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Abstract
AIM: To determine the accuracy of tomography in the 
linear measurement of alveolar bone at maxillary si-
nus/nose location.

METHODS: Two dry skulls each marked with 10 pairs 
of guttaperchas placed on buccal and lingual sides of 
the maxillary ridge were used in this in vitro  study. 
The distance between the alveolar crest and the sinus/
nasal floor was measured on tomographic views, pre-
pared by linear and spiral techniques. The ridges were 
then sectioned so that each section would include one 
pair of buccal and lingual guttaperchas. The actual 
distances directly measured on the sections were com-
pared to those of the equivalent tomographic sections 
(the magnification co-efficient was applied). Paired 
t -test was used to statistically analyze the data.

RESULTS: The measurement error with the applica-
tion of linear tomography and spiral tomography was 

shown to be 0.455 ± 0.838 mm (P  = 0.029) and 0.17 
± 0.78 mm (P  = 0.347), respectively. There was a 
statistically significant difference between the liner to-
mography values and actual values (P  = 0.029). This 
difference was representative of underestimation. Mc-
Namara’s test was used to assess the ± 1 mm error; 
73.7% of the linear values and 84.2% of the spiral values 
were within the ± 1 mm error limit. McNamara’s test did 
not show any significant differences between the 2 
methods in this regard (P  = 0.625). The linear values 
were significantly different to the actual values (P  = 
0.029) but not to the spiral values (P  = 0.185).

CONCLUSION: Spiral tomography has enough ac-
curacy for the measurement of alveolar ridge height. 
Although linear tomography somewhat underestimates 
the actual values it provides satisfactory accuracy.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Maxillary partial or complete edentulism rep-
resent some challenging conditions in implant dentistry. 
The position of sinus/nasal floor in partial/complete 
edentulous maxilla determines the alveolar bone height 
and consequently the length of the implants that can 
be used. Although cone beam cone beam computed to-
mography and conventional computed tomography are 
widely used for pre-operative implant treatment plan-
ning, they are expensive and can expose patients to 
relatively high dose of radiation. We demonstrated that 
tomography can be a good substitute for conventional 
and cone beam computed tomography for alveolar 
length measurement at maxilla, although spiral tomog-
raphy is more accurate than linear tomography.
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INTRODUCTION
Although computed tomography (CT) and cone beam 
computed tomography (CBCT) are frequently used for 
pre-operative implant planning, their use in the post-
operative assessments is limited due to metallic streak ar-
tifacts[1,2]. Also CBCT is associated with artifacts such as 
truncated view and beam hardening artifacts[3,4]. Another 
disadvantage of  computed tomography is its relatively 
high radiation risk compared to conventional tomogra-
phy[5-7]. 

The position of  the maxillary sinus floor influences 
the height of  the alveolar bone and consequently the 
implant length to be placed. Tomographic views are con-
sidered as the most reliable projections in the assessment 
of  potential implant sites prior to surgery since they pro-
vide the clinician with the buccolingual information of  
the anatomic structures[1,5].

The measurement accuracy of  most recent tomo-
graphic techniques in the assessment of  mandibular 
landmarks has been thoroughly discussed through the 
literature[8-14]. A recent systematic review has concluded 
that each landmark possesses a unique error pattern and 
contributes independently to the measurement inaccura-
cy[15]. Since the alveolar crest height meaning the distance 
between the maxillary sinus floor and the alveolar crest 
serves as an important factor in the placement of  dental 
implants., The present study aimed to compare the mea-
surement accuracy of  two tomography techniques, linear 
and spiral, in the maxilla of  dry human skull. 

MATERIALS AND METHODS
In this in vitro study, two dry skulls with intact maxillary 
sinus, nasal floor and foramen magnum, one completely 
and the other partially edentulous, were used. Each 
skull was then marked in 10 regions posteroanteriorly. 
Panoramic scout views were prepared to measure the 
alveolar ridge height. Each skull was then marked in five 
regions on each side with 70 guttapercha using glue ev-
ery 1 cm and perpendicular to the ridge. The most distal 
guttapercha was placed in the third molar region and the 
most anterior one was placed in the lateral incisor region. 
A total of  20 areas (4 × 5) were marked (Figure 1). Each 
area was marked with two guttaperchas one on the lin-
gual and the other on the buccal aspects of  the alveolar 
ridge. 

To prepare tomographic views, skulls were fixed on 
a wooden jig. Tomographic views were obtained twice, 
first using multitask Cranex TOME device (Orion Cor-
poration Sordex, Helsinki, Finland) and then using Plan-
meca Promax (Helsinki, Finland). Kodak X-Omat cas-

sette (Ektavision) and Agfa Single Emulsion (CP-VB) (15 
cm × 30 cm) film were used. For spiral tomography, the 
dental tomo program for the upper jaw was selected at 
57 kV, 2.5 mA and 56 s. Slice thickness was set to be 2 mm 
and the aperture number was 4. For linear tomography, 
the minimum adjustments, 54 kV and 0.5 mA, were set. 
Slice thickness was set to be 3 mm (Table 1). In all cases 
skulls were placed so that the maxillary occlusal plane 
would be parallel to the horizon. A total number of  20 
cross-sections were prepared on each X-ray unit.

The films were processed in an automatic processing 
machine (OPTIMAX 2010; PROTEK Medizintechnik, 
oberstenfeld, Germany). Measurements were done on a 
negatoscope in a semi-dark room using a digital sliding 
caliper. The view with the clearest gutta-percha was se-
lected for measurement on each radiograph. The alveolar 
crest and the maxillary/nasal floor were then outlined on 
tracing papers which were superimposed on the radio-
graphic views. Bone height was measured in an oblique 
direction along the medial axis of  the alveolar process, 
similar to the direction of  implant placement[5]. The dis-
tance between the sinus floor to the alveolar ridge traced 
on this line was considered as the ridge height (Figure 2). 
Measurements were done twice by an oral radiologist 
and an oral radiology senior resident each with a time 
interval of  2 wk.

The whole alveolar process was cut with electric 
saw first and then hand jig saw was used to separate the 
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Figure 1  One of the two dry skulls marked with guttaperchas.

Figure 2  The measurement approach for bone height on film.



Table 1  Summary of image protocols

marked sections (Figure 3). Bone height on the sections 
was measured similar to the films sing a digital sliding 
caliper with a nominal resolution of  0.01 mm (Figure 4). 
To determine the magnification factor, a pilot study was 
designed and performed through which the actual length 
of  the guttaperchas and their length on the radiographic 
view was measured. The magnification was calculated 
dividing the mean radiographic values to the actual val-
ues. The magnification factors were similar to the ones 
defined by the manufacturer (1.5 for both devices). The 
actual values measured on the bone sections were con-
sidered as the gold standard.

Statistical analysis
Data were inserted in SPSS v. 15, and then were analyzed by 
Paired t-test and McNemar’s test. Linear regression model 
was used to assess the relation between the actual values 
and tomogram values. Mean values and standard devia-

tions were used to describe quantitative values and percent. 
Proportions and bar charts were used to describe qualitative 
data. A 0.05 level of  significance was considered. 

RESULTS
Twenty specimens were primarily used in the present 
study, from which one specimen was excluded due to 
the displacement of  guttapercha. The extent of  maxil-
lary sinus floor and nasal floor was recognizable on all 
tomographic views. Measurements were, however, more 
challenging in the posterior areas and also in dentate skull. 
Paired t-test was used to compare the measurement dif-
ferences between the linear and spiral tomography to the 
actual values multiplied by the magnification co-efficient. 
The mean error for linear and spiral tomographic views 
were 0.455 ± 0.838 mm (P = 0.029) and 0.174 ± 
0.787 mm (P = 0.347), respectively. There was a statisti-
cally significant difference between the linear tomogra-
phy values and actual values (P = 0.029). This difference 
was representative of  underestimation. Non-parametric 
Wilcoxon signed rank test (a non-parametric equivalent to 
paired t-test) also revealed a statistically significant differ-
ence for linear tomography (P = 0.035) and a statistically 
not significant difference for spiral tomography (P = 0.587). 

Paired t-test also showed a significantly higher devi-
ation from the actual values in linear tomography compared 
to spiral tomography (P = 0.017). This was confirmed by 
Wilcoxon test (P = 0.026). However, neither t-test (P = 
0.185) nor Wilcoxon test (P = 0.199) revealed a significant 
difference between the linear and spiral values after they were 
multiplied by the magnification factor. McNemar’s test was 
used to assess the ± 1 mm error. Error values in linear 
and spiral tomographies were within ± 1 mm respectively 
in 73.68% and 84.2% of  the cases. McNemar’s test did not 
show any significant differences between the two methods 
in this regard (P = 0.625).

After the application of  magnification factors to the 
values obtained by linear tomography, overestimation 
and underestimation were respectively seen in 21.01% 
and 78.99% of  the cases. Overestimation and underesti-
mation were respectively seen in 47.3% and 52.7% cases 
of  spiral tomography. All the overestimation cases of  
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Figure 3  Sectioned specimen using a hand jig saw.

Figure 4  The measurement approach on the sectioned specimen.

Machine type Promax Cranex Tome

Manufactorer Planmeca, Helsinki, 
Finland

Sordex, Helsinki, 
Finland

Tube voltage (kV) 54 57
Tube current (mA) 0.5 2.5
Slice thickness (mm) 3 2
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spiral tomography were within the error limit of  ± 1 mm. 
Mean spiral overestimation was within 0.02 to 0.91 mm. 
Mean linear overestimation was within 0.38 to 1.5 mm. 
Mean underestimation values of  linear and spiral tomog-
raphies were respectively within the ranges of  0.04 to 
1.8 mm and 0.03 to 1.4 mm (except for one case of  spi-
ral tomography which showed an underestimation of  2.19 
mm). Figure 5 represent the distribution of  errors within 
the ± 1 mm range.

DISCUSSION
Linear and spiral tomography techniques were compared 
in the present study in terms of  accuracy in the pre-
operative assessment of  the maxillary bone height. To 
the best of  our knowledge, the literature lacks enough 
studies on the localization of  maxilla, maxillary sinus and 
nasal floor and most studies have addressed the localiza-
tion of  mandibular canal. 

It is generally accepted that more complex tomo-
graphic movements are associated with higher blurring of  
the background images and less streaking artifacts[1]. Spiral 
and hypocycloidal movements will reduce the incidence 
of  streaking artifacts[16,17]. In the studies of  Lindh et al[18] 
spiral tomography provided more accurate views of  the 
mandibular canal compared to hypocycloidal tomography. 
In the present study, the actual values measured directly 
on the skull sections and the values obtained from linear 
tomograms were significantly different (P = 0.029). The 
mean difference was measured 0.455 ± 0.83 mm for linear 
tomography and 0.174 ± 0.78 mm in spiral tomography. 
This difference was not significant for spiral tomography 
(P = 0.347). The significant difference in linear tomogra-
phy may be partly due to the quality of  images. In spiral 
tomography the quality of  images especially in the ante-
rior area was better and the outlines could be more easily 
detected. Due to the insufficient number of  specimens, 

however, this comparison between the anterior and the 
posterior areas was not statistically implacable.

Naitoh et al[19] compared the measurement accuracy 
of  direct laser positioning and reformatted CT. They 
suggested that other factors including tomographic angle 
and the placement angle of  the object to be projected 
also influence the measurement accuracy in addition to 
the motion pattern. They did not find any significant dif-
ferences between the two methods in mandible measure-
ments (P = 0.526). They believed the significant lower 
accuracy of  the linear tomography found through other 
studies is due to the difficulties in the adjustment of  the 
projection plan of  the object and not due to the image 
quality.

The main purpose of  the present study was to com-
pare two types of  tomography in terms of  linear mea-
surements rather than image quality. Statistical analysis 
failed to reveal any significant differences between the two 
methods in the measurement of  the distance between the 
alveolar crest and the sinus/nasal floor (P = 0.185). Spiral 
tomography values obtained through the present study 
are consistent to the findings of  Bou Serhal et al[5] who 
assessed the measurement accuracy of  the spiral tomog-
raphy in upper jaw. They reported a mean error of  0.24 ± 
0.19 mm which was not significantly different to the actual 
values (P > 0.05). They stated some quality impairment 
in the images obtained from the most distal slices and 
though it was attributed to the placement of  more bony 
structures in the area. Similarly, Kim et al[20] experienced 
quality impairment in mandibular posterior areas pro-
jected by Scanora spiral tomography. Higher image quality 
in the study of  Bou Serhal et al[5] may be attributed to the 
complete edentulousness of  the studied skulls, which 
may have eliminated the artifacts commonly created by 
the presence of  restorations and natural teeth. Similarly, 
the quality of  images obtained from the anterior areas 
was higher compared to those of  posterior areas in the 
present study both with spiral and linear tomographies. 
Also spiral projections were associated with higher image 
quality in anterior areas compared to linear tomography. 

Bou Serhal et al[21] also evaluated the accuracy of  con-
ventional spiral tomography [Cranex TOME multifunc-
tional unit (Orion Corporation Sordex; Helsinki, Finland)] 
for the localization of  the mandibular canal on human 
fresh cadavers and reported higher mean error values 
compared to their previous study. They concluded that 
the information provided by spiral tomography of  the 
posterior mandible using the studied unit is reliable and 
sufficient for preoperative planning of  implant placement. 
They attributed the different results of  the two studies to 
the fact that the absence of  overlying soft tissue provides 
the observer with a higher resolution of  the bony mandi-
ble and also more precise adjustments of  skull compared 
to the patient or cadaver in the latter study. 

Butterfield et al[17] examined linear tomography in 
terms of  accuracy and validity in the pre-surgical evalua-
tion of  potential implant sites in mandible. They claimed 
that linear tomography suffers from prominent dimen-
sional instability, which significantly limits its role in 
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Figure 5  Frequency percent of the measurement errors after the applica-
tion of magnification factors.

Error < -1 mm -1 to +1 mm > +1 mm
Linear 4 (% 21.01) 14 (% 73.68) 1 (% 5.31)
Spiral 3 (% 15.8) 16 (% 84.2) 0 (% 0)
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preoperative assessment of  implant sites. Seven observ-
ers traced eight anatomic landmarks including the man-
dibular cortical bone and inferior alveolar canal on linear 
tomographic images. Statistically significant differences 
were found between the perceived and actual anatomic 
values (P < 0.05). They suggested that since the source 
to image receptor distance, source to object distance and 
object to image receptor distance change with a con-
stant proportion to each other during the tomographic 
movements, linear tomography does not hold a constant 
magnification factor. Consistently, linear tomography in 
the present study was associated with a significant under-
estimation of  the measurement values of  alveolar crest 
height (P = 0.029). On the other hand, the pilot linear 
tomography of  guttaperchas conducted by the author of  
the present study revealed a magnification factor (1.498) 
which closely approximated the manufacturers (1.5). 

Bou Serhal et al[21] measured an actual magnification 
factor of  1.49 for the Cranex TOME spiral tomogra-
phy unit both in vertical and horizontal planes. Closely 
similar, the magnification factor measured in the present 
study for the same device was equal to 1.518. 

In the present study, spiral tomograms showed un-
derestimation and overestimation respectively in 52.7% 
and 47.3% of  the cases. The overestimation in the pres-
ent study was higher than that of  Bou Serhal study in 
2000 (33.3%). Also the linear tomograms of  our study 
presented with underestimation and overestimation in 
78.99% and 21.01% of  the cases, respectively. Based on 
these findings, it may be suggested that overestimation 
occurs more frequently in spiral tomography and under-
estimation occurs more frequently in linear tomography. 
Underestimation would seemingly be preferable in the 
implant placement especially when the mandibular body 
above the mandibular canal is considered as a potential 
implantation site[18]. Loubele et al[3] comparatively as-
sessed the measurement accuracy of  multi-slice spiral 
CT, spiral tomography and cone-beam tomography. 
They measured an overestimation of  1 mm for the spiral 
tomography. CBCT in their study (except for one case) 
was only associated with approximate overestimation 
of  0.5 mm. In the present study, spiral tomography was 
associated with an overestimation of  less than 1 mm 
(maximum of  0.91 mm). This value was measured to be 
maximally 1.5 mm with the application of  linear tomog-
raphy especially in the anterior areas of  dentate skulls. 
However, since the significant difference tended towards 
underestimation with the application of  linear tomogra-
phy in the present study, and also due to the higher safe-
ty of  underestimation compared to overestimation, the 
measurement accuracy of  the linear tomography seems 
to be within the satisfactory clinical range. On the other 
hand, underestimation may result in the application of  a 
shorterimplant, which may impair the long term progno-
sis survival of  the implant and success of  the overlying 
prosthetic restoration[18].

Spiral tomography in the study of  Bou Serhal et al[5] 
was associated with a accuracy of  ± 1 mm in the mea-
surement of  alveolar crest to maxillary sinus distance. 

Klinge et al[22] measured the distance between the alveolar 
crest to the inferior border of  the mandibular canal by 
means of  hypocycloidal tomography and reported that 
only 39% of  the cases were associated with a accuracy 
of  within ± 1 mm. Hanazawa et al[23] measured the same 
distance by spiral tomography and reported that 47.9% 
of  the cases are within the ± 1 mm accuracy. In the pres-
ent study, spiral tomography and linear tomography were 
associated with ± 1 mm accuracy respectively in 84.2% 
and 73.68% of  the cases after the magnification factors 
were applied.

McNemar’s test did not reveal any significant differ-
ences between the two tomographies in terms of  the 
percent of  the cases within the ± 1 mm accuracy (P = 
0.625). Clinically the value of  underestimation and over-
estimation is more important than the absolute differ-
ence of  the perceived and actual values[21]. 

The values measured on the linear tomograms ob-
tained by Promax unit significantly differ to actual values 
(P < 0.029). This difference tends toward underestima-
tion. There is, however, a significant correlation between 
the linear and spiral tomographies. Therefore it seems 
that both linear (Promax) and spiral (Cranex Tome) to-
mography are associated with sufficiently accuracy in the 
pre-surgical assessment of  potential implant sites in dry 
skull. Also the magnification factor introduced by the 
manufacturer is seemingly reliable for both devices. Lin-
ear and spiral tomography did not show any significant 
differences in the present study. This may not be the 
case in clinical situation where the soft tissue and denti-
tion are present. Therefore, studies on human cadaver 
or in vivo trials are highly recommended to further assess 
the reliability of  the two methods. 

COMMENTS
Background
Maxillary Partial or complete edentulism is a common condition in dentistry and 
insufficient bone can be a challenge for a clinician who wants to place implants 
at edentulous Maxilla. The loss of maxillary teeth result in decrease in bone 
height (and width). The position of the maxillary sinus floor/nasal floor influ-
ences the height of the available alveolar bone and consequently the implant 
length to be placed. Different imaging modalities are used for detemining the 
hight of available bone at maxillary sinus area. 
Research frontiers
The imaging modality should be chosen that yields the necessary diagnostic 
information and results in less radiologic risk. Periapical radiography is of limited 
value in determining bone quantity due to its magnification, distortion, lack of third 
dimension and size limitation. Nowadays computed tomography and cone beam 
computed tomography are frequently used for pre-operative implant planning. 
Although they can provide us with invaluable information (3D images with high 
accuracy), they have their own disadvantages such as exposing the patient to 
the relatively high radiation, beam hardening artifacts and high costs. The hot 
spot is how to employ a modality which produces 3D images but wouldn’t expose 
patients to a high radiation dose. The answer can be tomography.
Innovation and breakthrough 
To the best knowledge of the authors of this article, the literature lacks enough 
studies on the localization of maxillary sinus and nasal floor and most studies 
have addressed the localization of mandibular canal. Linear and spiral tomogra-
phy techniques were compared in the present study in terms of accuracy in the 
pre-operative assessment of the maxillary bone height. In this study, the actual 
values measured directly on the skull sections and the values obtained from linear 
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tomograms were significantly different. This difference was not significant for spi-
ral tomography. The significant difference in linear tomography may be partly due 
to the quality of images. In spiral tomography the quality of images especially in 
the anterior area was better and the outlines could be more easily detected. Due 
to the insufficient number of specimens, however, this comparison between the 
anterior and the posterior areas was not statistically implacable.
Application
The study result suggests that spiral tomography has enough accuracy for the 
measurement of alveolar ridge height. Although linear tomography underesti-
mates the actual values, it seems to provide satisfactory accuracy.
Terminology
Tomography is generic term for describing sectional radiography. X-ray source 
and film move in opposite direction during exposure in this technique. Conse-
quently, structures in the section of interest are sharp while the above and blow 
sections appears blurred.
Peer review
This is an interesting study in which authors tested the accuracy of the mea-
surements of linear and spiral tomography in maxilla. The results were intrigu-
ing and demonstrated that spiral tomography is an accurate imaging modality 
for pre-operative treatment plan. Although, linear tomography is not perceived 
as accurate as spiral tomography, it appears to be accurate enough to be uti-
lized for a pre-surgical treatment plan.
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