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Effect of Delayed Scanning and Scanning Resolution Using
Photostimulable Phosphor Plates on Detection of
Vertical Root Fracture: In Vitro Study
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ABSTRACT Objective: Detecting vertical root fractures (VRFs) can  OZET Amag: Dis hekimliginde, dikey kok kiriklarmm (DKK) teshisi, ki-
be challenging in dentistry due to their subtle and often concealed na-  riklarin belirgin olmayan ve genellikle net olarak gériintiilenemeyen ni-
ture. This study aimed to assess the impact of varying resolutions and  teliklerinden dolay1 zor olabilir. Bu ¢alisma, fotostimiile edilebilir
delayed scanning times of photostimulable phosphor plates on the di-  plakalarin farkli ¢oziiniirliiklerinin ve gecikmeli tarama zamanlarinin
agnosis of VRFs. Can different resolutions and/or delayed scan times ~ DKK’lerin teshisi iizerindeki etkisini degerlendirmeyi amaglamaktadir.
enhance the diagnosis of VRFs? Material and Methods: In this in vitro ~ Farkli ¢oziiniirliikler ve/veya gecikmeli tarama zamanlari, DKK’lerin tes-
study, forty extracted single-rooted premolar teeth were utilized. The  hisini kolaylastirabilir mi? Gereg ve Yontemler: Bu in vitro ¢alismada,
crowns of all teeth were removed, and root canals were prepared. The 40 ¢ekilmis tek kokli premolar dis kullanildi. Tiim dislerin kronlart mine-
teeth were divided into 2 groups: 20 study teeth with VRFs and 20 teeth  sement smirindan kesilerek, uzaklastirildi ve kok kanal preparasyonlart
without VRFs. VRFs were created using an Instron machine. All tooth  yapildi. Disler, 20 DKK’li ¢alisma grubu ve 20 DKKsiz kontrol grubu
roots were positioned in the premolar region of a dry human mandible  olmak tizere 2 gruba ayrildi. DKKleri, bir Instron makinesi kullanilarak
and fixed with wax. Subsequently, periapical radiographs were taken  olusturuldu. Tiim dis kokleri, kuru bir insan mandibulasmin premolar bol-
using a parallel technique. Radiographs were scanned at 4 different  gesine yerlestirildi, mum ile sabitlendi. Ardindan, paralel teknik kullani-
times post-exposure: immediately, 30 minutes later, 2 hours later, and  larak periapikal radyograflar ¢ekildi. Radyograflar, 1sinlamadan hemen
4 hours later, and at three different resolutions: high speed, high reso-  sonra, 30 dk sonra, 2 saat sonra ve 4 saat sonra olmak tizere 4 farkli zaman
lution, and super high resolution. Statistical analyses were conducted  diliminde ve yiiksek hiz, yiiksek ¢oziiniirlik ve stiper yiiksek ¢oziintirliik
using IBM SPSS statistics 26.0. Results: Intra- and interobserver  olmak tizere 3 farkli ¢oziiniirliikte tarandi. Istatistiksel analizler IBM
agreement exhibited substantial to almost perfect ranges of agreement. ~ SPSS statistics 26.0 kullanilarak gerceklestirildi. Bulgular: Gozlemci igi
Statistically significant differences were not observed in the diagnosis  uyum, onemli derecede yiiksek; gozlemciler arast uyum neredeyse mii-
of VRFs when comparing different resolutions and scanning times.  kemmel olarak gozlendi. Farkli ¢oziiniirliiklerde ve farkli tarama zaman-
Conclusion: Varying resolutions and/or delayed scan times did not im-  larinda, DKK teshisinde istatistiksel olarak anlamli farkliliklar
prove the diagnosis of VRFs. In clinical practice, a comprehensive de-  gozlemlenmedi. Sonug: Farkli ¢oziiniirliikler ve/veya gecikmeli tarama
tection of VRFs might necessitate a combination of different imaging  zamanlari, DKK’lerin teshisini iyilestirmedi. Klinik uygulamada,
techniques, immediately scanning, optimizing resolution settings, and ~ DKK’lerin kapsamlt bir sekilde teshisi, farkli goriintiileme tekniklerinin
clinical assessment. kombinasyonunu, 1sinlamadan hemen sonra taramay1, ¢oziiniirlikk ayar-
larin1 optimize etmeyi ve klinik degerlendirmeyi gerektirebilir.

Keywords: Diagnostic imaging; root canal preparation; Anahtar Kelimeler: Tanisal goriintiileme;
in vitro study kok kanali sekillendirmesi; in vitro ¢alisma
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Detecting vertical root fractures (VRFs) in den-
tistry can be challenging due to their subtle and often
concealed nature. According to the American Asso-
ciation of Endodontists, a VRF is a fracture that runs
longitudinally along the root, originating from the
apex and extending towards the crown.' It is impera-
tive to differentiate VRFs from other clinical condi-
tions with similar symptoms.>* Clinical scenarios
involving VRFs may mimic periodontal diseases or
failed root canal treatments.! Often, a combination of
symptoms, including pain, local swelling, tooth mo-
bility, periodontal pockets, sinus tracts, abscesses,
sensitivity, pain upon percussion and palpation, and
radiographic findings such as radiolucent halos, ir-
regular or angular bone loss along the root surface,
are indicative of VRFs.* The presence of one or more
sinus formations, along with radiographic halos or J-
shaped radiolucent areas around the root fracture, is
pathognomonic for VRFs.? Early detection of VRFs
poses a challenge for oral and maxillofacial radiol-
ogy and endodontology, especially when there are no
clinical or radiographic symptoms.*

Photostimulable phosphor (PSP) plates represent
a digital imaging technology employed in dentistry.
These plates resemble traditional X-ray films but can
be used repeatedly, which makes them environmen-
tally friendly and cost-efficient.” When exposed to X-
rays, PSP plates store energy and can be subsequently
“scanned” to produce digital images.

The term “delayed scanning” refers to the time
gap between exposing the PSP plate to X-rays and
the actual scanning process. Research has explored
the impact of delayed scanning on image quality and
diagnostic accuracy.””’ It is generally observed that
immediate scanning post X-ray exposure yields the
best image quality and diagnostic outcomes. Between
exposure and scanning, there is a risk of image degra-
dation, potentially leading to reduced visibility of fine
details like root fractures.

The scanning resolution is pivotal in detecting
VRFs. Recommendations often suggest that radio-
graphs with higher spatial resolutions are more ef-
fective in revealing radiographic details.® Higher
resolutions enable the identification of fracture lines,
thereby enhancing diagnostic accuracy. Lower scan-
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ning resolutions might not capture the requisite level
of detail, possibly resulting in overlooked or misin-
terpreted fractures.

In the assessment of root fractures, periapical ra-
diography is typically the initial imaging technique
due to its high spatial resolution, cost-effectiveness,
and simplicity.*’ However, the superimposition of
images in two-dimensional radiographs can limit
fracture line visualization, occasionally necessitating
three-dimensional (3D) evaluations.'*!> Modern den-
tal imaging includes modalities like cone beam com-
puted tomography (CBCT) for detecting VRFs due
to their superior spatial resolution and 3D imaging
capabilities.!®!? CBCT offers highly detailed cross-
sectional images, proving effective in diagnosing
VRFs even in complex cases. Nevertheless, the asso-
ciated radiation dose must be considered when using
CBCT, as it delivers a higher radiation dose com-
pared to conventional X-rays or PSP plates.

This study aims to assess the impact of different
scanning resolutions and delayed scanning times of
PSP plates on the diagnosis of VRFs.

I MATERIAL AND METHODS

This in vitro study was conducted after obtaining ap-
proval from the Ethics Committee of Bezmialem
Vakif University, with an approval document num-
ber of 2779 in February, 21 2018. All procedures
strictly adhere to the principles outlined in the Dec-
laration of Helsinki. Forty extracted single-rooted
premolar teeth were utilized. Initially, all teeth un-
derwent clinical and radiological examination. Teeth
that had undergone endodontic treatment, exhibited
internal-external root resorption, had supernumerary
roots or canals, featured obliterated root canals, or
displayed calcified pulp were excluded. Teeth with
existing root fractures were also excluded.

The external surfaces of all tooth roots were
meticulously cleaned with a toothbrush to ensure no
enamel-cement fracture lines were overlooked. The
crowns of all teeth were removed at the cement-
enamel junction using a diamond disc. Root canals
were shaped using a rotating Ni-Ti Rotary system at
350 rpm and 1N force, with constant irrigation using
distilled water.
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The teeth were divided into two groups: a study
group consisting of 20 teeth with VRF, and a control
group consisting of 20 teeth without VRF. To simu-
late VRF, twenty tooth roots were individually placed
inside silicone tubes measuring 25 mm in length and
10 mm in diameter (Figure 1). The creation of VRF
was achieved using a Universal Test Machine (In-
stron, Shimadzu, Japan) (Figure 2).

Guide grooves were prepared along the enamel-
cement junction line of the 20 teeth in the study
group. An angled metal tip was then inserted into
these guide grooves. Program settings and calibra-
tions were established, and the test was initiated by
programming a displacement rate of 1 mm per minute
with a load of 500 Newtons. The machine halted au-
tomatically upon fracture occurrence

The tooth roots were positioned within the pre-
molar area of a dry human mandible skull. Thin pink
wax was used to secure the periphery of all tooth
roots within their sockets.

All digital periapical radiographs were captured
using an X-ray machine (Belmont PHOT-X II, Japan)
and PSP (Carestream CS 7600, Japan). The PSPs were
securely positioned within a standard periapical radio-
graph film holder. Radiographs were taken with an X-
ray apparatus (Belmont PHOT-X II, Japan) set at 60kV,
7mA, and 0.2 s exposure time, with a source-to-object
distance of 30 cm. The radiographic procedure utilized
the parallel technique and a film holder (Figure 3).

For the study group, PSPs were scanned using a
scanner at 4 different time points (t1: immediately

after exposure, t2: 30 minutes after exposure, t3: 2
hours after exposure, t4: 4 hours after exposure), each
at three different resolutions (high speed, high reso-
lution, super high resolution) (Figure 4). At each
scanning time, PSPs were imaged at three different
resolutions by sequentially selecting the options
“high speed,” “high resolution,” and “super high res-
olution” from the “default scan resolution” tab in the
Carestream CS 7600 software program. In contrast,
the control group’s PSPs were scanned once (t1: im-
mediately after exposure), also at three different res-
olutions (high speed, high resolution, super high
resolution) (Figure 5).

A total of 300 images were captured for assess-
ment (20 teeth x 3 different resolutions x 4 different
scanning times for the study group + 20 teeth x 3 dif-
ferent resolutions x 1 scanning time for the control

group).

Subsequently, all images underwent evaluation
by both an experienced oral and maxillofacial radi-
ologist and a skilled pedodontist, independently. The
assessment aimed to determine the presence or ab-
sence of VRF and was scored using a five-point scale
as outlined below:

1. No evidence of root fracture

2. Likely no evidence of root fracture
3. Uncertain

4. Likely presence of root fracture

5. Definite presence of root fracture

FIGURE 1: Teeth placed within silicone.
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FIGURE 2: Instron machine.

FIGURE 3: Photograph illustrating the image acquisition process.
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FIGURE 4: Study group (a: high speed, b: high resolution, c: super high reso-
lution-immediately); (d: high speed, e: high resolution, f: super high resolution-
30 minutes); (g: high speed, h: high resolution, j: super high resolution-2 hours);
(k: high speed, I: high resolution, m: super high resolution-4 hours after expo-
sure).

Following a 30-day interval, a quarter of the
sample was reevaluated to gauge intra-observer re-
producibility.

STATISTICAL ANALYSIS

The distribution of the data underwent analysis using
the Shapiro-Wilk test. To compare three or more in-
dependent groups lacking a normal distribution, the
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FIGURE 5: Control group (a: high speed-immediately, b: high resolution-immediately, c: super high resolution-immediately).

Kruskal-Wallis test was employed. The interclass
correlation coefficient (ICC) was calculated to assess
agreement among and within observers. Furthermore,
the Wilcoxon test was utilized to assess disparities in
measurements, determining intra-observer reliability.

For the evaluation of time, resolution, and time-
resolution interactions, a two-way analysis of variance
test was implemented. Receiver operating characteris-
tic (ROC) analysis was conducted to derive area under
the curve, sensitivity, specificity, and accuracy values.
The ROC analysis was carried out using the MedCalc
12.3 (MedCalc software bvba, Belgium) program.

Descriptive statistics for the data were pre-
sented as either mean+standard deviation or median
(minimum-maximum) values. All additional statis-
tical analyses were executed using IBM SPSS
Statistics 26.0 (USA), with a significance level set at
a=0.05.

POWER ANALYSES

Based on the findings derived from the study, with
an ICC coefficient of 0.584, the study’s statistical
power was determined to be 80%. This determination
was made with a sample size of n=40, operating at a
95% confidence level and a significance level of 0.05.

I RESULTS

The level of agreement among observers in both the
study and control groups was assessed and presented
in Table 1. The outcomes revealed that within the
study group, the agreement coefficient among ob-
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TABLE 1: Assessment of inter-observer agreement using the
ICC coefficient.

Group ICC p value* 95% CI

Study group 0.789 <0.001 0.728-0.838

Control group 0.590 <0.001 0.308-0.757

Total 0.932 <0.001 0.914-0.945

*Itis the p value of the ICC coefficient; CI: Confidence interval; ICC: Interclass correla-
tion coefficient.

servers was calculated as 0.789, indicating a sub-
stantial degree of agreement (p<0.001).!* Combining
the observations from both the study and control
groups, the agreement coefficient among observers
was calculated as 0.932 (p<0.001), denoting an al-
most perfect level of agreement (Table 1).'

The reliability of the observers in detecting VRF
was assessed and presented in Table 2. Upon evalu-
ating the discrepancies among the observers, no sta-
tistically significant differences were observed
(p>0.05). Intra-observer agreement varied from sub-
stantial to almost perfect, ranging from 0.666 to 0.903
(Table 2).7

Following the analysis conducted to assess the
detection of VRF from images acquired at 4 different
time points and three different resolutions within the
study group, it was found that the interaction among
time, resolution, and time'resolution did not yield a
statistically significant difference (p>0.05). The out-
comes from the immediate scan and subsequent de-
layed scan times after X-ray exposure exhibited
similarity (Table 3)
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TABLE 2: Intra-observer agreement.

Immediately 1 month later p value** ICC p value***
Observer 1 4.01+1.52 3.51+1.71 0.670 0.666 <0.001
Observer 2 4.04+1.55 3.91+1.62 0.070 0.903 <0.001

**p values are from the paired sample t-test; ***It is the p value of the ICC coefficient; ICC: Intraclass correlation coefficient.

TABLE 3: Assessment of varied scan times and resolutions.

Resolution Scan time X1SD
High speed Immediately 4.66+0.18
30 min later 4.70£0.19
2 h later 4.40+0.19
4 h later 4.55+0.19
High resolution Immediately 4.61+0.18
30 min later 4.50£0.19
2 h later 4.45+0.19
4 h later 4.75£0.19
Super high resolution Immediately 4.70+0.19
30 min later 4.60£0.19
2 h later 4.75+0.19
4 h later 4.80+0.19

p value egoistion p valuegg, time P Value esqution'scantime

0.518 0.720 0.888

The p values are the p values from the two way analysis of variance test. Data are expressed as X+SD; SD: Standard deviation.

TABLE 4: ROC analysis.
Criterion Sensitivity 95% CI Specificity 95% CI AUC p value
>3 90.50 86.1-93.9 94.83 85.6-98.9 0.971 <0.001
1or
R M R

100-Specificity

ROC: Receiver operating characteristic; Cl: Confidence interval; AUC: Area under the curve.

A statistically significant difference exists in the
discriminative capacity between the study and con-
trol groups. The test exhibited a sensitivity of 90.50%
and a specificity of 94.83%. These sensitivity and
specificity values are deemed satisfactory for dis-
crimination purposes (Table 4).

I DISCUSSION

This study sought to assess the impact of varying
scanning resolutions-specifically, high speed, high
resolution, and super high resolution-alongside dif-
ferent post-exposure scanning times (immediately, 30
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minutes, 2 hours, and 4 hours later) on the detection
of VRFs using periapical radiography. The findings
indicated that there were no statistically significant
differences in the ability to diagnose VRFs when
comparing different resolutions and scanning times

Patel et al. investigated the detection of VRFs in
root-filled teeth through periapical radiographs and
CBCT scans.” In their study, Patel et al. concluded
that periapical radiographs exhibit higher overall
specificity than CBCT.? Furthermore, the detection
rates for complete and incomplete VRFs were greater
with periapical radiographs compared to CBCT. Sim-
ilarly, Ezzodini Ardakani et al. found that the speci-
ficity of periapical radiography in detecting VRFs
was superior in their research assessing the diagnos-
tic efficacy of CBCT and periapical radiography for
VRF detection.'* However, Valiozadeh et al. reported
in their study on the accuracy of conventional radio-
graphy, digital radiography, and CBCT in detecting
VREFs in single-rooted teeth that CBCT outperformed
both conventional and digital radiography.'> More-
over, Varshosaz et al. observed in their study com-
paring conventional radiography with CBCT for VRF
detection that CBCT demonstrated higher accuracy.'®

Taking into account Patel et al. findings along
with those of Ezzodini Ardakani et al., and consider-
ing the advantages of periapical radiographs over
CBCT, such as lower cost, easier accessibility, and
reduced radiation exposure, the present study em-
ployed periapical radiographs.>!'*

Wenzel et al. conducted an assessment of trans-
verse root fractures using an in vitro model, compar-
ing variable-resolution CBCT with enhancement
filtration against intraoral PSP radiography.!” Their
study revealed that there was no statistically signifi-
cant distinction between low-resolution CBCT and
PSP images. However, original high-resolution
CBCT images exhibited higher sensitivity compared
to both low-resolution images and PSP images. In an-
other study, Wenzel et al. evaluated the efficacy of
high-resolution charge-coupled device sensors ver-
sus medium-resolution PSP digital receptors for de-
tecting root fractures in an in vitro setting.'® The
results indicated that radiovisiography-uiTM images
achieved higher sensitivities than Digora® (Soredex,
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Helsinki, Finland) PSP images (p<0.05). Nonethe-
less, no statistically significant difference in speci-
ficities was noted between the two digital systems.

De Martin E Silva D et al. explored the impact of
filtering on CBCT images with different resolutions
for diagnosing VRFs in teeth with metallic posts."”
Their experimentation employed “sharpen” and
“hard” filters, revealing that regardless of the pres-
ence of a metallic post, there was no significant dif-
ference between images obtained with filters and the
original images.

Li et al. assessed proximal caries detection in
storage phosphor plate radiographs scanned at 4 dif-
ferent resolutions: Digora FMX, Digora Optime High
Resolution, Digora Optime Super Resolution (Digora
Optime; Soredex/Orion Corp., Helsinki, Finland),
Vistascan Standard Resolution (Diirr Dental GmbH,
Bietigheim-Bissingen, Germany), and Vistascan Fine
Resolution.® They reported that radiographs scanned
with Digora® Optime at both resolutions demon-
strated superior proximal caries detection compared
to the other resolutions.

Similar to the findings in De Martin E Silva D et
al. study, current investigation concluded that the de-
tection of VRFs from images obtained at 3 different
resolutions did not exhibit statistically significant dif-
ferences, and the evaluations yielded similar results."

Sogur et al. investigated the impact of delayed
scanning, involving immediate scanning as well as
scans conducted at intervals of 10 minutes, 30 min-
utes, 60 minutes, and 120 minutes after exposure, on
the detection of occlusal caries using storage phos-
phor plates.” Their findings revealed that values ob-
tained from immediately scanned images exhibited
higher detection rates compared to images scanned
with different delays, and diagnostic accuracy de-
creased with increasing scan delays. Moreover, they
noted no significant difference in the accuracy of
caries detection between images scanned at 10 min-
utes vs. 30 minutes, 30 minutes vs. 60 minutes, and
30 minutes vs. 120 minutes delays.

Nascimento et al. reported that they did not ob-
serve significant differences in sensitivity, specificity,
and accuracy among four different scans conducted
immediately, at 30 minutes, 2 hours, and 4 hours after
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exposure. However, the 4-hour delayed scan dis-
played lower values than the others.’ Similarly, Mar-
tins et al. found that objective analysis demonstrated
a reduction in pixel density after 4 hours for all stor-
age combinations, while subjectively, this density
loss was not statistically significant.”

Akdeniz et al. explored the impact of delayed
scanning of storage phosphor plates, conducting
scans immediately, at 10 minutes, 30 minutes, 60
minutes, and 24 hours after exposure.® Consistent
with other studies, Akdeniz et al. reported that mean
gray values increased with scan delay.® In line with
the existing literature, this study also found no statis-
tically significant difference in the detection of VRFs
among images obtained through scanning at 4 differ-
ent times. Furthermore, it was concluded that image
evaluations obtained by scanning immediately, at 30
minutes, 2 hours, and 4 hours after exposure were
similar.

In current study, an aluminum wedge did not
employ, which stands as a limitation. Furthermore,
due to the in vitro design, the study was unable to in-
clude clinical assessments and was limited solely to
single-rooted teeth. These considerations constitute
the study’s limitations.

I CONCLUSION

In current study varying resolutions and/or delayed
scan times did not improve the diagnosis of VRFs.

In clinical practice, a comprehensive detection of
VRFs might necessitate a combination of different
imaging techniques, and clinical assessment. In
addition engaging with an oral and maxillofacial
radiologist or endodontist and taking into consider-
ation their expertise and clinical judgment can
prove to be advantageous for achieving precise di-
agnosis.
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