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ABSTRACT

Background and Objectives: Cone beam computed taphy (CBCT) is the most efficient imaging modaidy
assessment of implant site. The efficacy of prediper CBCT scans can be enhanced by the use aigwqgihic
stent. This study sought to assess the differemcasplant measurements made on CBCT scans takibnand
without radiographic stent. Materials and MethodBhis cross-sectional study was conducted on 118 TCBC
sections available in the electronic files of fpatients who had undergone CBCT with radiograpténs Four
oral and maxillofacial radiologists and three mdafhcial surgeons were requested to locate the aiiteeeth on
original radiographs taken with stent and cropp@dages without the stent and record them in a fokngold
standard form was also filled out by an oral andxifiafacial radiologist. Results: Errors in seleoti of correct cut
(>2 cuts from the gold standard cut) had a frequem 6.1% and 41.1% in scans taken with and without
radiographic stent, respectively. Selection of ectrcut had a significant correlation with the usferadiographic
stent and the observer's specialty (both Ps<0.00d) had no correlation with the type of tooth oft/léght
guadrant of the jaw (P>0.05). Conclusion: Radiokigihad higher odds than surgeons for selectiocoofect cut

in presence and absence of stent. Also, the oddsl@eétion of correct cut by both radiologists aswtgeons were
higher in presence of stent.
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INTRODUCTION

Dental implants revolutionized the reconstructidromfacial esthetics and function. Appropriatelaqmed dental
implant therapy has a high success rate and wallatds the functional and esthetic needs of patighi.
Osseointegrated dental implants are now a supatiernative to conventional dentures in patientth waiptimal
quality and quantity of bone. However, decisiongarding the site of implant placement and its dioec dictated
by the amount of residual bone [2], are made baseddiographs. Success of implant treatment higayends on
the accuracy of data provided by radiographs; thmadjographic assessments should have high valility
reliability [3].

Intraoral and panoramic radiography are convenlipracepted for bone height measurement at thgicalrsite
[4]. However, multidetector computed tomography (@D and CBCT are the most efficient imaging modksit
for implant treatment of edentulous patients orséhoequiring multiple implant placement or ridgeymentation
[5]. The error rate of CBCT for linear measuremems been reported to be much lower than that dfi-slice
computed tomography [6]. Recently, a CBCT systera @clusively developed for maxillofacial imaging.[ The
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era of three-dimensional (3D) dental digital imagwas started by the introduction of low-dose a&adial CBCT
scanners [8]. The CBCT systems enable volumetdorstruction of images [9], provide cross-sectianeages of
the height and width of alveolar bone and accwdtatate the anatomical structures such as theignfalveolar
nerve canal and the maxillary sinuses. The accusadyreliability of CBCT for dental measurementyéhdeen
previously confirmed [8,10,11]. The most efficiemages for assessment of implant site include aséations,
reformatted panoramic images and serial thin-gt@esplanar images.

Clinical efficacy of preoperative radiographs can dreatly enhanced by the use of a radiographitt siace it
accurately relates the acquired data from radidgrdp an anatomical or surgical site. Moreoverganventional
computed tomography (CT), radiographic stent cdp perceive the association of an image slice ossisection
with an anatomical region of interest [12]. A ragliaphic/surgical template plays a fundamental inlédeal
positioning and installation of implants with theeuof a prosthetic restoration.

Radiographic stents are used for more accuratssmsat of width and height of available bone ptiotreatment
planning for implant placement or surgical proceduiStents can be fixed or removable [13] andavedated of a
clear, stable and rigid material. They must coveecmuate number of teeth for the purpose of fixatiom
stabilization; in edentulous patients, stent messiificiently extended to the attached gingiva [14

At present, the computer added designing (CAD)/mater added machining (CAM) technology and CT emaihé

fabrication of a surgical implant stent, which elealthe clinician to accurately locate the sitengflant placement
pre-operatively [15-17]; by doing so, dental impgoan be surgically inserted without elevatindgp {18,19]. The
selected implant sites are marked by the use okemarmade of spherical or bar-shaped radiopaqueriaist
(metal, composite resin or gutta percha) mountednnacrylic stent. The patient uses the stent amtengoes
radiography. By doing so, the markers are visudliae diagnostic radiographs. Moreover, the radioigia stent
may be used as a surgical guide to determine ting @ngle of the pilot bur and eventual implant @agon.

For ideal visualization, the thickness of markersstrbe less than the thickness of image slice iveational CT.
Diagnostic dentures covered with barium paste &e ased to determine the implant site on radidgsa hese
dentures can help predict the spatial correlatioetsveen the prosthesis and implant fixtures. Uguadin-metal
radiopaque markers (gutta percha and composite)rase used in CT because metallic markers careciausge
artifacts. Some metals cause less artifacts thaer ohetals and some CBCT systems cause less sdattestal
artifacts than MDCT systems [12].

To the best of authors’ knowledge, no previous stuas evaluated the role of radiographic stentcicugacy of
implant measurements made on CBCT scans. Thus,sthidy sought to assess the differences in implant
measurements made on CBCT scans taken with anduvitadiographic stent. The differences in thisardgamong
radiologists and oral and maxillofacial surgeonsenevaluated as well.

MATERIALSAND METHODS

This cross-sectional study was conducted on 118 TCB&ttions retrieved from the electronic files iwkfpatients
who had taken CBCT scans with radiographic stent iprivate oral and maxillofacial radiology cliniche
inclusion criteria were as follows:

-Patients with CBCT scans taken with radiograpteats

-Patients who had extracted their teeth a whileaagbhad extraction sockets filled with bone.

All CBCT scans had been taken with Planmeca CBCTP3@Max® unit (Planmeca, Helsinki, Finland) witreth
exposure settings of 12-14 mA, 82-84 kVp and 12k\aewed using Planmeca Romexis imaging softwaease
1.2.3in high resolution mode.

The CBCT scans were interpreted by four radiolegastid three maxillofacial surgeons (Figures 1 and-ist,
electronic files of five patients were manipulatggdan oral and maxillofacial radiologist as follaviyy selecting
“panoramic” in the software menu, the optimal focaligh was defined on an axial view with adequiaigkness to
obtain an optimal panoramic view on which, all opagnarkers of stent were identifiable. Next, “impfawas
selected from the software menu and the respestigtions were made in the right and left quadrahtise jaw; the
CBCT scans of the implant were converted to 2D véed the file was saved. Other parameters suchrasamic
arch, the initiation and termination points of &aihg, number of sections, etc. remained unchanmgeke file. In
the “adjust” menu, “define data range” was sele@rd the image was cropped and the stent was delEte 2D
view file was then saved. The CBCT scans of ak fpatients were modified as such and saved. Thedsfiles
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were then printed and a code was typed on the geajpibs instead of patient’'s name. Radiographs efsdme
patient with and without stent had different codes.

First, radiographs taken with stent were viewed iaterpreted by four oral and maxillofacial radigists and three
oral and maxillofacial surgeons and the locatiortesfth # 1-7 in each quadrant was determined lectieg the
number of correct section in the form. One weeérlatadiographs taken without stent were evalubtethe same
observers.

The gold standard form was filled out by an oral amaxillofacial radiologist by taking into accouhe fact that the
most opaque cut at the site of each tooth was deresl as the correct cut. In statistical analyhis,previous and
next cuts to the respective cut were considerethescorrect cut as well. The forms were then ctdécand
subjected to statistical analysis.

Generalized estimating equation (GEE) with exchahfgecorrelation matrix and binary logistic regiessmodel
were used to assess the effect of presence/absérstent, right/left quadrant and type of tooth smiection of
correct cut by the observers (since the data wemolgeneous). The intraclass correlation coefficlg@C) was
evaluated by two-way random model. The absoluteeagent and single measures were calculated andedps
well.

RESULTS

A total of 118 CBCT sections of 10 quadrants oéfpatients with and without radiographic stent waraluated by
seven observers including four oral and maxilladhcadiologists and three oral and maxillofaciaigeons.

Errors in selection of correct caZ cuts farther from the gold standard cut) hadeguency of 6.1% with the use of
radiographic stent and 41.1% without the use ofogrdphic stent. Figure 3 shows the frequency peace of
selection of different cuts based on the distanam fthe standard cut (with and without stent). &anfnce of the
observers with regard to the selection of corradtis presented in Table 1. The inter-rater religbof the
observers is presented in Table 2. The ICC vallesved excellent agreement among the observers (both
radiologists and surgeons) for the CBCT scans takiém and without radiographic stent. Figure 4 shotive
percentage of errors from the gold standard inrigfiet and left quadrants. The percentage of erfran® the gold
standard for the radiologists and surgeons is pteddan Figure 5. The percentage of errors fromgibie standard
based on the type of tooth is shown in Figure 6e Titequency percentage of different cuts selectedhke
radiologists and surgeons based on distance (nuoflzeits) from the correct cut in presence and mtesef stent is
shown in Figures 7 and 8. The correlation of jawadrant, presence/absence of stent, specialty ajliberver and
tooth type with the percentage of error from thilgdandard is shown in Table 3.

Table 1. Performance of the observerswith regard to the selection of correct cut

With stent Without stent
Perfect cut (+/- 1 cut)|  Error (+/- 1 cut) Perfect cut (+/- 1 cut) Error &2 cuts)
Quadrant Right 96.95% 3.05% 59.9% 40.1%
Left 90.77% 9.23% 57.95% 42.05%
Tooth type Central incisor 92.31% 7.69% 61.76% 38.24%
Lateral incisor 94.34% 5.66% 62.26% 37.74%
Canine 97.01% 2.99% 59.7% 40.3%
First premolar 94.34% 5.66% 65.38% 34.62%
Second premolar, 98.11% 1.89% 60.38% 39.62%
First molar 93.22% 6.78% 57.38% 42.62%
Second molar 85.71% 14.29% 39.47% 60.53%
Obser ver Radiologists 96.61% 3.39% 72.29% 27.71%
Surgeons 89.74% 10.26% 39.75% 60.25%
Table 2. Inter-rater reliability of the observers
ICC Total ICC - Surgeon ICC - Radiologist

With stent 0.993 0.988 0.997

Without stent 0.898 0.967 0.925

Total 0.940 0.976 0.960

*All P-values < 0.001
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Table 3. Correlation of quadrant (right/left), presence/absence of stent, specialty of the observer and tooth type with the per centage of
error from the gold standard

OR 95%Cl P-value
Quadrant Left 1.34 0.66-2.69 0.42
Right 1
Stent Absence 13.45 6.69-27.07 <0.001
Presence 1
Specialty Surgeon 3.91 2.16-7.09 <0.001
Radiologist 1
Tooth type Second molar 2.74 1.27-5.88 0.01
First molar 1.19 0.69-2.02 0.53
Second premolar 0.83 0.45-1.56 0.56
First premolar 0.79 0.41-1.51 0.47
Canine 0.89 0.49-1.63 0.71
Lateral incisor 0.9 0.54-1.48 0.67
Central incisor 1

OR: Odds ratio

Figure 2. CBCT without Stent
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B with stent ® without stent
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Figure 3. Frequency percentage of selection of different cutsbased on the distance from the standard cut
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Figure 4: Percentage of errorsfrom the gold standard in theright and left quadrants
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Figur e5: Per centage of errorsfrom the gold standard for radiologists and surgeons
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DISCUSSION

Malaligned dental implants have much more compdiddaboratory procedures for the fabrication ofesgpucture
than regular implants and may result in unfavorabd¢hetics. Moreover, in such cases, stress caatient
increases due to improper load distribution andsesaurauma to the implant supporting structures Bbbne-
implant interface may be adversely affected as {&0l21]. A radiographic stent can be fabricatedetthance
radiographic assessment of the available bonerinstef height and width prior to treatment plannfog implant
placement. These stents can also help in surgioakpures performed to provide a suitable impldatement site
[21]. Vaccumform or acrylic templates can be adapi® the duplicated dental casts of diagnostic ws-to
prepare radiographic or surgical stents [13]. Ttemts with radiopaque markers are easy to makédrclinical
setting and enhance accurate placement of implatgs, they eliminate the need for surgical elevatof a flap.
Implant holes are directly drilled through the $teffhis way the soft tissue is better preserveidjmal trauma is
applied to the supporting structures and the ojmerdime would decrease. Consequently, the patientld have
less post-operative pain and complications andrgealould occur faster, resulting in higher patisatisfaction.

A total of 118 CBCT sections with and without ragliaphic stent from 10 quadrants of five patientsewevaluated
by seven observes including four oral and maxiiafradiologists and three oral and maxillofagatgeons. Our
results showed that use of radiographic stent &sa@e the accuracy of measurements; this findinginvise with
the results of Pal et al, in 2010 who showed thegisal stent increased the accuracy of implartaltaion [19].

In the current study, the ICC was found to be 0.88d@ 0.925 among radiologists for scans taken aitth without
radiographic stent, respectively. Also, the ICGuifgeons was found to be 0.988 and 0.967 for de&rs with and
without stent, respectively. The total ICC was @.%hd 0.898 with and without stent, respectivelg. seen, all
ICCs were over 90%, which shows high agreementah eyroup of radiologists and surgeons and betleén of
them with regard to the selection of correct cut ddferent teeth with and without radiographicrate We also
compared the selected cuts by radiologists andesagywith the gold standard and found that radistegvere
more accurate than surgeons in selection of theecbcut with and without radiographic stent. Thiling is
probably due to the higher skills acquired by rémtjcsts in this respect. In our study, observerth{lsurgeons and
radiologists) provided interpretations very mucimikir to the gold standard using CBCT scans takéthm w
radiographic stent (P<0.001) compared to scansouithadiographic stent. This finding highlights timeportant
role of radiographic stent as a guide for propeadimeg and interpretation of the sections by theeokess
irrespective of their specialty.

In the current study, the selected cuts by theotadists among CBCT scans taken without stent hadvemum of

four cuts distance from the correct cut while ia troup of surgeons, the selected cuts had a maxiofigight cuts
distance from the standard correct cut. This isbably attributed to the greater experience of dadists in

interpretation of CBCT scans. Radiologists and song had the lowest error in determining the firgmolar site
on CBCT scans taken without stent; this may be tduthe mental foramen serving as a guide in théa.alhe
correlation of type of tooth and right/left quadravith selection of correct cut was not significafib the best of
authors’ knowledge, no previous study is availaiiehe role of radiographic stent in implant measwnts made
on CBCT scans to compare our results with. Howeweany previous studies have shown optimal efficaty
radiographic and surgical stents for proper ingt@h of implants [22].

CONCLUSION

Based on the results of the current study, fabanatf radiographic stent is recommended prior ltoinaplant
placement surgeries.
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