned in the marked sections and 

was measured by a digital caliper (gold standard) and compared with conventional tomography 

and panoramic view .The obtained data was analyzed using SPSS18 software and student t-test, 

Pearson correlation coefficient and non parametric Mann-Whitney Test. 

Results: The mean difference between the panoramic and gold standard linear vertical dimension 

values in premolar and molar regions was above 1mm and above 2mm in incisor region. The mean 

difference between conventional tomography and gold standard measurements in all three regions 

was 1mm. 

Conclusions: The linear measurement of vertical dimension in conventional tomography was 

more precise than panoramic. The use of a 2.0 mm safety margin in the evaluation of implant sites 

was recommended.In incisor area, the other radiography methods like CBCT was suggested. 
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 دقت اندازه گيری خطی عمودی منديبل در تصاوير پانوراميک و توموگرافی

 چکيده

دقت اًذازُ گيري فل تراي جراحي يا ًصة ايوپلٌت ّا حائس اّويت هي تاضذ. راديَگرافي ّاي قثل از ايوپلٌت  :مقدمه

هحل تايذ ساختارّاي آًاتَهي  تخص هْوي از ارزياتي ّاي تاليٌي قثل از جراحي ايوپلٌت تِ حساب هي آيٌذ. تراي اًتخاب

حفرُ تيٌي ٍ سيٌَس هاگسيلا را در ًظر تگيرين. ضٌاخت دقت ٍ اًذازُ گيري  هْن هثل سَراخ هٌتال، ماًال آلَئَلار تحتاًي،

ّذف ايي تحقيق، هقايسِ اًذازُ گيري خطي عوَدي هٌذيثَلار در تصاٍير  تنٌيل ّاي راديَگرافي داراي اّويت است.

 هَگرافي هي تاضذ.پاًَراهيل ٍ تَ

 )هثلثي، سِ فرم هٌذيثل از جوجوِ خطل ضذُ فرد تسرگسال در ايي تحقيق هَرد استفادُ قرار گرفتٌذ مواد و روش ها:

استٌت جراحي تا استفادُ از آمريل ضفاف استاًذارد طلايي ساختِ ضذ. يل لَلِ ًازك در  هرتع ٍ تيضي(. تراي ّر هٌذيثل،

سپس ًواي پاًَراهيل ٍ  پريوَلار ٍ هَلار( تاگاتا پرما را تٌظين مٌين. )ايٌسيسٍر، دادُ ضذاستٌت ّا در سِ ًاحيِ قرار 

چْار راديَلَشيست دّاى ٍ هاگسيلَفيطال تعذ عوَدي در تَهَگرافي پاًَراهيل ٍ هعوَلي را  تَهَگرافي هعوَلي تذست آهذ.

ضذ ٍ تِ ٍسيلِ يل اًذازُ گيري ديجيتال اًذازُ گرفتٌذ. در پاياى ّرهٌذيثل در تخص ّاي هطخص ضذُ ترش دادُ 

اي حاصل تا استفادُ از دادُ ّ اًذازُ گيري ضذ ٍ تا تَهَگرافي هعوَلي ٍ ًواي پاًَراهيل هقايسِ ضذ. )استاًذارد طلايي(

ٍيتٌي غيرپاراهتريل تجسيِ ٍتحليل -تست ٍ ضرية ّوثستگي پيرسَى ٍ آزهَى هي  tٍ 81ًسخِ   SPSS ًرم افسار

  .ضذًذ

هياًگيي اختلافات تيي هياًگيي هقادير تعذ پاًَراهيل ٍ تعذ عوَدي خطي استاًذارد طلايي در ًَاحي ًتايج   :ه هايافت

تَدُ است. هياًگيي اختلافات تيي اًذازُ  mm2 تَدُ است ٍ در ًاحيِ ايٌسيسٍر تالاي mm8پريوَلار ٍ هَلار تالاي 

 تَدُ است. mm8 ر سِ ًاحيِاستاًذارد طلايي در ّ گيري ّاي تَهَگرافي هعوَلي ٍ

يل لثِ ايوٌي ر از پاًَراهيل تَد. استفادُ از اًذازُ گيري خطي تعذ عوَدي در تَهَگرافي هعوَلي دقيق ت نتيجه گيری:

mm 2 ،ضيَُ ّاي ديگر راديَگرافي هثل  در ارزياتي جايگاُ ّاي ايوپلٌت تَصيِ هي ضَد. در ًاحيِ ايٌسيسٍرCBCT 

 پيطٌْاد هي ضَد.

 تَهَگرافي هعوَلي پاًَراهيل، راديَگرافي، ايوثلٌت، :ن کليدیواژگا
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Introduction 

In the past decades, x-rays have been widely used 

in
 
dentistry (1). Preimplant radiographs are important 

part of clinical evaluations before implant surgery (2-

6)
. 

For choosing location, we should consider the 

important anatomic structures like mental foramen, 

inferior alveolar canal, nasal cavity and maxillary sinus 

(7).  

Radiologists help clinicians to observe the alveolar 

ridge and its adjacent structures in three orientations 

and guide the clinicians to select the correct location, 

number, size and axial orientation for implant. Some 

radiographic techniques like panoramic, conventional 

tomography and cone beam computed tomography can 

be used for the assessment of anatomical structures. 

Some studies compared these techniques
 

and other 

studies compared various panoramic machines to 

measure mandibular bone height, cortical thickness, 

and the position of the mandibular canal for pre-

implant assessment (8).  

In this study, the panoramic and conventional 

tomography views were used for linear measurement 

of mandibular vertical dimension. Considering 

panoramic views, we have found that magnification 

was different in various regions. Nowadays, some 

factories produce this machine claiming that the 

magnification in panoramic is the same in the different 

regions of mandible. The aim of this study was to 

assess the accuracy of mandibular vertical linear 

measurement in the panoramic and tomography 

images. 

 

 

Methods 

Three dry mandibles (triangle, square and ellipse) 

were used in this study. Acrylic stent was made for 

each mandible. A thin and transparent plastic tube 

(thinner than 0.3 mm) was placed on acryl in order to 

set gutta-percha as a marker in molar region. The 

mandibles were placed on a pvc plate and laid in the 

panoramic machine in normal situation (so the laser 

beam middle line was placed in midline and frankfort 

line was parallel to the floor and y line crosses the 

maxillary canine).  

Panoramic views were obtained with cranex tome 

machine (soredex, helsinki, finland), standard program 

(001), 60 kvp voltage, 4ma and 15 seconds and with 

kodak (ny,rochester). Transparent papers were put in 

each radiograph on a view box in a semi dark room. 

In anterior region, a line from the middle point of 

labial and lingual ridge crest distance to inferior border 

of mandible was drawn and the length of line was 

measured. In premolar region, a vertical line from the 

middle point of labial and lingual ridge crest distance 

to the tangent line of roof of mental foramen was 

measured.  

In pre molar region, a vertical line from the middle 

point of labial and lingual ridge crest distance to the 

roof of infra alveolar canal in the marked region with 

gutta percha was measured. The real values were 

obtained by sawing the dry skull mandibles with 

laboratory curved saw(jm, japan), measured by 

caliper(ocean,japan) with precision of 0.02mm, and the 

values obtained from radiographies were compared.  

Measurement method for tomography images: 

The tip of alveolar crest in buccal and lingual was 

connected to each other. In molar region, a vertical line 

from the roof of infra alveolar canal was drawn to it 

and measured. In premolar region, a vertical line was 

also drawn from the roof of mental foramen to crest 

alveolar. In incisor region from the inferior border of 

mandible, a vertical line to the mentioned line (buccal 

and lingual alveolar crest tip connection line) was 

measured by a graduated ruler.  

Finally, the mandible from dry adult human skulls 

was sectioned using a jm laboratory curved saw with 

0.5mm thickness. The section regions in incisors, 

premolars and molars with the above explanation were 

measured with precision 0.02 and by 1.50 ocean digital 

cuils made in Japan and recorded in table1. 

We considered this real measurement as a gold 

standard and compared it with panoramic and 

tomography measurements. The obtained data were 

analyzed using SPSS 18 software and student t-test, 

Pearson correlation coefficient and nonparametric 

Mann-Whitney Test.  

 

 

Results 

The average height of mandibular regions in 

panoramic and tomography radiography was compared 

with gold standard measurement (table 1). Generally, 

in 27 measurement cases, the amount of error in 

tomographic and panoramic images was 1.13±0.7 and 

1.53±1.01, respectively (p=0.01) (table 2). Generally, 

in 27 measurement cases the amount of error in 

tomography and panoramic images was 1.13±0.7 and 

1.53±1.01 respectively (p= 0.01). 
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Table 1. Height of the measured regions of mandible in tomography, panoramic and dry adult human skulls 

 

Gs P T P3 T3 P2 T2 P1 T1 Marker 

Number 

Mandible 

Number 

 

30.85 27.43 30.00 27.30 30.00 27.69 30.00 27.30 30.00 1 1 1 

13.68 12.43 12.29 12.30 12.27 12.30 12.33 12.69 12.27 2 1 2 

12.48 13.42 13.33 13.07 13.33 13.46 13.33 12.69 13.33 3 1 3 

28.80 27.95 30.22 27.69 30.66 28.46 30.66 27.69 29.33 1 2 4 

15.50 16.92 15.55 16.15 16.00 16.92 15.33 17.69 15.33 2 2 5 

14.94 16.66 16.77 16.15 16.66 17.96 17.00 16.15 16.66 3 2 6 

39.00 36.15 40.77 36.15 40.66 36.15 41.00 36.15 40.66 1 3 7 

18.19 17.30 19.74 17.30 20.33 17.30 20.60 17.30 18.30 2 3 8 

17.09 16.28 17.11 16.15 17.33 16.15 16.66 16.53 17.33 3 3 9 

T: mean of tomography measurements, t1: tomography in stage1, t2: tomography in stage2, t3: tomography in stage3. 

P: mean of panoramic measurements, p1: panoramic in stage1, p2: panoramic in stage2, p3: panoramic in stage3. 

Marker number: 1: region of incisors, 2: region of premolars, 3: region of molars. 

Gs: measurement of dry adult human skulls measurment (gold standard). 

 

 

Table  2. Comparison of precision measurement in tomography and panoramic images with gold standard 

measurement 

 

P-value Absolute value 

of panoramic 

differences with 

gs measurement 

mean±SD 

Absolute value 

of tomography 

differences with 

gs measurement 

mean±SD 

Gold 

standard 

measurement 

mean±SD 

Mandible 

region 

0.039 2.37±1.19 1.34±0.56 32.88±5.39 Incisor 

0.74 1.18±0.46 1.07±0.87 15.79±2.6 Premolar 

0.887 1.04±0.71 0.99±0.68 14.83±2.30 Molar 

 

Discussion  

Recent studies have compared the accuracy of 

vertical linear measurement of tomography and 

panoramic images and with gold standard. In this 

study, the linear measurement of vertical dimension of 

mandible in tomography images was more accurate 

than panoramic. Totally, the measured linear 

dimensions in tomography were closer to gold 

standard. The measured bias in regions of incisor, 

premolar and molar was obtained 1±1 mm. 

In panoramic images, the measured bias in the 

incisor region was above 2mm and in the other regions 

was 1 to 2mm. Also in panoramic, we observed the 

most biased device to measure was in the incisor 

region, and the least biased device to measure was in 

the premolar region. In tomography, the most biased 

device to measure was in the incisor region, and the 

least biased device to measure was in the molar region.  

 

Also In tomography, the most biased device to measure 

was related to triangular mandible and the least biased 

device was related to square mandible. While in 

panoramic, the most biased device belonged to the 

ellipse mandible and the least biased device belonged 

to the square mandible. The measurement of incisor 

regions in both panoramic and tomography 

radiography demonstrated the most biased 

measurement device. 

The vertical linear dimension measurment in 

tomography images was more accurate than 

panoramic. The difference of linear measures between 

panoramic and tomography radiography in premolar 

and molar regions is not significant. In incisor region, 

panoramic radiography is less reliable than 

tomography. Therefore, according to measurement, the 

incisor region has the most biased in linear 
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measurement obtained from both techniques 

(panoramic and conventional tomography) and 

demonstrated the least precision for pre-implant 

radiographic assessment. Thus, this study strongly 

suggests the other radiography methods like cone beam 

computed tomography for implant site assessment of 

incisor region.  

It is important to mention that, although, cone beam 

computed tomography (CBCT) has considerable 

accuracy in linear measurement, but it provides more 

radiation dose and economic costs for patients than the 

panoramic and conventional tomography. Also, cone 

beam computed tomographty is not available and 

widespread as a frequent technique like panoramic and 

conventional tomography. 

In an investigation using cone beam computed 

tomography and dry human skulls concluded that 

although the CBCT image underestimate the real 

distance between skull sites, the differences were only 

significant for the skull base and therefore it was 

reliable for linear evaluation measurements of other 

structures more closely associated with dento 

maxillofacial imaging (9). 

In 2003 Hatcher et al. declared that CBCT allows 

the clinicians to adequately assess the implant site(9). 

In 2010 Naitoh  et al. declared that the postoperative 

findings of incisor implants could be assessed using 

CBCT (10). Totally the approximate measurements of 

premolar and molar regions are more reliable. 

Panoramic systems can be useful for vertical 

measurements of a potential implant site in the 

posterior mandible. Some other studies like in Bolin et 

al. suggest tomography radiography for the evaluation 

of the available bone height in mandibular region 

posterior to the mental foramen (11). However, some 

studies recommended other modalities for more 

accuracy.  In 2012 Alamri  et al. declared that CBCTt 

is the preferred option for implant dentistry, providing 

greater accuracy in measuring compared to 2d imaging, 

while utilizing lower doses of radiation in comparison 

with ct (12_25).  

Parnia et al. declared that cross-sectional imaging 

like computed tomography provides excellent 

delineation of mandibular anatomy for pre-implant 

assessment (26). In 2008 Angelopoulos  et al .declared 

that due to the fact that the CBCT images were 

reformatted, slices of the mandible were free of 

magnification, superimposition of neighboring 

structures, and other problems inherent to panoramic 

radiology. This may result in very clear images that 

better depict the anatomical structure like mandibular 

canal (27). Magnetic resonance imaging is showing 

some promises, but the examinations are not readily 

available, generally expensive and bone was not 

provided with good images. Magnetic resonance 

imaging is excellent for demonstrating soft tissues and 

therefore may be of great use in identifying the inferior 

dental nerve and vessels.  

All of the above technology is of little value if the 

information required is not obtained and so information 

is also provided on imaging of some of the vital 

structures. Of particular interest is the inferior dental 

canal, incisive canals of the mandible, genial foramina 

and canals, maxillary sinus and the incisive canal and 

foramen of the maxilla (28). Rockenbach  et al. pointed 

out that both techniques were reliable for the 

accomplishment of vertical linear measurements in the 

premolar and molar areas (29). Although providing the 

human dry mandibles was difficult, but using them 

instead of the phantoms was one of the strong points of 

this study because of its similarity to the patient’s oral 

condition and measurement bias. 

 

 

Conclusion 

We conclude that the conventional tomography is 

more accurate than panoramic radiography in 

mandibular linear measurement of vertical dimension 

such as pre-implant assessment. We recommend the 

use of a 2.0 mm safety margin in the evaluation of 

implant sites. The incisor region has the most biased in 

both techniques, so this study strongly suggests the 

other radiography methods like cone beam computed 

tomography for pre-implant assessment of the incisor 

area. 
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