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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.lt 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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Mandibular vertical linear measurement in panoramic and tomography images

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.
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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 tablel.

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

Mandible Marker T1 P1 T2 P2 T3
Number

1 1 1

Number

30.00 27.30 30.00 27.69 30.00 27.30 30.00 27.43 30.85

3 1 3 13.33 12,69 13.33 13.46 13.33 13.07 13.33 13.42 12.48

6 2 3 16.66 16.15 17.00 1796 16.66 16.15 16.77 16.66 14.94

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

T: mean of tomography measurements, t;: tomography in stagel, t,: tomography in stage2, t3: tomography in stages3.
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P: mean of panoramic measurements, p;: panoramic in stagel, p,: panoramic in stage2, ps: 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

Absolute value
of tomography

differences with

gs measurement
meanxSD
1.34+0.56

Absolute value P-value
of panoramic
differences with
gs measurement
meanxSD

2.37+£1.19 0.039

measurement
Mandible Gold
region standard
measurement
meanxSD
Incisor 32.88+5.39
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.
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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 wvertical 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
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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.

Funding: This research project was financially
supported by Babol University of Medical Sciences.
Conflict of interest: We declare that there is no
conflict of interest.

References

1. Ribeiro DA. Cytogenetic biomonitoring in oral
mucosa cells following dental X-ray. Dento
maxillofac Radiol 2012; 41: 181-4.

2. Lofthag-Hansen S, Grondahl K, Ekestubbe A.
Cone-beam CT for preoperative implant planning


http://www.ncbi.nlm.nih.gov/pubmed?term=Naitoh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20545543
http://www.ncbi.nlm.nih.gov/pubmed?term=Alamri%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23032226
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Angelopoulos%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Rockenbach%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=15057399
http://dx.doi.org/10.22088/cjdr.2.1.25
https://dor.isc.ac/dor/20.1001.1.22519890.2013.2.1.3.6
http://cjdr.ir/article-1-68-fa.html

[ Downloaded from cjdr.ir on 2026-05-27 ]

[ DOR: 20.1001.1.22519890.2013.2.1.3.6 ]

[ DOI: 10.22088/cjdr.2.1.25]

10.

11.

12.

13.

in the posterior mandible: visibility of anatomic
landmarks. Clin Implant Dent Relat Res 2009; 11:
246-55.

Kim YK, Park JY, Kim SG, Kim JS, Kim JD.
Magnification rate of digital panoramic radiographs
and its effectiveness for pre-operative assessment
of dental implants. Dentomaxillofac Radiol 2011;
40: 76-83.

Ozan O, Turkyilmaz I, Ersoy AE, McGlumphy EA,
Rosenstiel SF. Clinical accuracy of 3 different
types of computed tomography-derived
stereolithographic ~ surgicalguides in  implant
placement. J Oral Maxillofac Surg 2009; 67: 394-401.
Pompa V, Galasso S, Cassetta M, Pompa G, De
Angelis F, Di Carlo S. A comparative study of
Magnetic Resonance (MR) and Computed
Tomography (CT) in the pre-implant evaluation.
Ann Stomatol (Roma) 2010; 1: 33-8.

Roccuzzo M, De Angelis N, Bonino L, Aglietta M.
Ten-year results of a three arm prospective cohort
study on implants in periodontallycompromised
patients. Part 1: impla nt loss and radiographic bone
loss. Clin Oral Implants Res 2010; 21: 490-6.
White SC, Pharooh MJ. Oral radiology. 5" ed,
St.louis: Mosby; 2004. p.12-4, 123-5, 191-3,208-
9,210,281-3,295-6,332-3.

Potter BJ, Shrout MK, Russell CM, Sharawy M.
Implant site assessment using panoramic Cross-
sectional tomographic imaging. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1997, 84:436-42.
Hatcher DC, Dial C, Mayorga C. Cone beam CT
for pre-surgical assessment of implant sites. J Calif
Dent Assoc 2003; 31: 825-33.

Naitoh M, Nabeshima H, Hayashi H, Nakayama T,
Kurita K, Ariji E. Postoperative assessment of
incisor dental implants using cone-beam computed
tomography. J Oral Implantol 2010; 36: 377-84.
Bolin A, Eliasson S, von Beetzen M, Jansson L.
Radiographic evaluation of mandibular posterior
implant sites: correlation between panoramic and
tomographic determinations. Clin Oral Implants
Res 1996; 7: 354-9.

Alamri HM, Sadrameli M, Alshalhoob MA,
Sadrameli M, Alshehri MA. Applications of CBCT
in dental practice: A review of the literature. Gen
Dent 2012; 60: 390-400.

Yajima A, Otonari-Yamamoto M, Sano T,
Hayakawa Y, Otonari T, Tanabe K, et al. Cone-
beam CT (CB  Throne) applied to

30

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Caspian J Dent Res -March 2013; 2(1): 25-31
Moudi E, et al.

dentomaxillofacial region. Bull Tokyo Dent Coll
2006; 47: 133-41.

Howerton WB Jr, Mora MA. Advancements in
digital imaging: What is new and on the horizon? J
Am Dent Assoc 2008; 139 (Suppl): 20S-4S.
Dreiseidler T, Mischkowski RA, Neugebauer J,
Ritter L, Zoller JE. Comparison of cone-beam
imaging with orthopantomography and
computerized tomography for assessment in
presurgical implant dentistry. Int J Oral Maxillofac
Implants 2009; 24: 216-25.

Fortin T, Champleboux G, Bianchi S, Buatois H,
Coudert JL. Precision of transfer of preoperative
planning for oral implants based on cone-beam CT-
scan images through a robotic drilling machine.
Clin Oral Implant Res 2002; 13: 651-6.

Garg AK. Dental implant imaging: TeraRecon‘s
Dental 3D Cone Beam Computed Tomography
System. Dent Implantol Update 2007; 18: 41-5.
Hua Y, Nackaerts O, Duyck J, Maes F, Jacobs R.
Bone quality assessment based on cone beam
computed tomography imaging. Clin Oral Implants
Res 2009; 20: 767-71.

Abboud MF. Cone beam CT based guided implant
placement—Benefits and risks. J Oral Maxillofac
Surg 2009; 67: 59.

Sato S, Arai Y, Shinoda K, Ito K. Clinical
application of a new cone-beam computerized
tomography system to assess multiple two-
dimensional images for the preoperative treatment
planning of maxillary implants: Case reports.
Quintessence Int 2004; 35: 525-8.

Ganz SD. CT scan technology: An evolving tool
for avoiding complications and achieving
predictable implant placement and restoration. Int
Mag Oral Implant 2001; 1: 6-13.

Sforza NM, Franchini F, Lamma A, Botticelli S,
Ghigi G. Accuracy of computerized tomography
for the evaluation of mandibular sites prior to
implant placement. Int J Periodontics Restorative
Dent 2007; 27: 589-95.

Terakado M, Hashimoto K, Arai Y, Honda M,
Sekiwa T, Sato H. Diagnostic imaging with newly
developed ortho cubic super-high resolution
computed tomography (Ortho-CT). Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2000; 89: 509-18.
Tischler M. In-office cone beam computerized
tomography: Technology review and clinical
examples. Dent Today 2008; 27: 102-6.


http://dx.doi.org/10.22088/cjdr.2.1.25
https://dor.isc.ac/dor/20.1001.1.22519890.2013.2.1.3.6
http://cjdr.ir/article-1-68-fa.html

[ Downloaded from cjdr.ir on 2026-05-27 ]

[ DOR: 20.1001.1.22519890.2013.2.1.3.6 ]

[ DOI: 10.22088/cjdr.2.1.25]

Caspian J Dent Res -March 2013, 2(1): 25-31

Mandibular vertical linear measurement in panoramic and tomography images

25.Van Assche N, van Steenberghe D, Guerrero ME,
Hirsch E, Schutyser F, Quirynen M, et al. Accuracy
of implant placement based on pre-surgical
planning of three-dimensional cone-beam images:
A pilot study. J Clin Periodontol 2007; 34: 816-21.

26. Parnia F, Fard EM, Mahboub F, Hafezeqoran A,
Gavgani FE. Tomographic volume evaluation of
submandibular fossa in patients requiring dental
implants. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2010; 109: e32-6.

27. Angelopoulos C, Thomas SL, Hechler S, Parissis
N, Hlavacek M. Comparison between digital

31

28.

29.

panoramic radiography and cone-beam computed
tomography for the identification of the mandibular
canal as part of presurgical dental implant
assessment. J Oral Maxillofac Surg 2008; 66:2130-
5.

Monsour PA, Dudhia R. Implant radiography and
radiology. Aust Dent J 2008; 53( Suppl.1): S11-25.
Rockenbach MI, Sampaio MC, Costa LJ, Costa NP.
Evaluation of mandibular implant sites: correlation
between panoramic and linear tomography. Braz
Dent J 2003; 14: 209-13.


http://dx.doi.org/10.22088/cjdr.2.1.25
https://dor.isc.ac/dor/20.1001.1.22519890.2013.2.1.3.6
http://cjdr.ir/article-1-68-fa.html
http://www.tcpdf.org

