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INTRODUCTION 
 

The rapid evolution towards digital imaging has brought several advantages in 

patient treatment and disease diagnosis. Digitalization has reduced the required 

radiation dose for dental imaging (Brettle et al 1996, Scarfe et al 1997, Paurazas et al 

2000, Pfeiffer et al 2000, Kaeppler et al 2007), allowed the use of image 

enhancement (Borg et al 1997, Eickholz et al 1999, van der Stelt 2000, Wolf et al 

2001, Jorgenson et al 2007, Li et al 2007) and brought an overall easier and faster 

work-flow (van der Stelt 2000, Farman et al 2008). Furthermore, the amount of 

quality assurance steps has been down-sized due to elimination of the many 

processing steps of conventional film development, with the final diagnostic quality of 

digital images now mostly depending on a specific sensor's sensitivity profile and 

resolution and the x-ray generator exposure settings. Due to the fast technology turn-

over, many studies have investigated the constant improvement of film or digital 

sensor sensitivity and resolution. Reports have demonstrated dose savings of 50% 

when using E/F-speed films compared to D-speed types (Ludlow et al 2001) and 

even further savings when using digital sensors (Brettle et al 1996, Kaeppler et al 

2007). However, the x-ray generator and its specific settings have often not been 

explored despite their direct impact on radiographic contrast and image density 

(Curry et al 1990). 

International recommendations on mA (tube current or beam intensity) and kV 

(tube voltage or penetration level) ranges –usually fixed on dental x-ray units- have 

been published (European Commission 2004) but actual exposure times (or mAs) for 

intraoral radiographs still need to be balanced towards receptor- and x-ray generator-

type. Traditional x-ray units based on alternating current (AC) delivered sinusoidal 

potentials between a positive and negative voltage peak, only generating x-rays in a 

fraction of the time (positive wave-peak), while the rest of the wave only contributed 

to scatter radiation. Most AC units now have rectified this negative backflow of 

electrons, but more modern high frequency (HF) units oscillate between higher 

voltages and therefore produce more useful x-rays during one cycle and less 

unnecessary low-energy photons (Helmrot et al 1988). Although the latest HF or 

multipulse waves resemble those of constant potential generators, HF units are 

marked by a small pre-heating time: kV variation (or ripple) decreases at rising 
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exposure times. Constant potential generators (direct current or DC) produce a 

harder beam with smaller ripple and no pre-heating (McDavid et al 1982). For many 

years now, the impact of these different waveforms has been investigated using 

experimental phantom tests and indicated possible skin dose savings by maintaining 

subject contrast. Unfortunately, up to now, no studies have reported the clinical 

impact on diagnostic image quality. Especially in combination with sensitive digital 

sensors, a more accurate and predictable x-ray output obtained by DC generation 

may allow further dose savings (European Commission 2004), while older generators 

may not be able to cope with the low exposure settings for digital receptors. 

Surprisingly, most studies on digital imaging have not considered x-ray generator 

type in the determination of exposure range. Direct solid state sensors 

(complementary metal-oxide semiconductors or CMOS and charged coupled device 

or CCD) and indirect imaging plates (photostimulable storage phosphor or PSP) have 

namely different sensitometric properties which may be influenced by the x-ray 

generator type.  

For general dental diagnosis, Borg et al (2000) compared the subjective image 

quality ratings (visibility of important structures) for varying exposure times using 

several digital systems and a DC tube. They found PSP systems to have a wider 

useful exposure range and CCD the narrowest. In a similar research set-up, 

Bhaskaran et al (2005) and Berkhout et al (2004) found comparable results although 

a HF generator was used. Similarly, for periodontal diagnosis, no studies could be 

found investigating different x-ray generators but in addition, most studies did not 

explore exposure ranges (Müller & Eger 1999, Kaeppler et al 2000, Wolf et al 2001, 

Pecoraro et al 2005, Deas et al 2006, Gomes-Filho et al 2007, Jorgenson et al 2007, 

Li et al 2007). Pecoraro et al (2005) investigated observer reliability in assessing 

periodontal bone height using conventional E-speed film and a digital CMOS sensor 

and found no significant difference when using the digital system. However, the x-ray 

generator used was of the AC type and in addition, the exposure range was halved 

for the digital system without investigating other exposure times. As a matter of fact, 

the added value from (digital) radiography for periodontal diagnosis has often been 

questioned because research in digital imaging is lacking (Hausmann 2000, Tugnait 

et al 2000, Mol 2004). Only one study explored a range of radiographic exposure 

times in the detection of periodontal bone loss using two digital systems and a DC 
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tube, but high exposure times -comparable to film- were used (Borg et al 1997). 

Therefore, the overall aim of this study was to investigate the effect of x-ray tube 

generator on image accuracy and quality for assessment of periodontal bone lesions 

using conventional and digital imaging receptors at a range of increasing exposure 

times. 

 

MATERIALS AND METHODS 
Thirty-one periodontal bone defects of two adult human skulls, a cadaver head 

and a dry skull, were evaluated using intraoral conventional and digital radiography. 

The upper and lower jaws of the cadaver head were fixed with 10% formalin and 

functioned as a clinical subject. The cadavers were obtained with permission and 

ethical approval from the Department of Anatomy at the Catholic University of 

Leuven, Belgium. The adult human dry skull was covered with a soft tissue 

substitute, Mix D and used as a simulation (White 1977). For the intraoral protocol, 

the paralleling technique was applied in a standardized exposure set-up. A film 

holding system (XCP, RINN Corporation, Elgin, IL, USA) was used and standardized 

repositioning and stabilisation was guaranteed by an individually adapted stent 

material, serving as a rigid occlusal key during exposure. These waxed imprints of 

the anterior, premolar and molar regions were made on the bite blocks of the 

radiographic aiming device (see Figure 2.1A).  

 
Intraoral x-ray units 

To investigate the influence of x-ray generation, three x-ray generator types 

corresponding to AC (IRIX 70, Trophy Radiologie, Marne-La-Vallée, France), HF 

(Prostyle Intra, Planmeca Oy, Helsinki, Finland) and DC (Minray, Soredex, Tuusula, 

 

Figure 2.1: (A) Standardized 
intraoral radiographic exposure 
set-up: aiming and positioning 
device with occlusal keys (green 
stent) (notice the soft tissue 
simulation on the dry skull). (B) 
Digital caliper with inside and 
outside measurements, and 
depth blade. For the cadaver 
jaws, measurements were done 
after flapping. The depth blade 
allowed measuring infrabony 
defects to the base of the crater.
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Finland) generators were used. Exposure settings were 70 kVp and 7 mA (Minray) or 

8 mA (IRIX 70, Prostyle Intra). For comparison of the tubes with different mA values, 

the different exposure time intervals (ms) were recalculated according to one mA 

setting by using their linear relationship (mAs). The exposure times used for 

conventional film and PSP were 0.020, 0.040, 0.060, 0.080, 0.120, 0.160 seconds. 

For CCD however, the used range was limited to 0.020 or 0.040, 0.060 and 0.080 

seconds. A mechanically interlocking rectangular (4cm x 3cm) collimator (Universal 

Collimator, RINN Corporation, Elgin, IL, USA) was used for the AC and HF unit for 

comparison to the DC unit, equipped with an integrated 3 by 4 cm beam collimation. 

The focal-film distance was (set to) 30 cm for all tubes. 

 Imaging modalities 
For the radiographic assessments, 

peri-apical radiographs were made with 

conventional film, indirect digital and direct 

digital systems using the standardized set-

up. The conventional films used in this study 

were Agfa Dentus M2 Comfort E-speed film 

(Heraeus Kulzer GmbH, Dormagen, 

Germany) and Kodak Insight F/E-speed film 

(Carestream Health, Rochester, NY). The 

indirect digital PSP systems were Digora 

Optime (Soredex, Tuusula, Finland), 

Vistascan (12 bit) and Vistascan Perio (16 

bit) (Dürr Dental GmbH, Bietigheim-

Bissingen, Germany). For the Vistascan 12 

bit, both original and images with a 

dedicated periodontal filter were included for 

analysis. The direct digital CCD sensors 

were Sigma (Instrumentarium Dental, 

Tuusula, Finland) and VistaRay (Dürr Dental 

GmbH, Bietigheim-Bissingen, Germany). Two examples of the radiographic set-up 

are given in Figure 2.2 and 2.3: the three x-ray generators are combined with a PSP 

(Figure 2.2) and a CCD (Figure 2.3) system while exposure time is increased.  

Figure 2.2:  PSP radiographs (front 
region) of the standardized dry skull with 
three x-ray generator types at rising 
exposure times. Notice the increase in 
radiographic contrast from left to right 
(AC to HF to DC) but mostly at low 
exposure times. From the top down (60 to 
80 to 120 ms) this difference is less 
apparent except for the AC tube. 
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Radiographic assessments 
 The radiographic assessments consisted of objective measurements on one 

hand and subjective evaluations on the other hand. Images were viewed by three 

observers (all dentists specialized in oral imaging) in a darkened room on three 

standardized notebooks with 17 inch TFT based LCD monitors (contrast ratio 750:1) 

having anti-reflective layers, same screen resolution (1440 x 900 pixels), and contrast 

and brightness levels. The intraoral peri-apical images from all possible x-ray tube, 

image receptor and exposure time combinations were exported in Tagged Image File 

Format (TIFF) and displayed in a random order with the Emago Advanced, V.3.5.2. 

software (Oral Diagnostic Systems, Amsterdam, The Netherlands) at true size (pixel-

size x number of pixels, ratio 1:1). Image processing, including zoom functions, was 

not allowed for the digital observer assessments. The conventional films were 

processed with an automatic film processor (XR24 Nova, Dürr Dental, Bietigheim-

Bissingen, Germany) with Dürr Chemistry (Röntgen Spezial-Set fur Dürr Automat 

XR24). The films were viewed in a darkened room using a 6"x12" countertop 

illuminator (Universal Viewer, Dentsply International, York, PA, USA) with magnifier 

and film mounts to cover surrounding light.  

For the objective measurements, thirty-one naturally occurring sites were 

selected, including linear defects, three-dimensional craters and furcation 

 

Figure 2.3:  CCD 
radiographs (molar 
region) of the 
standardized dry skull 
with the three x-ray 
generator types at rising 
exposure times. Notice 
the change in 
radiographic contrast 
from left to right (AC to 
HF to DC) especially at 
low exposure times. From 
the top down (rising 
exposure) this change 
can also be noticed and 
at high exposure times, 
blooming effects 
(darkening of the alveolar 
crest) become apparent 
especially when using the 
DC tube. 
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involvements, to measure periodontal bone levels. The observers were asked to 

measure the distance from the cemento-enamel junction to the alveolar bone using 

the linear measurement tool of the Emago Advanced software or for the conventional 

films, using a digital sliding calliper (Mitutoyo, Andover, UK) both with an accuracy to 

the nearest 0.1mm. Physical measurements of the skulls were considered as the 

gold standards for further accuracy assessment of all imaging combinations. For the 

cadaver jaws, the gold standard was obtained after image acquisition, by flap surgery 

to allow physical measurements using a digital sliding caliper (Mitutoyo, Andover, 

UK) with accuracy to the nearest 0.01 mm. For the dry skull however, gold standards 

were obtained, prior to adding soft tissue substitute and image acquisition. Mesial, 

central and distal bone levels and bone crater depths on the oral and vestibular sides 

of each selected tooth were measured by two observers using the inside 

measurement arms of the calliper and averaged. For infrabony defects containing 

several walls, the depth blade was used allowing measurements until the base of the 

defect (see Figure 2.1B). Because of dehydration of the dry skull, the faded CEJ 

could not be used as a reference point as in the formalin-fixed cadaver jaws. 

Therefore, radio-opaque gutta-percha fragments with a small central indentation were 

glued onto the respective teeth to serve as standardized fiducials.  

 For the subjective evaluations, important periodontal diagnostic criteria were 

analysed by the three observers. The delineation of lamina dura, crater visibility, 

furcation involvement visibility, depiction of trabecular bone and radiographic contrast 

was evaluated on all images. An ordinal scale was assigned to these variables, 

ranging from 0 to 3 (1=bad, 2=medium, 3=good), with 0 as a score when it was not 

possible for an observer to evaluate the criterion properly. 

 

Dose measurements 
 Using a Barracuda multimeter (RTI Electronics AB, Mölndal, Sweden) with a 

solid state dose detector (R100 dose probe), the kV, time, pulses, dose, dose rate, 

dose per pulse, half value layer and filtration were measured for the AC, HF and DC 

units within a range of 0 to 200 ms. The probe was positioned at the same source-

distance for the three tube types. Accuracy of the multimeter was tested indicating a 

range within 3% inaccuracy for entrance dose and less than 1% for kV 

measurements. 
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Statistical methodology 
All analyses have been performed using SAS software, version 9.2 of the SAS 

System for Windows (SAS Institute Inc 2008). 

Table 2.1 gives an overview of the number of measurements per combination 

of x-ray tube- image receptor (group) and exposure time. In the analyses 7 groups 

are distinguished defined by tube and image receptor combination. 

 
Table 2.1: Number of measurements presented by exposure time and group. A total of 2479 
bone level measurements were done by each observer. For example, measurements for the 
31 bone defects are obtained with four different PSP systems/configurations at exposure 
time ≤ 20ms, resulting in 124 measurements made by each of the three observers. Note that 
some landmarks can be missing on radiographs with smaller receptor-size, for instance CCD 
vs PSP size. The exposure time is recalculated from mAs, if mA were equal to 7. 
Group Exposure time 

Frequency 0<ms≤20 20<ms≤40 40<ms≤60 60<ms≤80 80<ms≤100 100<ms≤140 ms>140 Total 
Film, AC 
(kV=70) 0 58 58 58 58 58 58 348 
PSP, AC 
(kV=70) 0 62 62 62 62 62 62 372 
PSP, HF 
(kV=70) 0 62 62 62 62 62 62 372 
PSP, DC 
(kV=70) 124 124 124 124 0 124 124 744 
CCD, AC 
(kV=70) 0 27 27 116 116 89 0 375 
CCD, HF 
(kV=70) 0 27 27 27 27 0 0 108 
CCD, DC 
(kV=70) 40 40 40 40 0 0 0 160 

Total 164 400 400 489 325 395 306 2479 
 

Accuracy 

The accuracy of measurements has been defined as the absolute distance 

from the gold standard (GS). In some cases, radiographic image quality was too low 

for the observer to obtain an actual measurement. In respectively 302, 5, 29 and 

2143 (86.4%) cases none, only one, only two and all three observers made an actual 

measurement. Ignoring this rather large set of cases would substantially bias the 

evaluation of the accuracy. In case no bone level measurement was possible due to 

lack of image quality, the measurement accuracy was considered to be right-

censored at an arbitrarily value of 6, a value which exceeds the lowest observed 

measurement accuracy (the lower the accuracy, the higher the absolute distance 

from the GS). As a result, the statistical analysis of accuracy was cast into a survival 
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analysis framework. The accuracy has been averaged over the three observers. In 

the 34 cases with a discrepancy between the observers in assigning an actual value, 

the mean accuracy was also considered right-censored.  

Comparisons were made between groups separately within intervals of exposure 

level (≤20 ms, 20-40 ms,…). Kaplan-Meier estimates were used to visualise the 

cumulative distribution function of the distance from the gold standard. The hazard for 

an accurate measurement was compared between the groups using a Cox model. 

Since each combination of bone defect and group was measured repeatedly (by 

possible multiple products and multiple exposure levels), this clustered structure was 

accounted for using the COVS option in the PROC PHREG procedure. For each 

combination of bone defect and group, a Spearman correlation was calculated to 

quantify the relation between the exposure level and accuracy. A Wilcoxon signed 

rank test was then used to verify if the distributions of this set of correlations differed 

from zero. 

 

Subjective Measurements 

For illustrative purposes only, the mean of the ordinal scores (giving a zero 

value in case the quality was too low to make an assessment) has been plotted for 

each group separately as a function of the exposure time. Note that for each of the 

skulls only one measurement was present with each device combination (receptor-

tube) at a specific exposure level. Interest was in the relation between exposure level 

and rating (ignoring the device) and the differences between the tubes (ignoring 

exposure level and image receptor).  A proportional odds model was used to model 

the ratings (0-1-2-3) as a function of exposure level and tube respectively. 

Generalised estimating equations were used to take into account the aforementioned 

clustered structure (using PROC GENMOD). These models have been fitted for each 

observer separately. In all analyses, p-values smaller than 0.05 were considered to 

be significant. 

 

 

RESULTS 
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Measurement accuracy 
Figure 2.4 presents the cumulative distribution function (based on Kaplan-

Meier estimates) of the absolute distance from the gold standard. This function gives 

the percentage of measurements (Y-axis) falling within a specific distance (X-axis) 

from the gold standard. Hence, the faster the curve increases, the higher the 

accuracy. The groups are compared within intervals of exposure range (≤20 ms, 20 

ms< ms ≤40 ms, …, ms>140 ms).  

 

 
Figure 2.4:  Cumulative distribution function (based on Kaplan-Meier estimates) of the 
absolute distance from the gold standard. This function gives the percentage of 
measurements (Y-axis) falling within a specific distance (X-axis) from the gold standard. 
Hence, the faster the curve increases, the higher the accuracy. The graphs are presented 
at rising exposure intervals: ms≥20, 20<ms≤40, …, 140≤ms.
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Table 2.2 summarizes some relevant results from the Cox regression models 

comparing the accuracy between various groups within ranges of exposure level.  

 
Table 2.2: Relevant results from the Cox regression models comparing the accuracy 
between various groups within ranges of exposure level. The significant differences in bold 
indicate a greater accuracy for the second group versus the first except for the significant 
difference marked by [*] which demonstrates greater accuracy for the first one. The [x] 
represents missing combinations. (R=receptor, T=Tube) 

Exposure Time (at mA=7) 

Group Variable 20≤ms 20<ms≤40 40<ms≤60 60<ms≤80 80<ms≤100 100<ms≤140 
ms 

>140 

R PSP 
AC vs 
HF x p<0.0001 p<0.0001 p<0.0001 p>0.05 p>0.05 p>0.05

  
AC vs 
DC x p<0.0001 p<0.0001 p<0.0001 p>0.05 p>0.05 p>0.05

  
HF vs 
DC x p<0.0001 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

 CCD 
AC vs 
HF x p>0.05 p>0.05 p>0.05 x x x 

  
AC vs 
DC x p>0.05 p>0.05 p>0.05 x x x 

   
HF vs 
DC x p>0.05 p>0.05 p>0.05 x x x 

T AC 
Film vs 
PSP x p>0.05 p<0.0001 p<0.0001 p>0.05 p>0.05 p>0.05

  
Film vs 
CCD x p<0.0001 p<0.0001 p<0.0001 p>0.05 p>0.05 x 

  
PSP vs 
CCD x p<0.0001 p<0.0001 p<0.0001 p>0.05 p<0.01* x 

 HF 
PSP vs 
CCD x p<0.01 p>0.05 p>0.05 p>0.05 x x 

 DC 
PSP vs 
CCD p<0.001 p>0.05 p>0.05 p>0.05 x x x 

 

When considering the x-ray generator type as a first variable, a lower accuracy 

was found for AC compared to HF or DC units (p<0.0001) at low exposure times 

(ms≤80ms), although only for PSP sensors. For the HF versus DC unit, a significant 

difference was only found at very short exposure times (20<ms≤40) for PSP 

(p<0.0001) but again not for solid state sensors.  

When considering the image receptor as a second variable, differences in 

accuracy between PSP and CCD are especially seen when using the AC tube type. 

At shorter exposure times (ms≤80), measurements using direct sensors were more 

accurate than PSP but this changed for higher exposure times (ms>100). On the 

other hand, for both HF and DC units, only at very small exposure times (respectively 

ms≤40 and ms≤20) significant differences were found (respectively p<0.01 and 

p<0.001). This indicated greater sensitivity of CCD receptors. In comparison to 
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conventional film (only considered using AC), digital sensors produce more accurate 

measurements at low exposure times, except for PSP at ms≤40. 

Figure 2.5 is a graphic representation of the median accuracy as function of 

the mAs. Based on the distribution of the Spearman correlations, the quality 

(measurement accuracy) was significantly increasing as a function of exposure level 

for Film and PSP. For CCD, the quality decreased (significantly for CCD-AC) or 

remained constant. Both for PSP and CCD sensors measurement accuracy was 

higher when using a DC tube.  

 

 

 

Skin doses (µGy) per x-ray unit and exposure time are presented in Figure 

2.6. Furthermore, dose rates (µGy/s) and kV generation are plotted by exposure time 

for each tube. While the AC tube only reached the desired kV levels at certain peaks, 

the HF unit gradually increased to reach the desired kV after approximately 20-30 ms 

and the DC tube almost instant after 4-5 ms. The measured exposure time deviated 

from the chosen setting by 30 to 75% for the AC unit, with increasing error at lower 

exposures. For the HF and DC unit, this error was <1%.  

 
Figure 2.5:   Median accuracy 
(absolute distance from gold 
standard) as a function of 
exposure time. The exposure 
time is recalculated from mAs, if 
mA were equal to 7. Outlying 
median accuracies (medians>1) 
are depicted in the figure as 
value 1. 
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Relative dose savings were calculated by linking these dosimetry results to the 

measurement accuracy obtained using the different tubes (see Table 2.3). 

Considering an accuracy level of respectively 0.5 mm and 1 mm, dose savings of 27 

to 53% with HF and 32 to 55% with DC were found for PSP compared to AC. For 

CCD no dose savings were apparent, demonstrating their high sensitivity. For the AC 

tube (only unit combined with fillm, serving as a reference), digital PSP systems 

allowed 15-51% dose saving compared to film, depending on the accuracy level 

chosen.  This is even higher when using CCD sensors (75-90%). The latter allowed 

71-79% dose savings compared to PSP, but when using HF or DC these savings are 

decreased to approximately 50% for 0.5 mm accuracy and no dose savings at 1 mm 

accuracy.  

 
Table 2.3: Skin dose comparisons for AC, HF and DC units in combination with Film, PSP 
and CCD at an accuracy of 0,5 and 1 mm. Relative dose savings for PSP were 
approximately 27-53% when using HF versus AC and 32-55% when using the DC tube. No 
apparent dose saving were seen for CCD sensors (lowest exposure times for the three tubes 
seemed to deliver adequate accuracy) showing their high sensitivity. The use of a digital 
system reduces the skin dose needed for accurate measurements (only AC combination with 
Film was present), but for all tube types at a 0.5 mm accuracy especially CCD sensors 

Figure 2.6:   A) Skin dose measurements at rising exposure times for the three x-ray 
tubes: Trophy IRIX 70 AC, Planmeca Prostyle-Intra HF and Soredex Minray DC. The 
corresponding waveforms (µGy/s) for the three tube types including kV generation are 
indicated by color-coded borders (upper right=AC, lower left=HF, lower right=DC). 
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allowed further dose savings (ca. 50%) compared to PSP. The [x] represents missing 
combinations. 
Accuracy Receptor AC HF DC Dose savings 
  mAs microGy mAs microGy mAs microGy  
0.5mm Film 1.28 529.2 x x x x / 
 PSP 0.64 257.4 0.32 187.7 0.28 176.3 27-32% 
 CCD 0.16 54.5 0.16 90.2 0.14 86.7 none? 
   51-90%  52%  51%  
         
1mm Film 0.64 224.1 x x x x / 
 PSP 0.48 190.9 0.16 90.2 0.14 86.7 53-55% 
 CCD 0.16 54.5 0.16 90.2 0.14 86.7 none? 
      15-76%   none   none   

 
Subjective quality evaluation 

Figure 2.7 shows the mean scores for all groups plotted by exposure time for 

the lamina dura ratings. For the four other subjective ratings, the pattern of results 

was similar to these ratings. A significant positive relation was observed between 

exposure level and subjective rating.  

 

Statistical comparisons between groups are summarized per observer in Table 2.4. 

Irrespective the type of rating and observer, the observed subjective rating was the 

highest for DC and the lowest for AC. For all variables, the observed subjective rating 

was significantly higher for DC compared to AC for all observers. DC was only scored 

significantly higher than the HF unit for lamina dura delineation and trabecular pattern 

depiction, and only by observer 1. HF was only scored significantly higher than AC 

for crater and furcation visibility by two observers. 

Figure 2.7:    For the 
lamina dura, the means of 
the ordinal scores of each 
group are plotted by the 
exposure time, which is 
recalculated from mAs, if 
mA were equal to 7. The 
remainder subjective 
criteria produced similar 
graphics. 
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Table 2.4: Comparisons of the subjective quality rating of lamina dura visibility (LD), 
trabecular depiction (BQ), contrast perception (C), crater (CR) and furcation (FU) visibility. 
The results are based on the proportional odds model. The significant differences in bold 
indicate a greater accuracy for the second group versus the first.  
    LD BQ C CR FU 
Obs1 AC vs HF p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 
 AC vs DC p<0.005 p<0.005 p<0.05 p<0.05 p<0.05 
 HF vs DC p<0.05 p<0.05 p>0.05 p>0.05 p>0.05 
Obs2 AC vs HF p>0.05 p<0.05 p>0.05 p<0.05 p<0.005 
 AC vs DC p<0.005 p<0.05 p<0.05 p<0.005 p<0.005 
 HF vs DC p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 
Obs3 AC vs HF p>0.05 p>0.05 p<0.05 p<0.05 p<0.05 
 AC vs DC p<0.05 p<0.005 p<0.0005 p<0.005 p<0.0005 
  HF vs DC p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 

 

When considering a minimum ordinal score of 2 (=medium visibility) for all 

variables, dose reductions were comparable with those of the bone level 

measurements (Table 2.5). Lower exposure times were found when using the HF or 

DC unit compared to AC, but not for contrast perception using CCD sensors. Dose 

savings (approximately 50%) were demonstrated when using the latter compared to 

PSP for lamina dura and bone quality ratings but not for crater and furcation visibility, 

except using the AC tube. For contrast perception however, the opposite was found 

for HF and DC tubes. 
Table 2.5: Skin dose 
comparisons for AC, 
HF and DC units in 
combination with 
Film, PSP and CCD 
at an ordinal score of 
minimum 2 
(=medium visibility). 
The same trend is 
seen as with the 
bone level 
measurements for 
most variables. For 
contrast perception 
using HF or DC with 
CCD sensors*, care 
should be taken 
since PSP allows 
lower exposure 
times for similar 
radiographic contrast 
perception. Relative 
dose reductions are 
indicated in bold. 

Variable Receptor AC HF DC 
Dose 

savings 
  mAs µGy mAs µGy mAs µGy  
LD Film 1.28 529.2 x x x x  
 PSP 0.64 257.4 0.32 187.7 0.28 176.3 27-32%
 CCD 0.32 133.3 0.16 90.2 0.14 86.7 32-35%
   48-75%  52%  51%  
BQ Film 0.96 444.6 x x x x  
 PSP 0.64 257.4 0.32 187.7 0.28 176.3 27-32%
 CCD 0.48 190.9 0.16 90.2 0.14 86.7 53-55%
   26-57%  52%  51%  
C Film 1.28 529.2 x x x x  
 PSP 1.28 529.2 0.32 187.7 0.28 176.3 65-67%
 CCD 0.64 257.4 0.48 288.9 0.42 257.8 none? 
   0-51%  -35%*  -32%*  
CR Film 0.96 444.6 x x x x  
 PSP 0.96 444.6 0.32 187.7 0.28 176.3 58-60%
 CCD 0.64 257.4 0.32 187.7 0.28 176.3 27-32%
   0-42%  none  none  
FU Film 1.28 529.2 x x x x  
 PSP 0.96 444.6 0.32 187.7 0.28 176.3 58-60%
 CCD 0.64 257.4 0.32 187.7 0.28 176.3 27-32%
      16-51%   none   none   
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DISCUSSION 
 

For the first variable, x-ray generator type, significant differences between 

measurement accuracy using the AC versus HF or DC tube were found at low 

exposure times (between 20 and 80 ms). The HF compared to DC tube was found to 

produce similar accuracy however with a significant difference at very low exposure 

times (between 20 and 40 ms). However, this is only true for PSP systems. Solid-

state sensors allowed accurate measurements of periodontal bone levels using the 

lowest exposure times for all three tubes (see Table 2.3). This is mainly due to the 

high sensitivity of these sensors, but may also partially be explained by the inability to 

investigate lower tube settings. The AC tube namely revealed large deviations in 

measured exposure time at low settings (<100 ms) which resulted in the lowest 

measured dose between the tubes at 20ms. This still demonstrated adequate 

accuracy of periodontal measurements and may thus also be the case when lowering 

HF or DC tubes to this dose level. The differences between tubes for PSP sensors 

are directly reflecting the beam quality produced by the different tubes, where low 

exposure times produced fewer high energy photons for AC (see Figure 2.6). The HF 

unit only needed a small "heat up" time to obtain the desired potential (and further 

behave similar to a constant potential or DC unit with small ripple).  

In current literature, no clinical research has been conducted to investigate the 

use of HF or DC tubes. McDavid et al (1982) and Helmrot et al (1994) described 

dose reductions of respectively 26% and 35-40% when using a DC unit in stead of a 

conventional AC one, without loss of radiographic contrast. These studies were 

physical performance tests using phantoms and do not take into account the receptor 

and its sensitivity profile. In our study, we could see that accuracy and associated 

dose savings increased from AC to HF and DC, but only for PSP. Accuracy was 

determined by bone level measurements deviating from a gold standard. The 

clinically acceptable deviation for bone loss measurements has been reported -when 

using a correct standardized radiographic set-up to be less than 1 mm or even up to 

0.5mm (Mol 2004). Considering respectively 1 mm and 0.5 mm deviation, dose 

savings of 53-55% and 27-32% were found for PSP receptors when using HF or DC 

units in stead of AC. These percentages were in the same range or a bit higher than 

the mentioned laboratory studies, but also considered the effect of digital sensors (in 
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stead of conventional film). In this way, for solid-state sensors (CCD) no apparent 

dose savings were found, in contrary to PSP receptors. 

This brings us to the second variable, the image receptor type, which by itself 

helps in further dose reductions. For this variable, some studies –however only one 

for periodontal diagnosis (Borg et al 1997)- have explored specific exposure ranges 

(Borg & Gröndahl 1996, Hayakawa et al 1996, Borg et al 2000, de Almeida et al 

2003, Berkhout et al 2004, Bhaskaran et al 2005, Vandenberghe et al 2008). Borg & 

Gröndahl (1996) described the wide exposure latitude of PSP systems compared to 

solid-state sensors, although the latter demonstrated better resolution and require 

less radiation dose. Berkhout et al (2004) found 30-70% dose reduction with solid-

state sensors and 50% with PSP systems when using an older multi-pulse x-ray 

generator type. In this report, we found 15-51% dose savings for PSP receptors and 

76-90% for solid-state sensors when using the AC unit. Borg et al (2000) used a 

constant potential or DC unit, and found useful exposure ranges between 515-1800 

µGy for solid-state sensors and 180-9110 µGy for PSP systems. These minimal 

threshold doses for PSP (180 µGy) are similar to the 176.3 µGy found in this study at 

0.5 mm accuracy level (see Table 2.3). However, for CCD 515 µGy is considerably 

higher than our threshold doses with DC, being 86.7 µGy. This difference may be 

explained by the fast technological advancement over the last few years. The 

sensors used in Borg's study (2000) are older models (from 1995), while the solid-

state sensors in this study were more recently introduced (having higher sensitivity 

and higher resolution, up to 20 lp/mm). Nevertheless, the difference between PSP 

and solid-state sensors was confirmed in this study with approximately 50% dose 

savings when using solid-state versus PSP receptors. At a threshold level of 1 mm, 

these savings were lost with modern tubes (HF or DC), but not with the conventional 

AC type. Furthermore, care should be given when using higher exposure times for 

solid-state sensors. Decreasing accuracy was found for CCD sensors (see Figure 2.4 

and 2.5) with even a significant difference (p<0.01) compared to PSP when using the 

AC tube (see Table 2.2). While PSP receptors showed increasing accuracy at rising 

exposure times, the contrary was found for solid-state sensors, confirming a more 

limited useful exposure range of the latter. The reason for this phenomenon may be 

found in the occurrence of blooming artefacts at high exposure times, which has also 

been reported in previous studies (Borg et al 2000, de Almeida et al 2003, Berkhout 
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et al 2004). These blooming artefacts are typically located at the alveolar crest and 

cause darkening of the bony crest, which may result in overestimation of periodontal 

bone loss (see Figure 2.3). This was also the reason why most exposure ranges, 

especially with the DC tube, were kept under 100 ms in this study for solid-state 

sensors.  

For periodontal diagnosis, not only measurement accuracy but also subjective 

evaluations of periodontal landmarks are important diagnostic criteria (Tugnait et al 

2000). For all evaluated subjective variables, the DC unit scored significantly better 

than AC. At a threshold rating of 2 (=medium visibility), dose savings were similar to 

the ones considering measurement accuracy when using HF or DC compared to AC, 

confirming the previous dose reductions. However, for CCD sensors, lower exposure 

times with HF or DC tubes did result in higher ratings. Although bone level 

measurements were possible at the previously discussed low settings, subjective 

ratings may thus prove to be insufficient. Higher settings were for instance required 

for adequate contrast perception. Nevertheless, image enhancement for contrast and 

brightness (window-levelling) was not explored in this study and may thus also alter 

the current findings (also for measurement accuracy) since small under- and 

overexposure errors might be corrected. The wide dynamic range of PSP receptors 

was also confirmed here for the contrast variable which scored better at lower 

exposure times compared to solid-state sensors (see Table 2.5). 

It must be noted that no differentiation between the different Film, PSP and 

CCD image receptors have been made in this report. These might cause small 

deviations in dose savings for a specific image receptor, but should remain in the 

same range. This more individual analysis of the current research set-up is explored 

in the next chapter. However, for every new or particular detector, the semi clinical 

research should be repeated. Or alternatively, the detectors in the present study 

could be characterized in terms of fundamental physical parameters and if a new or 

particular detector is very similar to the types used in this study, their clinical 

performance will presumably be similar. 

Lastly, since the introduction of new low dose imaging modalities in dentistry, 

like cone beam computed tomography (CBCT), optimization of current intraoral 

radiographic protocols with digital sensors becomes even more important for 

periodontal diagnosis. Modern CBCT units can nowadays image both jaws containing 



Chapter 2: the influence of x‐ray generator on periodontal measurements 
 

 51

the entire periodontal tissues at very low radiation doses. Vandenberghe et al (2008) 

found that periodontal bone level measurements were closer to the gold standard 

when using CBCT 0.4 mm slices compared to digital intraoral radiographic 

assessment and that crater and furcation depiction was more accurate using CBCT. 

A recent study from Roberts et al (2009) reported that a CBCT system only required 

39.5 µSv for this, which is close to the radiation dose of a full mouth radiographic 

examination (FMX). Ludlow et al (2008) reported the latter to be around 37 µSv when 

using F-speed film or a PSP system and Gibbs (2000) described effective doses 

even around 13-100 µSv when using E-speed film. This comparison may somewhat 

be overrated given the many other CBCT variables, but it should reflect the 

importance of the required optimization of intraoral radiographic protocols which 

should consider the many variables in the radiographic chain, most of which were 

investigated and discussed in this study. 

 
CONCLUSION 

 

The present study described the influence of x-ray generator type on the 

specific exposure settings of digital PSP and CCD sensors (in comparison to film) for 

periodontal diagnosis. Measurement accuracy of periodontal bone levels was the 

highest for DC and HF compared to the AC unit. Accepting 0.5 to 1 mm deviation, 27-

53% and 32-55% dose savings could be accomplished using respectively the HF and 

DC unit but only for PSP sensors. These results indicated the high sensitivity of solid-

state sensors (compared to PSP). For these CCD sensors, care should be given 

when using higher exposure times, since blooming effects may deteriorate image 

quality.  

 The use of a specific image receptor by itself also influenced the dose 

required for periodontal diagnosis. For each x-ray tube tested, solid-sate sensors 

allowed radiation dose reductions of approximately 50% compared to PSP, This 

depended not only on tube-type but also on the threshold level used for periodontal 

accuracy.  

For subjective ratings of lamina dura, trabecular pattern, contrast, furcation 

and crater visibility, similar results were found but the small deviations should be 

investigated in future studies where image enhancement is allowed. 
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INTRODUCTION 

 

Many laboratory studies have investigated the physical properties of digital 

sensors compared to film and described dose savings when using the digital ones 

(Brettle et al 1996, Scarfe et al 1997, Kaeppler et al 2007). Although these tests are 

very adequate for comparing inherent characteristics of a digital receptor (Araki et al 

2000, Farman & Farman 2005, Heo et al 2009), they cannot simulate the clinical 

situation given the diversity in diagnostic tasks of oral diseases. For instance, the 

spatial resolution of an image receptor may be of importance for the detection of fine 

endodontic instruments (Vandenberghe et al 2009) while it may not influence the 

detection of small carious lesions (Wenzel et al 2007). It is therefore important to 

investigate the properties of digital sensors in a clinical simulation or environment for 

specific diagnostic tasks. In addition, the radiographic chain has many variables 

which should also be included in such investigations. 

Two main variables in the chain are the x-ray generator and image receptor. In 

the previous chapter, the influence of x-ray generators (producing different 

waveforms) on periodontal measurement accuracy has been demonstrated using 

various receptors (Vandenberghe et al 2010). However, no distinction between the 

latter was made except for their main categorization: conventional film, 

photostimulable storage phosphor (PSP) plates and charged-coupled device (CCD) 

sensors. These three groups have different inherent properties like sensitivity and 

dynamic range which directly influence image quality and the associated required 

exposure time (Borg et al 2000, Berkhout et al 2004, Bhaskaran et al 2005, 

Vandenberghe et al 2010). Nevertheless, besides these major variables, other 

physical properties of digital receptors and not to forget the opportunity of image 

enhancement need also to be taken into account when establishing proper clinical 

protocols. While the receptor's spatial resolution -expressed in line pairs per 

millimetre (lp/mm)- reflects the ability to discern small details in a radiographic image, 

its contrast resolution –expressed in bit depth- reflects the amount of gray values that 

can be imaged (grayscale range), and both are important variables of the final image 

quality (Suetens 2002). Although most digital sensors have been found to perform 

well in terms of spatial and contrast resolution (Farman & Farman 2005), there is a 

discrepancy between older and newer technology where the latter now reach up to 
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20 lp/mm (pixel sizes as small as 25 µm) or 16 bit (216=65.536 shades of gray) 

contrast resolution. These differences may influence the diagnostic image quality of 

intraoral radiographs (Wenzel et al 2007, Heo et al 2008, Heo et al 2009, 

Vandenberghe et al 2009). For periodontal bone level measurements adequate 

contrast may thus be crucial for accurate visualization of the alveolar crest which can 

easily be deteriorated by blooming artefacts (Borg et al 2000, Berkhout et al 2004, 

Vandenberghe et al 2010). Furthermore, contrast resolution can often be limited by 

the resolution of the display screen and by ambient light (Hellén-Halme et al 2008) 

but also by the perception ability of the human eye (Künzel et al 2003). 

In the previous chapter (Vandenberghe et al 2010), we demonstrated the 

differences in exposure time needed when using various receptor types, with up to 

50% dose savings when using CCD sensors compared to PSP. Most studies on 

periodontal diagnosis unfortunately do not take into account the influence on 

exposure range (Eickholz et al 1999, Paurazas et al 2000, Kaeppler et al 2000, Wolf 

et al 2001, Gomes-Filho et al 2007, Jorgenson et al 2007, Li et al 2007) or make use 

of older generators (Pecoraro et al 2005, Jorgenson et al 2007). In addition, only few 

studies have described the clinical accuracy of different sensor resolutions and their 

individual influence on exposure time. One in-vitro study from Borg et al (1997) 

investigated marginal bone loss with a PSP and CCD sensor at a wide exposure 

range, but it did not describe different sensor resolutions and in addition, a high 

exposure range was used. Another study from Wenzel et al (2007) described the 

possible influence of contrast resolution on exposure time but for the detection of 

small carious lesions. Since for periodontal diagnosis no studies could be found 

researching this impact, the main aim of this report was to determine the influence of 

various image receptors on exposure parameters for the visualization of local bone 

height and for subjective rating of the image quality for periodontal evaluation. 

 

MATERIALS AND METHODS 
Periodontal analysis consisted of two main radiographic assessments. 

Measuring alveolar bone levels of an adult human dry skull and an upper and lower 

cadaver jaw was the first assessment, while the second one was the subjective 

evaluation of periodontal landmarks/symptoms including lamina dura delineation, 
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trabecular pattern depiction,  crater and furcation involvement visibility and in addition 

the evaluation of radiographic contrast.  

The maxillary and mandibular bony plates of the dry skull were covered with 

Mix D (White 1977), a solid synthetic material with similar attenuation and absorption 

properties as muscle and water, in order to simulate the soft tissues. Mix D, mostly 

containing paraffin wax and polyethylene, was heated at 180 degrees Celsius for 

plastic modeling over the jaw bones. Radiopaque gutta percha fragments were glued 

onto the buccal and oral crown surfaces in order to obtain standardized fiducials for 

alveolar bone level measurements since the cemento-enamel junctions (CEJs) were 

faded by dehydration. A central indentation in the fragment allowed not only mesial 

and distal bone level measurements but also central measurements on both buccal 

and oral sides. For the cadaver jaws, soft tissues and CEJs were preserved by fixing 

the specimens in a formalin solution. The cadavers were obtained with permission 

and ethical approval from the Department of Anatomy at the Catholic University of 

Leuven, Belgium. Upper and lower incisor, premolar and molar regions were imaged, 

giving a total of 12 regions. The gold standard (GS) of the measurements was 

obtained by physical measurements of two observers using a digital caliper 

(Mitutoyo, Andover, UK) with accuracy to the nearest 0.01 mm, prior to Mix D 

modeling for the dry skull and after radiographic exposures and flap surgery of the 

cadavers (a more detailed description can be found in our previous report) . Of the 

seventy-two gold standard measurements, thirty-one sites including linear bone loss 

and angular or infrabony defects were selected for the assessments, excluding most 

missing sites on radiographs. 

For the intraoral radiographic protocol, standardized rigid occlusal keys were 

fabricated by melting green stent over bite-blocks of aiming devices (XCP, RINN 

Corporation, Elgin, IL, USA), thus obtaining individualized teeth imprints for correct 

repositioning of the x-ray tube. The paralleling technique was used for radiographic 

exposure of conventional films and digital image receptors. For this set-up, only two 

types of x-ray generators were further considered (of the three in our previous report) 

corresponding to low and high frequency x-ray generation, namely the alternating 

current (AC) IRIX 70 tube (Trophy Radiologie, Marne-La-Vallée, France) and the 

direct current (DC) Minray tube (Soredex, Tuusula, Finland), both with 30 cm focal-

film distance and rectangular collimation. Exposure settings were 70 kVp, 7 or 8 mA  
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(DC and AC type respectively) and an exposure time range of 0.020, 0.040, 0.060, 

0.080, 0.120, 0.160 seconds for Film or PSP and 0.020 or 0.040, 0.060 and 0.080 

seconds for CCD. In addition to the radiographic assessments, the skin doses (in 

µGy) for all x-ray tubes were also measured using a Barracuda multimeter (RTI 

Electronics AB, Mölndal, Sweden) with a solid state dose detector (R100 dose probe) 

to evaluate the threshold levels where diagnostic accuracy might be insufficient (cfr 

previous report). 

 

Image receptors: conventional film, PSP and CCD 
To test the influence of image receptor and its specific properties (contrast 

resolution), periapical radiographs of the subjects (12) were taken at the various 

exposure times with 7 different image receptors using the standardized set-up (see 

Table 3.1). The conventional films used in this study were Agfa Dentus M2 Comfort 

E-speed film (Heraeus Kulzer GmbH, Dormagen, Germany) and Kodak Insight F/E-

speed film (Carestream Health, Rochester, NY). The indirect digital PSP systems 

were Digora Optime (Soredex, Tuusula, Finland), Vistascan (12 bit) and Vistascan 

Perio (16 bit) (Dürr Dental GmbH, Bietigheim-Bissingen, Germany). For the 

Vistascan 12 bit, both original and images with a dedicated periodontal filter were 

included for analysis. The direct digital CCD sensors were Sigma (Instrumentarium 

Dental, Tuusula, Finland) and VistaRay (Dürr Dental GmbH, Bietigheim-Bissingen, 

Germany) Conventional films were processed using an automatic film processor 

(XR24 Nova, Dürr Dental, Bietigheim-Bissingen, Germany) with Dürr Chemistry 

(Röntgen Spezial-Set fur Dürr Automat XR24).  

Figure 3.1: 
Standardized PSP 
radiographs of the 
cadaver left lower 
molar region at 
various exposure 
times.  Digora 8 
bit, Vistascan 12 
bit with and without 
a dedicated 
periodontal filter 
and the Vistascan 
16 bit were the 
four PSP groups 
compared. 
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Two examples of the radiographic set-up are given in Figure 3.1 and 3.2: the 

four PSP configurations (Figure 3.1) and the two CCD (Figure 3.2) systems exposed 

at increasing exposure time using the DC unit. 

 

Radiographic assessments: measurement accuracy and subjective evaluation 
  The intraoral radiographs from all possible x-ray tube, image receptor 

and exposure time combinations were evaluated by three observers specialized in 

oral imaging, during several sessions with two-day intervals in the darkened room of 

the previous chapter to prevent ambient light influence. Two training sessions were 

organized prior to the final observations for calibration of the observer measurement 

method. Conventional films were placed in film mounts (coded random order) to 

minimize surrounding light and were analyzed with countertop illuminators (Universal 

Viewer 6"x12" 240 V with magnifier, Dentsply International, York, PA, USA). The 

digital radiographs were all exported in Tagged Image File Format (TIFF) for 

observer assessment without loss of information. The blinded digital radiographs 

were imported into the Emago advanced, V.3.5.2. software (Oral Diagnostic 

Systems, Amsterdam, The Netherlands) and displayed in the darkened room of the 

previous chapter, in a random order on three standardized notebooks with 17 inch 

TFT based LCD monitors (contrast ratio 750:1) having anti-reflective layers, same 

screen resolution (1440 x 900 pixels) and contrast and brightness levels. 

Figure 3.2:  Standardized CCD radiographs of the right upper molar area from the 
dry skull (with gutta percha fragments as fiducials) at decreasing exposure times. The 
Sigma CCD 12 bit sensor and the VistaRay 14 bit CCD were the two groups included 
in the analysis. 
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For the alveolar bone level measurements, thirty-one periodontal sites were 

measured per image receptor and x-ray tube combination at every single exposure 

time. The observers measured the CEJ to alveolar bone distance using the 

measurement tools of the Emago advanced software or for the conventional films, 

using a digital sliding caliper (Mitutoyo, Andover, UK), both at accuracy to the nearest 

0.1 mm (which was the most precise setting for the digital measurements). These 

could then be compared to the gold standard. 

 For the subjective evaluations, delineation of lamina dura, crater visibility, 

furcation involvement visibility, depiction of trabecular bone and radiographic contrast 

were categorized with an ordinal scale, ranging from 0 to 3 (0=not possible to 

evaluate the criterion, 1=bad, 2=medium, 3=good). 

 

Statistical methodology 
Table 3.1 gives an overview of the number of measurements per combination 

of image receptor – x-ray tube and exposure time used in this report. For the 

conventional AC unit, 5 groups (two film types, two PSP types and one CCD sensor) 

were included in the analysis, For the more modern DC tube, 4 groups were 

distinguished for PSP and 2 for CCD. The subjective ratings consisted of only one 

measurement or rating per skull for each receptor-tube combination and exposure 

level. 
Table 3.1: Overview of image receptors used in this study and the number of periodontal 
bone level measurements made by each observer for each combination with exposure level. 
Differences between combinations are due to missing landmarks on certain radiographs. A 
total of 1732 measurements were done by each observer. 

Receptor Type 
X-ray 
Tube 20 ms 40 ms 60 ms 80 ms 120 ms 160 ms Total

Dentus M2 
E-speed 
film AC 70kV 29 29 29 29 29 29 174 

Insight 
FE-speed 
film AC 70kV 29 29 29 29 29 29 174 

Vistascan* 
12bit 
PSP 

AC, 
DC 70kV 31+ 62 31+ 62 31+ 62 31+ 62 31+ 62 31+ 62 558 

Vistascan 
perio 

16bit 
PSP DC 70kV 31 31 31 31 31 31 186 

Digora 
Optime 8bit PSP 

AC, 
DC 70kV 31+ 31 31+ 31 31+ 31 31+ 31 31+ 31 31+ 31 372 

Sigma  
12bit 
CCD 

AC, 
DC 70kV 27 + 27 27 + 27 27 + 27 27 + 27 0 0 216 

VistaRay 
14bit 
CCD DC 70kV 13 13 13 13 0 0 52 

Total       311 89 311 311 244 244 1732
* images were saved and assessed both in original format and after application of a dedicated 
periodontal filter (for DC only) 
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For accuracy (absolute distance from the GS), comparisons between groups 

were made at specific mAs levels separately in the main analysis (cfr previous 

report), cast into a survival analysis framework. In addition a Cox regression model 

was used when exposure levels were common to the compared groups. Interaction 

between both was verified to determine if the differences between groups depended 

on exposure level. 

For the subjective measurements, non parametric tests were used given the 

lower number of measurements compared to the accuracy analysis. However, the 

Kruskal-Wallis test followed by the Mann-Whitney for pair-wise comparisons did not 

take into account the clustered structure of the data and p-values therefore should be 

interpreted carefully. 

In all analyses p-values smaller than 0.05 for accuracy and 0.01 for subjective 

ratings are considered significant. All analyses have been performed using SAS 

software, version 9.2 of the SAS System for Windows (SAS Institute Inc 2008). 

 
 
RESULTS 
 
Measurement accuracy 

 

Digital receptors 

 

Comparison between the PSP receptors (Digora 8 bit, Vistascan 12 bit without 

and with periodontal filter, Vistascan 16 bit) and CCD sensors (Sigma 12 bit and 

VistaRay 14 bit) revealed differences in accuracy depending on the exposure level 

(p=0.0003). As such, statements about differences between groups should take into 

account the exposure level. Figure 3.3 represents the percentage accuracy 

(percentage of measurements, y-axis) for deviations from the GS (x-axis) for the six 

groups at various exposure levels.  
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The faster the curve increases, the higher the accuracy. Hence, the lowest 

accuracy was perceived for the Digora 8 bit, which was significant with almost every 

group at almost every exposure level, but the strength was more outspoken at lower 

exposure levels. Table 3.2 summarizes the significant differences at the different 

exposure levels.  

 

Figure 3.3:   Graphic representation of the survival analysis framework: the four PSP 
groups and two CCD groups were plotted by the distance from the gold standard (x-axis) 
and the percentage of bone level measurements within these deviations (y-axis). The faster 
the curve increases for a certain group, the higher the accuracy.  
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Table 3.2: Results of the survival analysis framework with Cox regression.  The model 
compares the accuracy between various groups within ranges of exposure level. The 
significant differences in bold indicate a greater accuracy for the first group versus the 
second one, except when indicated by [*] which demonstrates greater accuracy for the 
second group. The [x] represents missing combinations. 

Exposure Time  
Receptor Group 20 ms 40 ms 60 ms 80 ms 120 ms 160 ms 

PSP 
Vistascan 12bit vs 
Digora 8bit p<0.01 p>0.05 p>0.05 p<0.05 p<0.05 p>0.05 

 
Vistascan 16bit vs 
Digora 8bit p<0.0001 p<0.01 p<0.01 p<0.001 p<0.0001 p<0.001 

 
Vistascan 16bit vs 
Vistascan 12bit p>0.05 p>0.05 p<0.05 p>0.05 p<0.01 p<0.01 

 
Vistascan 12bit + filter 
vs Vistascan 12bit p<0.001 p<0.05 p<0.001 p<0.05 p<0.01 p<0.0001

 
Vistascan 12bit + filter 
vs Digora 8bit p<0.0001 p<0.0001 p<0.001 p<0.0001 p<0.0001 p<0.001 

  
Vistascan 12bit + filter 
vs Vistascan 16bit p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 

CCD 
VistaRay 14bit vs 
Sigma 12bit p>0.05 p<0.05 p<0.05 p>0.05 x x 

PSP vs 
CCD 

Digora 8bit vs Sigma 
12bit p<0.0001* p>0.05 p>0.05 p>0.05 x x 

 
Digora 8bit vs 
VistaRay 14bit p<0.0001* p<0.05* p<0.05* p>0.05 x x 

 
Vistascan 12bit vs 
Sigma 12bit p<0.05* p>0.05 p>0.05 p>0.05 x x 

 
Vistascan 12bit vs 
VistaRay 14bit p<0.01* p>0.05 p>0.05 p>0.05 x x 

 
Vistascan 12bit + filter 
vs Sigma 12bit p>0.05 p<0.001 p<0.01 p<0.01 x x 

 
Vistascan 12bit + filter 
vs VistaRay 14bit p>0.05 p>0.05 p>0.05 p>0.05 x x 

 
Vistascan 16bit vs 
Sigma 12bit p>0.05 p>0.05 p<0.01 p<0.01 x x 

  
Vistascan 16bit  vs 
VistaRay 14bit p>0.05 p>0.05 p>0.05 p>0.05 x x 

 
For the PSP receptors, when restricting attention to ms>20 and ignoring 

possible interaction between exposure and group, there was still a significant 

difference in accuracy between the groups: 

-the accuracy of Digora 8 bit was significantly lower than for the three other 

groups (p<0.0001 compared to Vistascan 12 bit with filter and Vistascan 16 

bit, p<0.05 compared to Vistascan 12 bit); 

-the accuracy for Vistascan 12 bit was significantly lower than Vistascan 12 bit 

with filter (p<0.0001) and Vistascan 16 bit (p<0.01); 

-there was no significant difference between Vistascan 12 bit with filter and 

Vistascan 16 bit (p>0.05). 
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For the CCD sensors, when ignoring the interaction between exposure time 

and receptor groups, there was a significant difference between both groups with the 

highest accuracy for VistaRay CCD 14 bit compared to Sigma 12 bit CCD (p<0.01).  

 

Dosimetric threshold values 

 The mAs levels of the 6 groups were associated to their respective skin doses 

and plotted against their median accuracy (Figure 3.4).  
Figure 3.4: Median accuracy 
(absolute distance from gold 
standard) of the six digital 
groups plotted by entrance 
skin dose (exposure time). 
Outlying median accuracies 
(medians higher than 1) were 
given an arbitrary value of 1. 
The threshold skin dose levels 
are given in Table 4.3. 

 

 

The results from our previous report were confirmed where accuracy increased for all 

PSP receptors at rising exposure times and remained constant for the CCD sensors. 

Table 3.3 shows the dosimetric threshold values at which measurement accuracy 

was within 0.5 and 1 mm deviation from the GS.  

 
Table 3.3. Dosimetric threshold values for periodontal bone level measurement accuracy at 
0.5 and 1 mm deviation from the gold standard. At 1 mm deviation accuracy, 50% lower skin 
doses were found when using systems with at least 12 bit grayscale. For 0.5 mm error 
margin, application of a dedicated filter on Vistascan 12 bit or using the Vistascan 16 bit 
seemed to allow reducing the required skin dose with approximately 50% for PSP systems, 
while the CCD sensors did not result in any apparent dose differences. This tendency was 
also seen when using the AC tube: 8 bit PSP required similar doses as the 2 film types. 
Accuracy Receptor Sub-type DC AC 
   mAs µGy mAs µGy 
0,5 mm Film Agfa E-speed  x x 0.96 444.6 
  Kodak FE-speed  x x 0.96 444.6 
 PSP Digora 8 bit 0.28 176.3 0.96 444.6 
  Vistascan 12 bit 0.28 176.3 0.32 133.3 
  Vistascan 12bit +filter 0.14 86.7 x x 
  Vistascan 16 bit 0.14 86.7 x x 
 CCD Sigma 12 bit 0.14 86.7 0.16 54.5 
  VistaRay 14 bit 0.14 86.7 x x 
        0-51%   70-88% 
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1 mm Film Agfa E-speed  x x 0.64 257.4 
  Kodak FE-speed  x x 0.64 257.4 
 PSP Digora 8 bit 0.28 176.3 0.64 257.4 
  Vistascan 12 bit 0.14 86.7 0.32 133.3 
  Vistascan 12 bit +filter 0.14 86.7 x x 
  Vistascan 16 bit 0.14 86.7 x x 
 CCD Sigma 12 bit 0.14 86.7 0.16 54.5 
    VistaRay 14 bit 0.14 86.7 x x 
        0-51%   48-79% 
 

For PSP, a 50% dose reduction could be estimated when using the PSPs with a 

dynamic range of 12 bit or higher for periodontal bone level measurements at 

maximum 1mm deviation. When considering 0.5 mm deviation as the maximal error 

margin, the same was true when using Vistascan 12 bit +filter or higher. For CCD, no 

immediate dose savings could be estimated given the high accuracy at very low 

exposure times.  

 

Digital receptors versus film (AC tube) 

Above results are confirmed when using an AC x-ray tube (see Figure 3.5) 

although the possible dose savings seemed slightly larger than with the DC tube. 
Figure 3.5: Median accuracy 
of Vistascan 12 bit PSP, 
Digora 8 bit PSP and Sigma 
12 bit CCD in comparison with 
two film speed types using an 
AC x-ray generator. The 
Digora 8 bit PSP behaved 
similar to the two film types 
while the other two digital 
receptors were more accurate 
at low exposure times. 

 

 Table 3.3 shows between 48-78% dose reduction estimates when using Vistascan 

12 bit compared to Digora 8 bit and 79-88% when using the 12 bit CCD sensor 

compared to film or PSP. The threshold skin doses for periodontal bone level 

measurements using the two films were equal to the ones of the 8bit PSP system. 

More detailed results on the effect of x-ray tube can be found in our previous report. 
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Subjective quality evaluation 
The mean scores for the PSP and CCD groups are plotted by exposure time 

for each subjective criterion in Figure 3.6.  

 

 

The p-values of the Kruskal-Wallis tests per observer for each rating are given in 

Table 3.4. For CCD no significant differences were observed for the different 

sensors. For PSP however, irrespective the type of rating and observer, the lowest 

score was systematically given to Vistascan 12 bit without filter (mostly significant 

with the other groups when using Mann-Whitney) and the highest to Vistascan 16 bit 

(mostly not significant).  

 

Figure 3.6:    For each subjective criterion, the means of the ordinal scores of each group 
were plotted by exposure time. The scores for most subjective ratings are similar for all 
groups. Non parametric tests were used to determine any differences between the groups 
(see Table 3.4). 



Periodontal diagnosis 
 

 66

Table 3.4: Kruskal-Wallis tests for subjective ratings of lamina dura (LD) and trabecular 
pattern (BQ) visibility, image contrast perception (C) and crater (CR) and furcation (FU) 
visibility for each observer. The p-values in bold indicate significant differences for PSP and 
further Mann-Whitney tests were used for pair-wise group comparison of the different PSP 
systems. 
    LD BQ C CR FU 
Obs1 PSP p>0.01 p>0.01 p<0.01 p>0.01 p>0.01 
Obs2  p<0.01 p<0.01 p<0.0001 p>0.01 p>0.01 
Obs3  p>0.01 p>0.01 p<0.001 p>0.01 p>0.01 
Obs1 CCD p>0.01 p>0.01 p>0.01 p>0.01 p>0.01 
Obs2  p>0.01 p>0.01 p>0.01 p>0.01 p>0.01 
Obs3  p>0.01 p>0.01 p>0.01 p>0.01 p>0.01 

 

When considering a 

minimum ordinal score of 2 

(=medium visibility) for all 

variables, estimated dose 

reductions were comparable to 

the ones with the bone level 

measurements (Table 3.5).  

 
 
 
 
 
 
 
 
Table 3.5: Threshold skin doses 
with a minimal ordinal score of 2 for 
the subjective ratings lamina dura 
(LD) and trabecular pattern (BQ) 
visibility, image contrast (C) 
perception, crater (CR) and 
furcation (FU) involvement visibility. 
For most ratings of PSP 
radiographs, only Vistascan 16 bit 
scored well at lower skin doses 
(approximately 50% dose savings, 
in bold). Similarly for the CCD 
sensors, most criteria seemed to 
allow lower threshold doses when 
using the VistaRay 14 bit system. 
Note that contrast perception scored 
well at the lowest threshold skin 
doses for these two systems. 

 

Variable Receptor Sub-Type DC-tube 
   mAs µGy 
LD PSP Digora 8bit 0.28 176.3 
  Vistascan 12bit 0.28 176.3 
  Vistascan 12bit + filter 0.28 176.3 
  Vistascan 16bit 0.14 86.7 
 CCD Sigma 12bit 0.28 176.3 
  VistaRay 14bit 0.14 86.7 
    0-51%
BQ PSP Digora 8bit 0.28 176.3 
  Vistascan 12bit 0.28 176.3 
  Vistascan 12bit + filter 0.28 176.3 
  Vistascan 16bit 0.14 86.7 
 CCD Sigma 12bit 0.28 176.3 
  VistaRay 14bit 0.28 176.3 
    0-51%
C PSP Digora 8bit 0.28 176.3 
  Vistascan 12bit 0.56 343.9 
  Vistascan 12bit + filter 0.28 176.3 
  Vistascan 16bit 0.14 86.7 
 CCD Sigma 12bit 0.42 257.8 
  VistaRay 14bit 0.14 86.7 
    0-75%
CR PSP Digora 8bit 0.28 176.3 
  Vistascan 12bit 0.42 257.8 
  Vistascan 12bit + filter 0.28 176.3 
  Vistascan 16bit 0.28 176.3 
 CCD Sigma 12bit 0.28 176.3 
  VistaRay 14bit 0.14 86.7 
    0-66%
FU PSP Digora 8bit 0.28 176.3 
  Vistascan 12bit 0.56 343.9 
  Vistascan 12bit + filter 0.28 176.3 
  Vistascan 16bit 0.28 176.3 
 CCD Sigma 12bit 0.28 176.3 
  VistaRay 14bit 0.28 176.3 
        0-49%
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DISCUSSION 
 

For the PSP systems, when ignoring the possible interaction of exposure time 

intervals and investigating all radiographic measurements (for 20 to 160 ms), 

significant differences were found between the four PSP types namely Digora 8 bit, 

Vistascan 12 bit, Vistascan 12 bit + filter, Vistascan 16 bit. When considering 

exposure time as a contributing factor, significant differences were still found (see 

Table 3.2) where the highest accuracy was perceived for Vistascan 12 bit + filter and 

Vistascan 16 bit. Therefore, when plotting the results by the actual skin dose (see 

Table 3.3 and Figure 3.5), a 50% lower dose could be estimated when using 

Vistascan 12 bit + filter or Vistascan 16 bit for a measurement error within 0.5 mm 

deviation. When setting the threshold value at 1 mm deviation, again 50% dose 

reduction was seen but this time already when using the 12 bit system or higher 

compared to 8 bit. This indicated that contrast resolution may play an important factor 

in the detection of periodontal bone height. Wenzel et al (2007) investigated the 

influence of bit depth of PSP systems on caries diagnosis and did not seem to find 

any significant differences when using higher bit depths. However, this study 

described classification of caries rather than bone level measurements and extracted 

teeth were used as simulation. No earlier studies could be found describing this for 

periodontal diagnosis.  

For the CCD systems, significant differences were found between the two 

groups being Sigma CCD 12 bit and VistaRay CCD 14 bit, with highest accuracy for 

VistaRay CCD 14 bit, especially at higher exposure times. However, this did not 

translate in any form of dose savings given the already high accuracy of these solid-

state sensors at very low exposure times. It did again indicate that contrast resolution 

may influence accuracy in the detection of local bone height. Heo et al (2008) 

examined the influence of CCD sensor bit depth in determination of endodontic file 

positioning and found that 12 bit images were preferred over 8 bit images. No other 

studies to our knowledge have investigated higher bit depths with solid-state sensors.  

When comparing the use of PSP plates to CCD sensors for these specific 

periodontal diagnostic tasks, it was found that 50% lower doses were achievable 

when using the 12 or 14 bit CCD sensors compared to PSP 8 bit, (1 mm deviation 

error margin), but none when using higher PSP bit depths. In our previous report 
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(Vandenberghe et al 2010), no dose reduction was found when comparing PSP to 

CCD sensors using a DC tube, but no distinction between different contrast 

resolutions was made. Therefore, this higher contrast resolutions often attributed to 

newer technology should be considered for exposure guidelines of digital systems. 

These results were confirmed when comparing the PSP groups to conventional films 

using an AC tube (see Figure 3.5). Here, the Digora 8 bit PSP behaved like the two 

conventional film types (see Table 3.3) and thus no apparent dose savings could be 

seen when using this PSP system compared to conventional film. The 32-56% dose 

reduction of PSP compared to film in our previous report was therefore also 

dependent of the PSP resolution (Vandenberghe et al 2010). It must be noted that 

the median accuracy in Figure 3.4 and 3.5 was mostly higher for the PSP systems 

than the solid-state sensors.  

Although contrast resolution may thus influence periodontal diagnosis, other 

important parameters in the intraoral radiographic chain are the imaging software, the 

display screen resolution, ambient light (Hellén-Halme et al 2008) and the resolving 

power of the human eye. While standard computer monitors can only image 256 gray 

shades, the human eye can also only discern approximately 10 lp/mm or 60 shades 

of gray at once without any aids (Künzel et al 2003). When using higher bit depths, 

the acquired information can still be imaged using image enhancement algorithms. In 

addition, medical displays or newer high resolution non-medical computer displays 

can also image more gray shades (Kimpe et al 2007). In this study, evaluation of 

digital images was standardized with same ambient light conditions, while images 

were exported at maximal bit depth in a standard software for radiographic 

assessments on LCD monitors with same screen resolution (1440 x 900 pixels) and 

brightness settings. Unfortunately, the screens in this study could only display 8 bit 

and window-level adjustments were not allowed (except the application of the 

dedicated periodontal filter for Vistascan 12bit). However, for most sensors, prior to 

display of the radiographic image and right after image acquisition, manufacturer 

defined pre-processing algorithms may already influence the actual display of the 

radiograph in the accompanying software. This can explain why higher accuracies 

were observed at higher bit depth in this study without the use of window-level 

functions. Also, when the Vistascan 12 bit images were processed with a dedicated 

periodontal filter, higher accuracy was perceived comparable to the one of Vistascan 
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16 bit PSP plates. Baksi (2008) found that enhanced PSP images provided better 

visibility of periodontal structures but resulted in comparable measurement accuracy. 

However, no details on filter or contrast resolution of the PSP system used were 

provided. It may well be that dedicated filtering thus only influences accuracy when 

using higher bit depths. Eickholz et al (1999) and Wolf et al (2001) also did not find 

any significant differences when using digital enhancement, although they used 

digitized conventional films with a 10 bit flatbed scanner. Li et al (2007) also did not 

find any differences for bone level measurements using enhanced images but 

exposure time was fixed and additional information is lacking. Further studies should 

therefore investigate the influence of image processing, especially when using 

smaller bit depths.  

For the subjective ratings of the digital radiographs, the variables lamina dura 

visibility, trabecular pattern depiction, contrast perception and furcation and crater 

involvement visibility seemed to score alike and were comparable to the accuracy 

measurements. No significant differences were found for CCD but for PSP the lowest 

scores were given to the Vistascan 12 bit, which is different from the accuracy 

measurements where Digora 8 bit scored the least. However, non parametric tests 

do not take into account the clustered datasets used in this study and only careful 

assumptions could be made. In general, all receptors score well for the subjective 

criteria and a threshold level of 2 on a 3-point rating scale is too limited for accurate 

statements. 

Lastly, it is crucial to respect the ALARA (as low as reasonably achievable) 

principle for periodontal diagnosis especially since it is a discipline where often 

radiographs or full mouth series (FMX) are required from the patient. The added 

value of two-dimensional intraoral radiographs for periodontal diagnosis is still often 

questions in literature (Müller & Eger 1999, Tugnait et al 2000, Mol 2004) and 3D 

modalities have proven to be of significant help when assessing crater and furcation 

involvements (Vandenberghe et al 2008, Walter et al 2009). The low dose of the 

latter (Roberts et al 2009) is often even lower than an FMX using E-speed film or 

when using incorrect radiographic techniques (Gibbs 2000, Ludlow et al 2008). 

Therefore, even though many different technologies are overwhelming the dental 

market, it is still outermost important to establish digital intraoral radiographic 

guidelines. 
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CONCLUSION 
 

This study is the second part of a comprehensive in-vitro study assessing 

periodontal bone level measurement accuracy and subjective image quality using 

different x-ray generators and image receptors. In the first report, the influence of x-

ray generator on specific exposure settings for conventional and digital sensors has 

been described. In this second study, the influence of the type of image receptor on 

exposure levels for periodontal diagnosis was described. 

 It can be concluded from these results that the type of PSP or solid-state 

sensor itself played an additional role in the radiographic diagnosis of bone loss. For 

PSP, 50% dose savings could be estimated when using high contrast resolution 

systems starting at 12 bit. The use of a dedicated periodontal filter did seem to 

deliver higher measurement accuracy. The highest accuracy was perceived for 

Vistascan 16bit where 100% of the measurements were within 0.5 mm deviation. For 

CCD, the highest accuracy was found for VistaRay 14 bit, where 100% of the 

measurements were within 0.5 mm deviation. No dose savings could be estimated 

between the two solid-state sensors given their high accuracy at low exposure times. 

The findings seemed to indicate that higher contrast resolution may play an important 

role in alveolar crest depiction and bone level measurements. 
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INTRODUCTION 

 

Intraoral radiographs are often a necessary adjunct in the diagnosis of 

periodontal diseases regarding extent estimation of alveolar bone loss and 

visualization of important structures like periodontal ligament space, lamina dura or 

trabecular pattern (Tugnait et al 2000, Mol 2004, Bragger 2005). However, the 

outcome of this radiographic evaluation is not only depending on exposure 

parameters but also on image receptor type and viewing conditions (Borg et al 1996, 

Brettle et al 1996, Borg et al 2000, Pfeiffer et al 2000, Berkhout et al 2004, 

Bhaskaran et al 2005, Wenzel et al 2007, Hellén-Halme et al 2008, Heo et al 2008, 

Heo et al 2009, Vandenberghe et al 2009). Accuracy of alveolar bone level 

measurements on conventional or digital radiographs has been found to lie within 1 

to 2 mm deviation (Pepelassi & Diamanti-Kipioti 1997, Eickholz & Haussman 2000, 

Pecoraro et al 2005), the latter resulting in similar (Borg et al 1997, Pecoraro et al 

2005, Hendriksson et al 2008) or greater accuracy (Kaeppler et al 2000, Jorgenson 

et al 2007, Li et al 2007). This discrepancy in literature is most likely due to the many 

variables in the radiographic chain, the limited standardization of previous studies 

and the continuously improving technology. Only one of these studies actually 

investigated a range of exposure times for alveolar bone level measurements (Borg 

et al 1997). In addition, no studies could be found investigating beam energy on 

periodontal bone measurements. These factors are crucial though since they directly 

influence radiographic contrast (Curry et al 1990, Frederiksen 2004).  For caries 

diagnosis, Svenson and Petersson (1991) have demonstrated no significant 

difference in diagnostic accuracy between premolars and molars using conventional 

films exposed at varying tube voltages, although accuracy increased for molars at 

higher kilovoltage (kV). Similarly, the alveolar crest and the associated accuracy of 

alveolar bone level measurements may be influenced by different tube voltages since 

the thickness of the alveolar crest is variable and often affected by small changes in 

mineral bone density. Furthermore, when considering possible dose savings 

especially when using digital sensors, laboratory studies have suggested acceptable 

image quality at a wide range of kV settings (Goshima et al 1996, Hayakawa et al 

1996, Kitagawa & Farman 2004).  



Chapter 4: The influence of tube potential on periodontal measurements 
 

 73

The purpose of the present study was to investigate the possible influence of 

two different tube voltages on the measurement accuracy of alveolar bone levels 

using a digital photostimulable storage phosphor (PSP) system (intraoral digital 

phosphor plates). 

 

MATERIALS AND METHODS 
 

Two human skulls containing multiple bone loss sites (including irregular crater 

patterns) were obtained with permission from the Department of Anatomy (Katholieke 

Universiteit Leuven, Leuven, Belgium) and selected for this study. The first skull was 

obtained from an adult cadaver head with soft tissues, both upper and lower cadaver 

jaw were fixed in a 10% formalin solution. The second subject used was a dry adult 

skull covered with custom-made soft tissue simulation. The latter consisted of melted 

paraffin wax, Mix D, having similar attenuation properties to human soft tissues 

(White 1977), and which was modelled over the maxilla and mandible (see Figure 

4.1).  

For alveolar bone level assessments, measurements 

from the cemento-enamel junction (CEJ) to the 

alveolar crest were chosen for the cadaver jaws, but 

gutta percha fiducials were glued onto the dry skull's 

teeth since dehydration of the CEJ could increase 

observer errors in identifying the measurement 

landmark. Small fragments with a central indentation 

were thus glued onto the labial and palatal/lingual 

surfaces of the teeth so their end- or midpoints could 

be used for mesial and distal or central bone level 

measurements. Physical measurements of the 

alveolar bone levels around each subject's teeth 

(mesial and distal, both oral and buccal) were 

obtained by two observers (department of oral 

imaging) using a digital sliding calliper (Mitutoyo, 

Hants, UK) at the nearest 0.01 mm accuracy. This 

was done prior to soft tissue simulation and 

 
Figure 4.1: A) Radiographic 
protocol of the dry adult 
skull. The soft tissues were 
simulated with synthetic 
material (in white), bone loss 
fiducials were introduced 
made from gutta percha 
fragments and rigid occlusal 
imprints ensured 
reproducibility. B) Maxillary 
cadaver jaw with formalin 
fixed tissues. 
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radiographic exposure for the dry skull, but after radiographic exposure and flap 

surgery for the cadaver jaws. The observer's averaged measurements could then 

function as the gold standard (GS) for the radiographic evaluations.  

Standardized periapical radiographs were made using a PSP receptor 

(Vistascan, Dürr Dental GmbH, Bietigheim-Bissingen, Germany) and a multipulse x-

ray generator (Prostyle Intra, Planmeca Oy, Helsinki, Finland) at two different kV 

settings (63 and 70 kV), 8 mA, decreasing exposure times (160 ms, 120 ms and 80 

ms) and 30 cm focal-film distance. Reproducible projection geometry was ensured by 

utilizing the paralleling technique with aiming devices and bite blocks (XCP, RINN 

Corporation, Elgin, IL, USA) individualized with waxed imprints of the teeth. For each 

jaw region (front-premolar-molar), the bite blocks were covered with heated green 

thermoplastic impression compound (Green Sticks, Kerr Corporation, Orange, CA, 

USA) for imprinting of the occlusal patterns. A mechanically interlocking rectangular 

(4 cm x 3 cm) collimator (Universal Collimator, RINN Corporation, Elgin, IL, USA) 

was mounted onto the tube 

end. A total of 72 radiographs 

(3 exposure times x 2 kV 

settings x 12 periapical skull 

regions) were thus obtained 

from the skull jaws for this 

study. Imaging plates were 

read out using the Vistascan 

laser scanner (Dürr Dental 

GmbH, Bietigheim-Bissingen, 

Germany) at high resolution 

(20 lp/mm), erased using the 

strong illumination unit, and 

exported in Tagged Image 

File Format (TIFF) for 

randomization and evaluation 

with Emago advanced, 

V.3.5.2. image analysis 

software (Oral Diagnostic 

Figure 4.2: Standardized PSP radiographs of the dry 
skull's mandibular molar region. The images were 
obtained using two different tube voltages, 63 kV and 70 
kV, at decreasing exposure times. 
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Systems, Amsterdam, Netherlands). An example of the radiographic set-up is given 

in Figure 4.2. 

  Thirty-two periodontal bone loss sites, including infrabony defects and 

furcation involvements, were chosen for the radiographic measurements and 

assessed by three observers specialized in oral imaging, after three calibration 

sessions. Alveolar levels were measured with the software tools to the nearest 0.1 

mm, in a room with reduced ambient light, on three 17 inch LCD monitors having 

antireflective layers and same screen resolution (1440 x 900 pixels). Contrast and 

brightness settings were set to similar percentages. No image enhancement tools 

were allowed to adjust the images. Furthermore, the observers were asked to provide 

subjective ratings of lamina dura delineation, depiction of trabecularization, contrast 

perception and crater and furcation involvement visibility, using an ordinal scale from 

0 to 3 (1 = bad, 2 = medium, 3 = good, 0 = not possible to properly evaluate the 

variable). 

 

Statistical analysis 
In total, 192 radiographic measurements per observer were compared to the 

gold standard. A 15% repeat of measurements (n=32) was done at a 1 week interval. 

Measurement consistency between and within observers was determined. The 

absolute differences (radiographic measures-physical measures (GS)) from the 3 

observers were then averaged for further analysis. Multiple regression analysis of the 

dependent variable periodontal bone measurement and independent variables kV 

and exposure time was carried out at a significance level of 5%.  For the subjective 

measurements, non parametric statistics were used given the ordinal nature of the 

data. The variables kV and exposure time were analyzed by a Friedman ANOVA test. 

All statistical analyses were carried out using SPSS V.13.0. statistical software 

(SPSS Inc., Chicago, IL, USA) and MedCalc v.9.3.2 (MedCalc Software bvba, 

Mariakerke, Belgium). 

 
RESULTS 
 

Measurement accuracy 
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Inter-observer consistency of the 192 periodontal bone measurements was 

determined and the reliability analysis demonstrated an intraclass correlation 

coefficient (ICC) of 0.959 (95% confidence interval (CI) with 0.948 and 0.968 as 

upper and lower bound respectively). Since high correlation was found, the 

measurements between observers could be averaged for further analysis. No intra-

observer effect was found when comparing the 15% repeat of measurements 

(ICC=0.956, 0.912 – 0.979 at 95% CI). 

Table 4.1 shows the descriptive statistics of the absolute differences from the 

GS for the different variables.  Measurement deviations ranged from 0.00 to 2.00 mm 

from the gold standard. The standard deviation (SD) for all variables was found to be 

consistent. The bar chart of the absolute differences in Figure 4.3 revealed a similar 

pattern for both kVs and although mean deviations seemed to decrease at rising 

exposure time, this effect was only minimal since the mean's range was smaller than 

0.1 mm. 

 
Table 4.1: Descriptive statistics of the periodontal bone level measurements (in mm) for the 
variables kV (irrespective exposure time) and exposure time (irrespective kV).  
  kV Exposure time 
Descriptives kV 63 kV 70 80 ms 120 ms 160 ms 
Sample-size 96 96 64 64 64 
Minimum 0.00 0.00 0.00 0.00 0.00 
Maximum 1.97 2.00 1.80 2.00 1.97 
Mean 0.44 0.44 0.47 0.45 0.41 
95% CI  0.373 - 0.505 0.374 - 0.515 0.385 - 0.54 0.360 - 0.530 0.327 - 0.501
Standard Deviation 0.33 0.35 0.32 0.34 0.35 
CI=confidence interval of the mean 

 

 

Figure 4.3: Bar chart for 
the absolute differences 
(abs diff in mm, y-axis) 
of the radiographic 
measurements from the 
gold standard. The 
means and error bars at 
a 95% confidence 
interval (CI) are shown 
for the different 
exposure times (ms), 
clustered by the two kV 
settings (x-axis). 
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The multiple regression equation revealed no significant influence of the 

independent variables kV (63 and 70) (P = 0.915) and exposure time (80 ms, 120 

ms, 160 ms) (P = 0.382) on the periodontal bone measurements at a significance 

level of 5%. When ignoring exposure time, 90.3% of the 70kV measurements and 

96.8% of the 63 kV ones were within a clinically acceptable threshold level of 1 mm 

deviation (see Figure 4.4). When reducing the clinical threshold to 0.5 mm, 66.1% for 

70 kV and 66.7% for 63 kV were found to be within this limit.  Although no significant 

difference was found between the two kV settings, the curve in Figure 4.4 increases 

slightly faster for 63 kV, indicating higher but insignificant accuracy.  

 

Subjective quality evaluation 
 The results of the Friedman ANOVA test are presented in Table 4.2. The 6 

groups compared were the combinations of the two kV settings (63 and 70 kV) with 

the three exposure times (80, 120 and 160 ms). No significant differences were found 

for the subjective ratings lamina dura (P = 0.416) or trabecular pattern visibility (P = 

0.125), contrast perception (P = 0.186), crater (P = 0.953) and furcation (P = 0.156) 

involvement visibility using the different kV or exposure time settings.  

 
Table 4.2: Results of the Friedman ANOVA test for the ordinal ratings. The subjective ratings 
for lamina dura (LD), trabecular depiction (BQ), contrast perception (CO), crater (CR) and 
furcation (FU) involvement visibility did not differ significantly for the 6 different groups (the 
two kV settings and three exposure times)  

Subj. Ratings Mean Rank (1-6) N Chi-Square Df Asymp Sig
LD 3.08 3.58 3.58 3.58 3.58 3.58 6 5.000 5 0.416 
BQ 2.33 3.25 3.25 3.75 3.75 4.67 6 8.629 5 0.125 
CO 3.00 3.00 3.00 3.50 4.50 4.00 6 7.500 5 0.186 
CR 3.33 3.33 3.33 3.33 3.83 3.83 6 1.111 5 0.953 
FU 2.83 2.33 3.83 3.33 4.33 4.33 6 8.000 5 0.156 

1=70kV 80 ms, 2=63kV 80 ms, 3=70kV 120 ms, 4=63kV 120 ms, 5=70kV 160 ms, 6=63kV 160 ms 

Figure 4.4: Percentage of 
measurements (y-axis) falling within a 
specific distance from the gold standard 
(X-axis), ignoring exposure time. At least 
90% of measurements were 1mm 
deviation. A kV of 63 resulted in a 
slightly higher accuracy at this threshold 
level.   



Periodontal diagnosis 
 

 78

The bar chart from the ordinal scores of the trabecular pattern depiction variable (see 

Figure 4.5) did reveal higher scores at rising exposure times, although this was found 

to be insignificant. The same applies for the kV setting of 63 compared to 70 kV. All 

other variables had similar bar charts. 

 

DISCUSSION 
 

The main objective in this study was to determine the influence of two kV 

settings (63 kV and 70 kV) on periodontal bone level measurement accuracy using a 

digital PSP receptor. Furthermore, since exposure time directly affects radiographic 

contrast, a small range of exposure times was used to investigate this influence.  

The results of the present study revealed that no significant difference was 

found for the two kV settings, and neither for the different exposure times. Although 

no other studies have compared kV settings for alveolar bone measurement 

accuracy, our findings confirm certain laboratory studies on different tube voltages 

(Goshima et al 1996, Hayakawa et al 1996, Kitagawa & Farman 2004). These 

studies however investigated wide kV ranges for direct digital receptors rather than 

for PSP sensors, but all conclude that the sensors operate well at various kV settings 

with highest contrast at low kV settings, just like conventional film. But also some in 

vitro studies have demonstrated similar findings. De Almeida et al (2003) –using dry 

skulls and an aluminium step-wedge- studied the effect of various exposure times 

and kV settings on subjectively rated image quality of four different digital sensors 

and demonstrated no significant difference between 60 and 70 kV for the PSP 

system at a wide range of exposure times. Kaeppler et al (2007) also concluded the 

same for two tube voltages on the visibility of simulated decayed and peri-implant 

Figure 4.5: Bar chart 
for the subjective 
quality ratings of 
trabecular pattern 
depiction. Ordinal 
scores of the observers 
(y-axis) are plotted by 
exposure times (ms) 
and clustered by kV (x-
axis). 
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lesions on dry human skulls using a PSP receptor. Both mentioned studies were 

based on subjective ratings though, but this is similar to our secondary findings, the 

subjective ratings for lamina dura, trabecular pattern, contrast, crater and furcation 

involvement visibility, which scored alike for both tube voltages. Our results do 

suggest a small preference for the 63 kV setting, for both measurement accuracy 

(defined as bone level measurement from the gold standard) and subjective ratings, 

although this was not significant. Helmrot et al (1994) found that when using 

multipulse x-ray generators or faster films, degradation of radiographic contrast is 

seen and may need a 5 to 8 kV decrease for counteracting this phenomenon. Since 

digital receptors are often more sensitive than conventional films, this may play a 

role, especially at very low exposure times. Further research is thus needed since the 

minimal exposure time used in this study was 80 ms. 

Although there may be some confusion on what the clinically acceptable 

deviation for bone loss measurements may be, it has been reported that 0.5-1 mm 

deviation should be accomplished when using a correct standardized radiographic 

set-up (Tugnait et al 2000, Mol 2004, Bragger 2005). When considering a 1 mm 

deviation, 90.3% and 96.8% of the measurements in this study for respectively 70 

and 63 kV fell within this range, which is similar to other studies (Pepelassi & 

Diamanti-Kipioti 1997, Eickholz & Haussman 2000, Pecoraro et al 2005). Also the 

excellent intra- and inter-observer consistency found were indicative of an adequate 

measurement method. However, the limitations in this study were the use of a single 

digital receptor and a limited exposure range. Further studies thus need to be 

conducted investigating tube voltage influence on measurement accuracy at lower 

exposure times and using PSP as well as direct digital receptors. Finally, also newer 

detector technology having higher bit depths -which theoretically would allow higher 

contrast levels- and/or higher screen resolutions may further improve the accurate 

depiction of the alveolar crest or other important dental tissues. 

 

CONCLUSION 
 

This study demonstrated no significant difference between radiographic 

measurements of periodontal bone levels on digital PSP radiographs made with two 

different tube voltages, 63 or 70 kV. When decreasing exposure time from 160 ms to 
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120 ms or 80 ms, no significant difference between these voltages was either found. 

For subjective ratings of lamina dura, trabecular pattern, crater and furcation 

involvement visibility or contrast perception, similar findings were found. 

 


