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Abstract

Purposes: 1. to measure Gingival Thickness (GT) both directly and with CBCT using various exposure times, and compare them. 2. to compare hard tissue 
measurements between different exposure times within each CBCT system. The study hypothesis was that accuracy of CBCT GT measurement is impaired when reducing 
exposure time. Methods: 8 fresh pig maxillae were utilized for each of two CBCT scan systems (SysA and SysB). Eight disposable dental needles were inserted into 
the gingival tissue of each jaw until reaching resistance from the underlying bone. A mark on each needle at its entrance point into the soft tissue was created using 
a permanent marker. Jaws were scanned twice, using low (RadL) and high (RadH) exposure times. The needles were extruded, and an electronic caliper was used to 
measure the length of the penetrated portion of the needle in mm (Cli). Radiographic GT was measured on cross sectional images, produced in the axial direcion of the 3D 
location of the needles (Rad) in two software systems (R and I). Descriptive statistics, t-test and ANOVA were performed. Signifi cance was set at 5%. Results: Software I 
mean Cli was 2.22mm ±  0.54mm, RadL and RadH were 2.34mm ±  0.47mm and 2.34mm ±  0.52mm. Software R RadL and RadH were 2.16mm ±  0.50mm and 2.23mm ±  
0.49mm, respectively. Using pairwise comparisons, both soft and hard tissue RadL and RadH were not statistically different. There was a good correlation between clinical 
and radiographic measurements of gingival thickness and essentially no signifi cant difference between higher and lower radiation doses. Conclusions: Reducing CBCT 
radiation may be possible without affecting accuracy of radiographic gingival thickness measurements , thus opening the way to a wider utilization of CBCT in dentistry.

Clinical relevance: Reducing radiation dose may enable a wider utilization of CBCT in dentistry.
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Abbreviations

3D: Three Dimensional; ANOVA: Analysis of Variance; 
CBCT: Cone Beam Computed Tomography; Cli: Clinical; 
DICOM: Digital Imaging and Communications in Medicine; SD: 
Standard Deviation; Mm: millimeter; Sec: Second

Introduction

Gingival thickness is generally accepted to be associated 
with health and stability of soft and hard tissues both around 
dental implants [1,2], and around teeth, especially when 
considering orthodontic therapy [3], periodontal plastic surgery 
[4] and fi xed dental prosthesis [5]. Indeed, thickening of thin 
peri-implant keratinized mucosa by connective tissue grafting 
seems to reduce long-term recession around dental implants 
[6]. Treatment planning for soft tissue grafting requires direct 

clinical measurement of soft tissue thickness [7], which is an 
invasive and discomforting procedure; as such, alternative 
techniques may be more acceptable by patients and clinicians. 

Cone beam computed tomography (CBCT) is used for 
examination and evaluation of the dento-facial region, 
including the developing and developed dentition, dental 
caries diagnosis, periodontal and periapical assessment, 
endodontics, dental trauma, and surgical applications, such as 
dental implants [8]. Although primarily indicated for osseous 
diagnosis, the usefulness of CBCT can be expanded at no 
additional investment to soft tissue assessment and gingival 
thickness measurements in particular  [9-11]. 

CBCT incurs exposure to x-ray radiation, therefore, 
minimizing radiation dose is an essential component of its 
application [12]. CBCT systems have pre-defi ned protocols 
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using various exposure times; however, there is currently 
no data on the effect of the lower exposure setting on soft 
tissue measurements. The importance of the study lies in the 
additional benefi t to patients in using reduced radiation dose 
for soft tissue measurements alongside the principal indication 
of hard tissue diagnosis Therefore, the aim of the present study 
was to measure gingival thickness, both directly and in CBCT 
using various exposure times, and compare them. 

The study hypothesis was that accuracy of CBCT to assess 
gingival thickness is impaired when reducing the radiation dose 
by shortening exposure times. The primary aims of the study 
were: 1. to quantitatively evaluate and compare clinical (trans-
gingival) and radiographic buccal gingival thickness using 
high and low exposure protocols. 2. to evaluate radiographic 
gingival thickness measurements in two different CBCT scan 
systems. The present study focused on soft tissues, however, 
since CBCT is primarily intended for diagnosis of hard tissues, 
a secondary aim was to compare hard tissue measurements 
between different exposure times within each CBCT system in 
order to verify that lower exposure times did not negatively 
affect the accuracy of hard tissue measurements.  

Materials and methods

The study was performed on fresh pig maxillary jaws which 
were obtained from a butchery. Scanning was done using two 
commercially available CBCT systems A (SysA)1 and B (SysB)2. 
SysA radiographic data was then processed with a proprietary 
software associated with SysA3 (I) as well as a stand-alone 
software4  (R). SysB data was processed only with software R. 

As a preliminary phase, six maxillae were utilized; each 
was measured twice by the same examiner (HK) for training 
and sample size calculation.  Assuming 95% confi dence level 
(CL), relying on the equation for sample size calculation: N≥(z/
m)2×p(1−p) where N was used to describe the sample size, z 
received a value of 1.96 corresponding to the assumed 95% 
CL, while m represented margin of error, which in this case 
was approximated to be 5%, p represented the proportion 
which was assumed to be 5%; fi nally, 64 sites to be measured 
repeatedly for each experimental arm, would be needed for the 
study. 

The study was performed on eight pig maxillary jaws. Eight 
disposable dental needles (Gauge 27) in each jaw were used 

for a total of 64 sites. Needles were inserted into the gingival 
tissue of the pig maxillary jaw until reaching resistance from 
the underlying bone. A mark on each needle at its entrance 
point into the soft tissue was made, using a permanent 
marker (Figure 1). Next, the jaws were scanned twice, using 
two scan protocols, defi ned as low exposure (Rad L) and High 
exposure (Rad H) protocols. System A protocols consisted of 
8 seconds (18.54mAs, 120KVP) (RadL) and 26 sec (37.07mAs, 
120KVP) (RadH). System B protocol settings were 18 seconds 
(12.97mAs, 110KVP) (RadL) and 25 seconds (18.01mAs, 110KVP) 
(RadH). Following scanning, the needles were extruded, and 
an electronic caliper5 was used to measure the length of the 
penetrated portion of the needle in millimeters (Cli) (Figure 
2). DICOM fi les of the scans were then processed with software 
R (Figure 3).  Additional measurements were also done 

Figure 1: Disposable dental needles inserted into the gingival tissue.

Figure 2: An electronic caliper used to measure the length of the penetrated portion 
of the needle.

Figure 3: Gingival thickness measured on cross sectional images, produced in the 
3D location of the needles.

________________________________

1i-CAT 17-19™ imaging system, 120kV, 3-7 mA and 0.5mm focal spot, 3600 
rotation. Previously: I-CAT Imaging Sciences International, Inc. 2800 Crys-
tal Drive, Hat ield, PA, 19440. Currently: KaVo Kerr, 200 S Kraemer Blvd, 
Building E2, Brea, CA 92821

2NewTom VGI EVO, 75-110 kV, 1-32 mA and 0.3mm focal spot 3600 rota-
tion. CEFLA Società Cooperativa, Via Selice Provinciale N. 23/A Imola, Italy.

3iCat Vision, Imaging Sciences International, Inc. 2800 Crystal Drive, Hat-
ield, PA, 19440.

4RADIANT DICOM viewer, Medixant, Promienista 25, 60-288 Poznań, Po-
land



028

https://www.peertechzpublications.com/journals/international-journal-of-oral-and-craniofacial-science

Citation: Khateeb H, Machtei EE, Horwitz J (2022) The effect of radiation dose on CBCT measurements of maxillary gingival thickness. Int J Oral Craniofac Sci 8(2): 
026-031. DOI: https://dx.doi.org/10.17352/2455-4634.000056

using the proprietary I software for SysA only. The needles 
were identifi ed in the CBCT by adjusting the cross sectional 
view parallel to the axis of the needle. Radiographic gingival 
thickness (in millimeters) was measured on cross sectional 
images, produced in the 3D location of the needles (RadL and 
RadH). All measurements were performed twice, tabulated6 
and used for statistical analysis. Hard tissues were evaluated 
by measuring the width of cortical bone in CBCT images, using 
the location of the needle as a reference point. Hard tissue 
measurements in both exposure times were compared in each 
system. The two CBCT systems were in two separate facilities, 
therefore two separate groups of 8 jaws each were utilized for 
each CBCT system (16 jaws in total).

Statistical Analysis: Statistical analysis was performed using 
a statistical software7. Data was examined for normality using 
the Kolmogorov-Smirnov Test. Repeated measurements were 
compared using t-test. Once no signifi cant differences were 
found, their average was computed and used for descriptive 
statistics.  Analyses of variance (ANOVA) was used to compare 
the clinical and radiographic measurements. Results were 
expressed in mm as mean  ±   standard deviation (mean ±  SD).  

Results

Soft tissue measurements

SysA radiographic data were examined with softwares I and 
R. Clinical and radiographic measurements were all normally 
distributed (using One-Sample Kolmogorov-Smirnov Test). 
There were no signifi cant differences between repeated 
measurements (using t-test for repeated measurements), 
therefore, averages of repeated measurements were calculated 
and used for further statistical analyses.Average Cli was 
2.22mm ±  0.54mm. Using software I, mean radiographic RadL 
gingival thickness was 2.34mm ±  0.47mm and mean RadH 
was 2.34mm ±  0.52mm.  Software R respective measurements 
were, 2.16mm ±  0.50mm for RadL and 2.23mm ±  0.49mm. 
for RadH (Table 1). A one-way repeated measures ANOVA with 
Bonferroni adjustments revealed that Cli, RadL and RadH were 
all not statistically different (p = 0.073 and 0.067 for software I 
and software R, respectively) (Tables 2,3).

SysB radiographic data were examined with software R. 
using One-Sample Kolmogorov-Smirnov Test, clinical and 
radiographic data were not normally distributed (D =.16856, 
p = .046), however, mean, median and mode values were 
similar and graphs showed a symmetrical distribution pattern. 
Therefore, we used averages of repeated measurements for 
descriptive statistics and ANOVA. Cli was 2.27mm ±  0.54mm, 
compared to 2.17mm ±  0.49mm for RadL and 2.21mm ±  

0.49mm for RadH (Table 1). ANOVA revealed a signifi cant 
difference between Cli and RadL (p = 0.046) but not between 
Cli and RadH (p = 0.098) (Table 4).

Hard tissue measurements

Similar to the above, Sys A hard tissue measurements were 
examined with softwares I and R and Sys B data- with software 
R. All radiographic measurements were normally distributed 
(using One-Sample Kolmogorov-Smirnov Test), with no 
signifi cant differences between repeated measurements (using 
t-test for repeated measurements), therefore, averages of 
repeated measurements were calculated and used for further 
pairwise comparisons (t-test). SysA Software I RadL was 
2.31mm ±  0.55mm and RadH was 2.32mm ±  0.51mm. )p = 
0.96); while for software R RadL was 2.32mm ±  0.54mm and 
RadH 2.32mm ±  0.50mm (p = 0.99). For SysB Software R RadL 
was 2.18mm ±  0.47mm and RadH was 2.25mm ±  0.52mm (p 
= 0.71), Table 5. 

Table 1: Descriptive statistics - soft tissue measurements.

Software I System A Mean ±  SD (mm) Min-Max (mm)

Cli 2.23 ±  0.54 1.04-3.65

Rad L 2.34 ±  0.51 1.14-3.67

Rad H 2.34 ±  0.48 1.24-3.37

Software R System A    

Cli 2.23 ±  0.54 1.25-3.98

Rad L 2.16 ±  0.50 1.38-3.61

Rad H 2.23 ±  0.49 1.29-3.82

Software R System B    

Cli 2.27 ±  0.54 1.25-3.98

Rad L 2.17 ±  0.49 1.38-3.61

Rad H 2.20 ±  0.49 1.29-3.82

Table 2: SysA software I ANOVA Pairwise Comparisons.

(I) (J) 
Mean Difference 

(I-J)
Std. 
Error

p-value
95% Confi dence Interval for 

Differencea

Lower Bound Upper Bound

Cli
RadH -.113 .048 .067 -.231 .006
RadL -.116 .064 .232 -.274 .043

RadH
Cli .113 .048 .067 -.006 .231

RadL -.003 .047 1.000 -.120 .114

RadL
Cli .116 .064 .232 -.043 .274

RadH .003 .047 1.000 -.114 .120
aAdjustment for multiple comparisons: Bonferroni.

Table 3: SysA software R ANOVA Pairwise Comparisons.

(I) (J) 
Mean Difference 

(I-J)
Std. 
Error

p-value
95% Confi dence Interval for 

Differencea

Lower Bound Upper Bound

Cli
RadH -.004 .034 1.000 -.088 .080
RadL .065 .037 .265 -.027 .157

RadH
Cli .004 .034 1.000 -.080 .088

RadL .069 .030 .074 -.005 .142

RadL
Cli -.065 .037 .265 -.157 .027

RadH -.069 .030 .074 -.142 .005
aAdjustment for multiple comparisons: Bonferroni.

__________________________________
5ABSOLUTE Digimatic Caliper, Mitutoyo, 965 Corporate Boulevard, Au-
rora, Illinois 60502
6Excel, Microsoft.
7SPSS statistical software,version 27 for Windows, International Business 
Systems Corp. New Orchard Road, Armonk, New York 10504.
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Discussion

In the present study, there was a good correlation between 
clinical and radiographic measurements of gingival thickness 
and essentially no signifi cant difference between higher and 
lower doses in an experimental model consisting of pig jaws.  
Furthermore, there were no signifi cant differences between 
two softwares. Also, and equally as important, there were no 
signifi cant differences in hard tissue measurements between 
lower and higher radiation times. The study hypothesis was 
therefore refuted. 

CBCT use in the dental profession has been constantly on 
the growth in recent years, increasing patient exposure to 
radiation hazards. Therefore, the aim of reducing radiation 
doses is of increasing importance and the present study results 
present a promising opportunity. The signifi cant associations 
between soft tissue thickness and outcomes of periodontal 
treatments such as root coverage procedures [4] and implant 
therapy [13,14], highlight the importance of pre-treatment soft 
tissue assessment. CBCT is principally used for evaluating hard 
tissues but may be potentially used for non-invasive soft tissue 
evaluation as a secondary outcome. There have been several 
attempts to fi nd an alternative to the invasive trans-gingival 
needle technique with varying success. Poor to weak agreement 
was found between photo assessment, a periodontal probe 
inserted inside the sulcus; and the real thickness measured 
with a needle [15]. In a human study there were no signifi cant 
differences between a digital vernier caliper (invasive 
measurement) and ultrasonography [16], however, this 
method may be suitable only in experimental settings and not 
in clinical practice. Measuring radiographic gingival thickness 
was already shown to be accurate in a pig jaw model using a 
high-resolution high radiation dose [17]. In a study by Alves 
et al. comparing probe transparency, transgingival assessment 

(needle), photographic assessment and CT scanning in 12 
patients, the best correlation was found between the CT and 
the trans-gingival method [18]. These results are in correlation 
with our study, in which differences between Cli and Rad were 
not statistically signifi cant. In contrast, there were signifi cant 
differences between CBCT and trans-gingival measurements 
with an acupuncture needle in an ex-vivo study that evaluated 
gingival thickness on incisors in 20 porcine mandibles [10]. 
The clinical signifi cance, however, seems to be negligible (the 
mean difference CBCT-needle being 0.14mm). Efforts to reduce 
radiation dose are constantly being done in various medical 
disciplines such as orthopedics [19], trauma [20] as well as 
the dental fi eld [21].  It seems that dose reduction is usually 
achieved by amperage reduction, use of partial rotations, 
reducing the number of projections, and increasing voxel sizes, 
but seldom by kV reduction or exposure time reduction [21]. 
In a 2016 systematic review of CBCT exposure parameters, 
mixed results were reported, but in the majority of studies 
altering the exposure parameters, including exposure time, 
had no impact on diagnostic accuracy or pathology detection 
[22]. In this review soft tissue assessment was not reported. 
Also, the authors graded most of the included studies as 
having a low/very-low GRADE score [23]. Since there is a 100 
times difference in effective doses for different CBCT devices 
between the lowest and highest recommended doses [24], and 
considering all the above, further efforts should be made in 
low-dose radiation research. 

In spite of the advantage of reduced radiation caution 
should be exercised when interpreting the results of the 
present study. CBCT was performed on maxillae and not entire 
heads, therefore there was signifi cantly less interference from 
adjacent anatomical structures. Patients, differently from pig 
jaws, may have metal in dental implants and restorations, 
which produce signifi cant artefacts that may affect radiographic 
interpretation. Cheek infl ation during CBCT acquisition, 
similar to the study of Alves et al. (the patients closed their lips 
together and infl ated their mouth during the scan to move cheek 
and lips away from the jaws) may be helpful in demarcation 
and separation of the gingiva from other soft tissues, thus 
improving accuracy. Finally, considering the wide variety of 
CBCT devices and protocols, the results of the present study 
should not be directly extrapolated to other CBCT systems. 
Further studies on methods to reduce radiation dose should 
assess CBCT image quality from regarding technical image 
quality as well as the diagnostic point of view. The strenght of 
the present study is its uniform data collection while the major 
weakness is the in vitro nature of the study which excluded 
some major confounders, such as patient movement, artifacts 
that may affect clear identifi cation of gingival margins (dental 
restorations, lips, cheeks). Therefore further clinical studies 
should be performed before extrapolating the results to clinical 
practice.

In conclusion, reduction in radiation dose during CBCT scans 
may be possible without affecting accuracy of radiographic 
gingival thickness measurements and thus opens the way to a 
wider utilization of CBCT in dentistry.

Table 5: Hard tissues measurements and comparisons
Software I System A Mean ±  SD (mm) p*

Rad L 2.31 ±  0.55
0.96

Rad H 2.32 ±  0.51
Software R System A    

Rad L 2.32 ±  0.54
0.99

Rad H 2.32 ±  0.50
Software R System B    

Rad L 2.18 ±  0.47
0.71

Rad H 2.25 ±  0.52
*p-two tailed, t-test

Table 4: SysB Software R ANOVA Pairwise Comparisons.

(I) (J) 
Mean Difference 

(I-J)
Std. 
Error

p-value
95% Confi dence Interval for 

Differenceb

Lower Bound Upper Bound

Cli
RadH .069 .032 .098 -.009 .148
RadL .103* .041 .046 .002 .205

RadH
Cli -.069 .032 .098 -.148 .009

RadL .034 .040 1.000 -.063 .131

RadL
Cli -.103* .041 .046 -.205 -.002

RadH -.034 .040 1.000 -.131 .063
bAdjustment for multiple comparisons: Bonferroni.
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