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Abstract: A lot of modalities for assessing implant stability are available for clinicians, but they
fail to assess trabecular changes as they are solely dependent on the operator’s skills. The use
of Fractal Dimension (FD) has evolved to be used as a measure for trabecular changes depicting
implant stability before and after implant placement. The objective of this systematic review was to
qualitatively analyse the available scientific literature describing the use of FD as a tool to measure
implant stability on the basis of trabecular changes. An electronic search in PubMed, Web of Science
and Scopus was carried out using relevant keywords, such as: fractal dimension; fractal analysis;
dental implants; implant stability; osseointegration, etc. Studies reporting the use of FD as a tool
to measure implant stability were included and subjected to qualitative analysis using ROBINS-I
and Cochrane risk of bias assessment criteria. Fourteen studies were included in this review. Results
showed that FD was found to be used solely as a measure of implant stability in seven studies, out
of which six studies showed an increment in FD values. The majority of studies concluded with a
statistical correlation between FD and respective other assessment methods used. FD may not serve
as a sole indicator of implant stability; however, it can be used as an adjunct to conventional methods
along with additional fractal factors.

Keywords: fractals; fractal analysis; dental implants; osseointegration; implant stability

1. Introduction

Radiographic evaluation has been a crucial requisite in the diagnosis of peri-implant
tissues for gauging the long-term success or failure of dental implants [1]. It can be
interpreted by identifying the peri-implant marginal bone loss and radiolucency. The
radiographic procedure is widely used because of its non-invasiveness and convenience
of being performed at any stage of the procedure, apart from the limitations of being two
dimensional and of low image resolution [2].

Implant stability is characterized by a lack of clinical mobility, the presence of which
can cause fibrous encapsulation and failure of the dental implant [3]. A well seated implant
with adequate stability is the pre requisite for accomplishment of proper osseointegration
and its long life [4]. Widely used mechanical methods of implant stability are resonance
frequency analysis (RFA) [5], Periotest [6], insertion torque [5] and percussion test [7].
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However, these methods do not give a proper idea of the changes occurring at the trabecular
level during osseointegration [8]. Advanced techniques have therefore been introduced,
e.g., cone beam computed tomography (CBCT), micro-CT, fractal analysis, Feret diameter
(FeD) analysis and Finite element method [9].

Fractal dimension (FD) is the representation of a self-similar geometrical structure
when the object/image is processed after fractioning it into various sections [10]. The
dimensionality of FD measurement depends of the object measured. Similarly to whether
a point, or a line, or a 2-dimensional plane or a 3-dimensional model is measured, FD
values will be changed in accordance, respectively. It has been utilized in assessing the
trabecular structure of mandibular condyles of patients with temporomandibular disorders,
for characterization of sialographic images, mandibular bony healing after orthognathic
surgery, etc. It can therefore be used as a method to detect the trabecular changes during
and after implant placement. It is therefore an indirect and non-invasive form of bone
density measurement. A systematic review was conducted by Kato et al. [11] to assess the
use of fractal analysis (FA) in dental images. Most of the articles included in that review
showed significant differences in the comparison of healthy and sick patients.

There is an unclear relationship between the quality of bone and primary implant
stability. Of all the methods used until now, RFA has been used widely for implant stability
measurement. However, there is weak evidence to support the relationship between
implant stability and bone density. Until now, systematic reviews on the use of RFA
and insertion torque are conducted, which aided only in assessing whether there is any
mobility present in the implant that was inserted [12,13]. Therefore, there is a need for
the prediction of implant stability at planned implant sites, based on the quantitative
measurement of bone density, as well as a need to quantify the changes simultaneous to
bone remodeling. So, as an alternative method, fractal analysis can be used to evaluate
trabecular changes quantitatively.

The objective of this systematic review is to provide scientific evidence to determine
whether Fractal Dimension can be used to measure implant stability by quantitative mea-
surements of bone density at planned implant sites.

2. Materials and Methods

This systematic review was carried out in accordance with the Preferred Reporting
of Systematic Reviews and Meta-analyses (PRISMA) statement [14]. The protocol for
this review was prepared in priority to facilitate the smooth conduction of the review.
The systematic review aimed to answer the research question: Can pre-operative, intra-
operative and post-operative assessment of FD be used as the sole indicator for dental
implant stability?

The following PECO criteria were framed to aid in research question formulation
and careful selection of studies: Population (P): Systemically healthy patients undergoing
dental implant therapy Exposure (E): Use of Fractal Dimension in the assessment of bony
trabeculae for measuring implant stability; Comparison (C): None or any other modality
for measuring implant stability; Outcomes (O): Measure of implant stability relative to the
change in trabecular bone formation.

2.1. Search Strategy

A digitalized search was carried out in PubMed, Web of Science (WoS) and Scopus
database to identify the reports to answer the research question. The search strategy was
developed using a series of relevant keywords. The electronic search was carried out
until April 2022. No limits or restrictions were used to identify the reports. Additionally, a
manual search was also carried out in peer-reviewed, international implant-related journals:
COIR, CIDRR, JOMI, BD]J, and JPIS. The bibliography of related systematic reviews and
potentially eligible articles were also screened for possible reports. The reports retrieved
from both electronic and manual searches were then imported into a citation manager
(EndNote v7.0, Clarivate Analytics, New York, NY, USA) to discard the duplicates identified
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within multiple databases. The details of the search along with the keywords used are
provided in Table 1.

Table 1. Search Strategy for each electronic database.

Database

Search String No. of Articles Retrieved

PubMed

(((“fractal dimension”[All Fields]) OR (“fractal analysis”[All
Fields])) AND (((((“dental implants”[All Fields]) OR (“implant
stability”[All Fields])) OR (“osseointegration”[All Fields])) OR
(“bic”[All Fields])) OR (“bone to implant contact”[All Fields])))

AND (((((((((("periapical radiograph”[All Fields]) OR (“iopa”[All
Fields])) OR (“panoramic radiographs”[All Fields])) OR
(“opg”[All Fields])) OR (“orthopantomograph”[All Fields])) OR
(“cbet”[All Fields])) OR (“cone beam computed tomography”[All
Fields])) OR (“subtraction radiography”[All Fields])) OR
(“computed tomography”[All Fields])) OR (“ct”[All Fields]))

14

Scopus

((ALL (fractal AND dimension) OR ALL (fractal AND analysis)))
AND ((ALL (dental AND implants OR ALL (implant AND

stability) OR ALL (osseointegration) OR ALL (bic) OR ALL (bone

AND to AND implant AND contact)) AND ((ALL(periapical

AND radiograph) OR ALL (iopa) OR ALL (panoramic AND 395
radiographs) OR ALL (opg) OR ALL (orthopantomograph) OR

ALL (cbct) OR ALL (cone AND beam AND computed AND
tomography) OR ALL (subtraction AND radiography) OR ALL

(computed AND tomography) OR ALL (ct)))

(((“fractal dimension”[All Fields]) OR (“fractal analysis”[All
Fields])) AND (((((“dental implants”[All Fields]) OR (“implant
stability”[All Fields])) OR (“osseointegration”[All Fields])) OR
(“bic”[All Fields])) OR (“bone to implant contact”[All Fields])))

AND (((((((((("periapical radiograph”[All Fields]) OR (“iopa”[All

Web of Science Fields])) OR (“panoramic radiographs”[All Fields])) OR 17
(“opg”[All Fields])) OR (“orthopantomograph”[All Fields])) OR
(“cbet”[All Fields])) OR (“cone beam computed tomography”[All
Fields])) OR (“subtraction radiography”[All Fields])) OR
(“computed tomography”[All Fields])) OR (“ct”[All Fields]))
Total 426

2.2. Study Selection

The reports were then screened based on title and abstract to identify potentially
eligible articles and were subsequently subjected to full-text assessment.

2.2.1. Inclusion Criteria
The following inclusion criteria were applied for study selection:

e  (linical studies, Randomized or Non-Randomized controlled clinical trials (RCTs),
and both prospective or retrospective studies assessing implant stability with FD and
other modalities were included in the review.

e  Patients included in the studies should have undergone either immediate or delayed
implant placement, either in maxillary or mandibular sites.

e  Studies undertaking any adjunctive therapy to implant placement were also taken
into consideration.

e  Studies employing FD as a measure for implant placement assessed with the use of
radiograph taken both at baseline, during, or post-implant placement.

2.2.2. Exclusion Criteria

The studies recruiting patients with any systematic disease, and with poor oral hygiene
status, pregnant and lactating mothers, and also having subjects undergoing any chemo- or
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radiotherapy in the pool were excluded. The studies published in languages other than
English and did not report relevant outcomes were also excluded from this review.

The study selection was by two independent reviewers (S.M., M.K.) by assessing the
title and abstract of each article. The articles meeting the inclusion criteria were selected. In
the second screening, full-text articles were selected, taking into consideration the same
inclusion criteria, and a final list of articles was selected. In case of any difference in
opinion, an open discussion was conducted and in case no consensus was made, the help
of a conciliator (S.P.) was taken to come to a decision. The selection and retrieving process
is summarised in Figure 1. In total, 426 articles were retrieved and in total 14 articles were
scrutinized as final articles.

)
Records removed before
5 screening:
"-Sf Records identified from*: ([:]ugh;f )t SreconisTa Mg
L5 ggte:ggsrgs(rsn::();l%) ——> Records marked as ineligible
€ g by automation tools (n=0)
§ Records removed for other
reasons (n =0)
e/
()
Records screened N Records excluded**
(n=393) (n=2371)
Reports sought for retrieval | Reports not retrieved
= n=
2 (n=22) g 0
ic
: }
3]
«»n
Reports assessed for eligibility Reports excluded:
(n=22) > Ex- vivo study (n =2)
Fractal Dimension (FD) not
Measured (n = 3)
Mean Grey level calculated,
not mean FD (n =3)
~—
Studies included in review
§ (n=14)
i Reports of included studies
§ (n=14)

Figure 1. PRISMA flowchart depicting the identification of studies via databases and registers.
* Records identified from MEDLINE, PubMed, Scopus and Web of Science databases. ** Records
excluded by reviewer only. No automation tools were used.

Data extraction was completed independently by the chief investigator onto an Excel
sheet (Microsoft Windows 10) in two categories, demographic and quantitative data, for
each study as follows: type of study design, method of randomization, oral hygiene status,
presence/absence of smoking habit, the comparison used, sample size, number of implants
placed and analysed, type of implant used, time of implant loading, surgical technique used,
implant dimensions, healing time, whether any grafts used, type and time of radiograph
taken, region of interest (ROL; site and size), method of FD calculation, statistics used and
results regarding FD, i.e., FD value and standard deviation of respective ROL

Since the data extracted were heterogeneous, a qualitative synthesis of every research
article was completed.
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3. Results

Of all the searched articles, which were 426 in total, 14 were found in MEDLINE
through PubMed, 395 articles were found in Scopus and 17 articles were found in the Web
of Science database (Table 1). Duplicate articles, 71 in number, were removed and the
initial screening resulted in 390 articles. However, of those selected, most of the articles
used the analysis other than FD, some were review articles and a few others were a letter
to the Editor, case reports, conference proceedings, other image analyses, etc., and were
excluded. This resulted in 22 full-text articles being downloaded. Of the full-text articles,
eight were excluded (Figure 1) and 14 articles were finally taken into consideration for the
systematic review.

Out of 14 included articles, four studies were conducted in Turkey [15-18] two studies
were conducted in India [19,20] and others were commenced and ended in South Korea [21,
22], Poland [23], Netherlands [24], Italy [25], UAE [26,27] and USA [28]. The articles
selected were within the range of the year 2010-2022. Since not many RCTs have been
performed in this field, other types of clinical studies were considered. After the selection
of the articles, only two RCTs were included in the review [19,27], wherein the method of
randomization was mentioned in both the studies. Eight articles were prospective clinical
studies [15,22-26,28], while four studies were of retrospective type [16,18,20,21] (Table 2).
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Table 2. Demographic Characteristics of the Included Studies.

Total Gender
Author and Study Randomization . Patients T(?tal Implant Analysed' Implant Analysec:l Distribu- Age Range
Year, Desi Comparison Patients (Fractal Di- (Compari- . Smokers OHS
esign Method Evalu- Placed . Placed tion (Years)/Mean
Country Included mension) son)
ated (M/F)
Lee et al., 2010 Prospective
[22] Clinical NR RFA 22 22 52 52 52 52 14M/8F 22-67 N/R N/R
South Korea Study
Kulczyk et al., Prospective
2018 [23] Clinical NR RFA 32 32 50 50 50 50 N/R N/R excluded N/R
Poland Study
Verhoeven etal.,,  Prospective
2009 [24] Clinical NR NR 8 8 16 16 NR NR 1M/7F 50-78 N/R N/R
Netherlands Study
Abdulhameed Poor oral
etal., 2018 [27] RCT N/R RFA 22 22 22 22 22 22 8M/14F 20-40 excluded hygiene
UAE excluded
Gonzalez-
Martin et al., Prospective >10/da
2012 [28] Clinical NR NR 3 3 3 3 NR NR N/R 18-80 lud z N/R
Philadelphia, Study exciude
USA
Mu et al., Retrospective Poor oral
2013 [21] Clinical NR NR 48 48 72 72 NR NR 23M/25F 33-77 N/R hygiene
South Korea Study excluded
Sansare et al., Retrospective
2012 [20] Clinical NR NR 50 33 50 50 NR NR 20M/13F 25-30 N/R N/R
India Study
Professional
Hayek et al., Prospective prophylaxis
2019 [26] Clinical NR RFA 50 50 50 50 50 50 50M 20-50 Excluded completed
Lebanon Study before
surgery
Veltri et al., Prospective
2007 [25] Clinical NR RFA 9 9 55 48 55 48 2M/7EF 46-68 N/R N/R
Italy Study
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Table 2. Cont.

Total Gender
Author and Study Randomization . Patients T(?tal Implant Analysed. Implant Analysec:l Distribu- Age Range
Year, Desi Comparison Patients (Fractal Di- (Compari- . Smokers OHS
esign Method Evalu- Placed . Placed tion (Years)/Mean
Country Included mension) son)
ated (M/F)
Diana et al., aSeql;igﬁe Oi t Poor oral
2018 [19] RCT ppearance RFA 31 29 41 39 4 39 18M/13F 285 Excluded hygiene
India the study excluded
institution
Onem etal., Prospective Lacunarity
2012 [15] Clinical NR and Feret 42 42 42 42 42 42 N/R 27-43 N/R N/R
Turkey Study Diameter
Suer et al,, Retrospective
2016 [16] Clinical NR RFA NR NR 52 52 52 52 19M/11F 42.2 N/R Excluded
Turkey Study
Zeytinoglu Prospective
etal., 2014 [17] Clinical NR NR 76 76 198 198 NR NR 44M/32F 38.4 N/R N/R
Turkey Study
Soylu E. et al., Retrospective
2021 [18] Clinical NR NR 39 39 66 66 NR NR 20M/19F 522 N/R N/R
Turkey Study

Legend: RCT = Randomized Clinical Trial; NR = Not Relevant; N/R= Not Reported; RFA = Resonance Frequency Analysis; OHS = Oral Hygiene Status.
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Seven studies compared FD analysis with RFA, since RFA is considered to be the most
feasible and reliable method for implant stability determination [16,19,22,23,25-27]. Only
one study considered a different comparison, i.e., a quantitative parameter for calculation
of trabecular changes, i.e., lacunarity and Feret diameter [15].

Totalling all the studies, the number of patients evaluated was 393 in number. Out
of 393, 374 patients were included in the study as some were lost to follow-up and some
didn’t fulfil the inclusion criteria. The total number of implants analysed was 694 and the
total number of implants analysed in the comparison was 355 in number.

Out of these, three articles did not mention gender distribution [15,23,28]. In
the studies, which have mentioned the gender distribution, the larger sample of the
population were males which were 219 in number, whereas female subjects were 161 in
number [16-22,24-27]. The age range included was within the lowest range of 18 years
and the highest age was of 80 years.

When two main factors affecting the outcome of implant stability, i.e., smoking and
oral hygiene status were considered, four studies excluded smokers [14,18,21,22] and again
five studies excluded subjects with poor oral hygiene [16,19,21,26,27].

In total, 14 studies were included in the review, of which seven studies were prospec-
tive clinical trials [15,22-26,28], five were retrospective clinical trials [16-18,20,21], and two
were RCTs. While considering RCTs, the randomization method was not mentioned in one
of the RCTs [27], whereas it was mentioned in the other [19].

The quantitative data extraction as tabulated in Table 3, interprets that the surgical
technique used was not mentioned by six articles [15,18,24-27] and also three studies did
not specify what type and brand of the implant were used [15,20,26]. Implant loading time
was mentioned in all the studies. It was reviewed if any other intervention was provided
along with implant placement and it was found that one study had provided ultrasonic
treatment along with implant [27] and two studies incorporated grafts [19,24]. The most
important characteristic, i.e., the bony trabeculae was not observed and mentioned by
seven articles [16,19-23,25].
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Table 3. Interventional characteristics of the included studies.

Surgical Region of . Time at Which Intensity of
Author Technique Type of Implant Implfmt Implant Implant Dimensions Radiograph the Radiograph ROI the Binary Method of FD Software Used
Used Loading . Taken . Used to Calculate FD
Used Insertion Was Taken Image (Pixel)
Maxillary (Mx)
Incisor, Mx.
Premolar, Mx.
Leeetal Non- External Hex Molar, Tile-countin,
7 submerged Delayed Mandibular 4 mm OPG 0 Total implant site 128 g Scion Image
2010 [22] . Implants method
technique (Mn)
incisor, Mn.
Premolar, Mn.
Molar
bone adjacent to
ek Open the ;§Ck (ROI 1),
Kulczyk et al., Lo Titanium Dental Mx. and Mn. middle (ROI 2),
2018 [23] fflllll-th;cl:nesls Implants Delayed jaw N/R IOPAR 0 and apical (ROI 3) 128 N/R Image] program
ap protoco part implant,
respectively.
N Delayed (Bar . . Carl Zeiss Vision
Verhoeven N/R Titanium Dental - poined Over 2 at anterior N/R Oblique lateral 4 1 3 \onths  Total implant site 256 N/R KS 400 3.0 image
etal., 2010 [24] Implants mandible cephalometric .
Denture) analysis system
First macro
thread around the
Abdulhameed SPI dental Mx. edentulous L—9.5 mm, D—4 mesial (ROII) Box-Counting
etal., 2018 [27] N/R implant Delayed premolar area mm TOPAR 0,3, 6 months and distal (ROI IT) 128 Method ImageJ program
aspects of each
implant
diameter—4.5 mm
Mx. Incisors, diameter of apical .
Gor?zalez- Flapless Astra Tech . Patient 1—22, portion—3.5 mm, Cireular ROT 10,'7 Box-Counting
Martin et al., o il Immediate Patient 2—21 1 h—Patient 1 CBCT 0, 6 months mm at Implant’s 128 Method Image] program
2012 [28] steotomy implants atl_ent —21, ength— at1en_t apical 1.15 mm etho
Patient 3—12 &2—13 mm, Patient
3—11 mm
Width of 1.0 mm
Anterior and iﬂ;ﬁzﬁ:_ﬁog
Two-stage Internal hex posterior . . .
Mu et al., . . - lengths—8-13 mm, interface at first Box-Counting
2013 [21] surgical implants (Astra Delayed maxﬂ!a, Diameter—3.5-5 mm IOPAR 0, 12 months macro thread 128 Method Image] program
protocol. Tech) Posterior .
. around the mesial
Mandible

and distal aspects
of each implant.
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Table 3. Cont.

Surgical Region of . Time at Which Intensity of
Author Technique Type %f Ix;lplant {mp;?:t Implant Implant Dimensions Ra(;l?(gl;e:ph the Radiograph ROI the Binary Metl{(})d gf FD tSoétvlvarle :Js;g
Used se oading Insertion axe Was Taken Image (Pixel) se 0 alculate
Distal aspect of
the peri-implant
area on the
post-implant
radiographs. One
side of the square
Sansare et al Two-step fagﬁ;e 1;15267 Pﬁizl(l);lliztﬁi Box-Countin
2012 [20] v surgical N/R Delayed . ii th N/R OorG 0, 3 months long axis of the 80 M t}lll d & Image] program
protocol. were dibl ¢ implant, without etho
mandible. including any
part of the
implant. The
other side was
placed at the level
of the apical end
of the implant.
Area of the
mola?—/[l);‘ft—3 recipient site of
rioht—4 Mx, the implant on
pr e;gmolarile o the preoperative
Hayek et al., . length—10 mm and 0 (pre- and radiograph and Box-Counting
2020 [26] N/R N/R Delayed r1r12 lilgrflrtl_}?t’—Ml? diameter—4 mm IOPAR post-operative) adjacent to the 128 method Image] software
Oleaft—g Mn ! inserted implant
premolar left—2 p:?is;;atg?/e
right—6 radiograph.
Two ROIs were
selected mesial
Veltri et al., N/R SBr?n;-rIi}a;kl Delaved Upper ia N/R IOPAR 36 months and Cilrlsgilla;i,e“h 128 Box-Counting Image] softwar
2007 [25] ySBei ro < claye pperjaw (present) positioned in method g¢) soltware
ocare close contact with
the implant
threads
one or more mesial and distal
non-restorable iﬁgfacﬁ O:ttgi
Diana et al., Sequential . single-rooted Diameter—3.5-4 mm, 0,1,3,6, . 4 Box-Counting
2018 [19] Drilling. Osstem implant Delayed teeth with Length—11.5-16 mm IOPAR 12 months 1m119 lanlt s}:iﬁlder 128 method Image] software
sufficient bone e.\ée v 1 N
volume mid-implant

level, apical level.
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Table 3. Cont.

Surgical Region of . Time at Which Intensity of
Author Technique Type %f h‘l;plant {mpc}‘:mt Implant Implant Dimensions Rat}u;(graph the Radiograph ROI the Binary Metl{(})d gf FD Soétvlvarle Us;g
Used se oading Insertion aken Was Taken Image (Pixel) se to Calculate
Two unloaded
implants in the
premolar/molar
area on one side Three rectangular
Onem et al of the mandible Over a period of R_OIs of tk}e same
2012 [15] v N/R N/R N/R and at least one N/R OPG 9.8 woeks size (mesial crest, 128 N/R Image] software
N premolar i distal crest, and
and/or molar apical area,
tooth on the
contralateral
side
STl SegeSagd Swumam Deaed  MAPEROR Demecdimmo o opg g SSmMIEE g DO s
Mesial, distal,
Zeytinog] Two-stage M 0,3,6 e olonted fo Box-C
eytinoglu B L1 n. , 3,6, were selected for ox-Countin;
et al.},l 2015;5 [17] surglcall Frialit Delayed molar/premolar N/R orG 12 months each implant 128 method i Image] software
protoco (close to the neck
and apex)
ITL, Implance, Diameter— Mesial, distal
50}27(1)1; E.etal, N/R DYNA’ Delayed Mn. 3.7-4.1 mm, OorG 0,1 week; 1 and and apical sites of 128 Box-Counting N/R
1[18] Dentium, premolar/molar Length—8-11.5 3 months the implant method
Bilimplant eng .5 mm e implants

Legend: N/R = not reported; Mx = maxillary; Mn = mandibular; ROI = Region of Interest; OPG = orthopantomography; IOPAR = intraoral periapical radiograph; CBCT = cone beam
computed tomography.
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The FD was calculated on orthopantomograph (OPG) in six studies [15-18,20,22], on
intraoral periapical radiograph (IOPAR) in six studies [19,21,23,26,27,29], and the other
two studies used cone-beam computed tomography (CBCT) [28] and lateral cephalometric
radiograph, respectively [24].

The radiographs were taken at 0, 2, 3, 6, 12, 18 and 36 months with maximum ra-
diographs taken at the baseline and three months indicating the time of implant place-
ment and probable time for osseointegration, respectively. However, Veltri et al. [29] and
Suer et al. [16] have taken radiographs only after osseointegration, i.e., after 36 months and
18 months, respectively, to check the secondary implant stability.

The ROI for FD calculation was mentioned in every article. Only one article [16] did
not mention the dimensions of ROI. Four articles took the whole implant length as the
ROI [16,24,26,27], and three studies have selected the mesial and distal aspect of the first
macro thread as the ROI [21,27,29]. Two studies have selected the apical portion of the
implant as the ROI [20,28]. The rest of the studies have considered the mesial and distal
part of the neck, apex, shoulder, and mid-level of the implant, adjacent bone of the implant
neck as well as an ROI [15,17-19,23].

Seven studies have compared the assessment of implant stability using FD with
RFA [16,19,22,23,26,27,29], one study has compared FD with Feret diameter and lacunar-
ity [15], while the rest of the studies have not compared FD with anything, and have
assessed implant stability solely using FD [17,18,20,21,24,28].

The software mostly used in the studies was Image] (developed by the National
Institutes of Health and the Laboratory, U.S.A.) software. One study hasn’t reported the
software used for FD analysis [18]. The studies have mostly used the ‘Box- counting
Method’ for FD calculation, but two studies haven’t mentioned the method of calculation
as tabulated in Table 3 [23,24].

Various outcomes for the relation of FD with the trabecular bone after implant place-
ment were recorded. The clinical trials conducted by Lee et al. [22] and Hayek et al. [26]
found a statistically significant correlation between the ISQ values and FD values. However,
a low correlation was found in the case of maxillary molars (p > 0.01). Kulczyk et al. [23]
found the mean FD of ROIs in the mandible to be approximately 1.57. Mean ISQ values
were higher in the mandible than in the maxilla. When compared in individual locations
linear correlation was found in all ROI, but it was statistically significant only in the neck
region. The results of a clinical study by Verhoeven et al. [24] showed no statistically
significant differences in any of the parameters close to and away from the implant. FD
and RFA values were compared by Abdulhameed et al. [27] using IOPAR in a randomized
trial and the results concluded that FD can be used as an adjunctive for the measurement
of implant stability. In the clinical trial by Gonzalez-Martin et al. [28] the mean FD change
after six months was recorded as 3%, i.e., 1.327 at baseline and 1.368 after six months.
Mu et al. [21] conducted a retrospective study, where the mean FD increased significantly
to 1.4329 £ 0.0479 from 1.4213 £ 0.0525 after one year, concluding that there was adaptive
remodelling. Sansare et al. [20] reported that FD can be used as a prognostic tool for the
measurement of implant stability. However, the values showed no statistically significant
differences in the measurement of FD, FeD, or lacunarity in the study by Onem et al. [15].
Retrospective studies by Suer et al. [16] and Soylu et al. [18] found a positive statistical
correlation between the measurements, but a retrospective trial by Zeytinoglu et al. [17]
found no significant statistical changes. Diana et al. [19] in an RCT evaluated the clinical
and radiographic changes concerning bone quality in immediate cases of implants aug-
mented with Platelet Rich Fibrin (PRF). Initially, there was a decrease in bone height, after
one month, it increased gradually during the whole course of follow-up. Veltri et al. [25]
investigated the correlation between damping and FD of an osseointegrated implant and
concluded with no significant correlation.
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Risk of Bias

Since the SR constituted maximum non-randomized clinical trials, the ROBINS-I Risk
of Bias Tool was used for risk analysis of the studies. The ROBINS-I tool for NRSI is based
on the QUADAS 2 tool to evaluate the diagnostic accuracy of the interventions used and
also to evaluate the internal validity of the studies [30]. RoB analysis of the randomized
studies was completed using RevMan 5.3 software (Cochrane Group, London, UK). In
the study by Abdulhameed et al. [27], the method of randomization was not mentioned.
Allocation concealment was not conducted in either of the included studies. While one
study was double-blinded, the other one was a single-blinded study. No other bias apart
from the before mentioned lines was found (Table 4).



J. Clin. Med. 2022, 11, 4051

14 of 20

Table 4. The result outcomes of Risk of Bias of non-randomized studies of the intervention.

Bias Due to
Adjustment for

Bias Due to Missing

Bias Due to Outcome

Author Confounding Bias Selection Bias Departures from Information Bias Reporting Bias Overall
Data Measurement
Intended
Interventions
Serious Moderate Low Low Serious Low Low
hsrril;)rl:: rssu?)njcticz/%rzrilot No selection bias. No missing or Calculated FD values The knowledge of the
Lee et al., 2010 [22] Y8 jec However, no No deviation from the . ng intervention used has No selective Serious
excluded, neither they . . . X . misclassified were not tabulated, . N
. . information about intended intervention . . . not influenced the reporting done
control it later in ) information only plots were given.
follow-up time. outcome measurement.
the study.
Low Low Low Moderate Low Low Low
Patients with the factors iﬂo llgrﬁ?g?rizgggr?s The knowledge of the
Kulezyk et al., 2018 [23] L s N No deviation from the p - intervention used has No selective Moderate
affecting implant stability No selection bias 3 . . used, as well as the No missing data. . -
intended intervention not influenced the reporting done
were excluded. method of FD
. outcome measurement.
calculation.
Serious Low Low Moderate Serious Moderate Low
No control methods were
used for the non-selection No information about Calculated FD values
Verhoeven et al., of factfors \ghlch can lkead ection bi No deviation from 1mp(11ant dm’ﬁensm}rlms wer(i not taibulfited, Outcon}';? azsessorsh No selective Seri
2010 [24] to confounding. Smokers, No selection bias : ; . used, as well as the only qualitative were not blinded to the X erious
. intended intervention . . reporting done
poor oral hygiene and method of FD changes were intervention used.
patients with systemic calculation. summarised.
diseases not excluded.
Low Serious Low Low low Low Low
. . Only 3 patients were
Gonzalez-Martin et al., 1 Proper inclusion selected for the study deviation f h No missing or _ The kn(?wledgzc})lf lecti Seri
2012 [28] exclusion criteria were set, ith th d No deviation from the isclassified .. intervention used has No selective erous
. . with the selecte . . . misclassifie No missing data. . -
and no post intervention - intended intervention . . not influenced the reporting done
criteria that would information
confounders present. outcome measurement.
favour the study.
Low Low Low Moderate Low Low Low
bygiene, under functionsl The knowledge of
Mu et al., 2013 [21] yelene, No deviation from No information about intervention used has No selective Moderate

prosthesis, non-smokers,
and systemically healthy
were included.

No selection bias

intended intervention

the trabecular changes.

No missing data.

not influenced the
outcome measurement.

reporting done
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Table 4. Cont.

Bias Due to
Adjustment for

Bias Due to Missing

Bias Due to Outcome

Author Confounding Bias Selection Bias Departures from Information Bias Reporting Bias Overall
Intended Data Measurement
Interventions
Serious Low Low Serious low Low Low
No information about The knowledge of
Sansare etal,, 2012 [20]  Confounding factors were I No deviation from the type of implant - intervention used has No selective Serious
No selection bias . . . used as well as the No missing data. . -
not controlled. intended intervention dimensions were not not influenced the reporting done
mentioned outcome measurement.
Low Low Low Serious low Low Low
Smokers and systemically No information about
ill were excluded. Oral :
prophylaxis completed the surgical protocol, The knowledge of
Hayek et al., 2020 [26] before surgery. Subjects No selection bias ) No devlgtlon from the type of implant No missing data. mterv‘enhon used has No sglechve Serious
were hot under intended intervention used as well as the not influenced the reporting done
medication that may dimensions were not outcome measurement.
affect bone metabolism. mentioned.
Critical Low low Serious low Low Low
No information about
Veltri et al., 2007. [25] No proper criteria or No deviation from the surgical technique infel;ii(:t?xiigz(;fas No selective Critical
controls mentioned for No selection bias . . . used as well as the No missing data. . N
. intended intervention . . . not influenced the reporting done
the confounding factors. dimensions of implants
: outcome measurement.
were not mentioned.
Serious Moderate low Critical Low Low Low
Only subjects with . .
& L 2012 [15 systemic diseases and ,ﬁg ;rllfrorig?’?;r;;li:oE; The knowledge of Critical
nem et al., (15] with medications that No mention of number No deviation from fg 1 qd ’ No missing d intervention used has No selective ritica
may affect bone of males and females intended intervention type of implant used as 0 missing data. not influenced the reporting done
. well as the dimensions
metabolism - outcome measurement.
were excluded. were not mentioned.
Moderate low Low Low low Low Low
. The knowledge of
Suer et al., 2016 [16] . ) . No deviation from No missing or L intervention us%d has No selective Moderate
Smokers included. No selection bias . . . misclassified No missing data. . -
intended intervention information not influenced the reporting done
’ outcome measurement.
Moderate low Low Moderate Low Low Low
Zeytinoglu et al., Few confounding factors The knowledge of
eytnogu eta 5 8 Moderate

2015 [17]

such as smoking and poor

oral hygiene
not excluded.

No selection bias

No deviation from
intended intervention

No information on
implant dimensions.

No missing data.

intervention used has
not influenced the

outcome measurement.

No selective
reporting done
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Table 4. Cont.

Bias Due to
Adjustment for

Bias Due to Missing

Bias Due to Outcome

Author Confounding Bias Selection Bias Departures from Information Bias Reporting Bias Overall
Data Measurement
Intended
Interventions
Moderate Low Low Moderate Low Low Low
Soylu et al.,, 2021 [18] Few confounding factors No mention of the The knowledge of Moderate

such as smoking and poor
oral hygiene
not excluded.

No selection bias

No deviation from
intended intervention

software used for FD
calculation.

No missing data.

intervention used has
not influenced the
outcome measurement.

No selective
reporting done
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4. Discussion

The structured review described the use of FD in dental radiographs to determine
the implant stability and it was seen that the maximum number of studies used IOPA
radiograph after implant placement followed by OPG. Only one study has used CBCT [28].
In one of the studies, an oblique lateral cephalometric radiograph was used, which has
very little application in implantology [24]. The study claimed that it was easy to obtain
reproducible changes in a large part of the mandible/maxilla using an oblique lateral
cephalometric radiograph and hence it was easy to observe the densitometric changes
after implant placement. Calculation of FD using CBCT is recent and novel in the field of
implantology and not many studies have been conducted using CBCT, although it is one
of the best methods for measurement of trabecular bone width, height, and dimensional
changes [31]. Unlike IOPAR, lateral cephalometry, and OPG, it doesn’t absorb the X-ray in
the focal region, hence eliminates distortion and overlapping [32]. A simple X-ray provides
two-dimensional radiography where the original architecture of the bone is not recorded.
A 3-dimensional image of the internal bone structure can be seen in CT scans, MRI scans,
and CBCT.

The articles reviewed showed that most of the articles had considered FD in radio-
graphs taken at baseline, suggesting that primary implant stability was mostly evaluated.
Three studies considered only secondary stability; the maximum time at which secondary
stability was elicited was at 36 months after placement of the implant [25]. The rest of the
studies measured both primary as well as secondary implant stability. It is preferable to
calculate FD at baseline, i.e., primary stability as well as after a few months for secondary
stability, to know the trabecular changes during osseointegration. This goes in accordance
with the study by Heo et al. [33] who evaluated the radiographic alterations of the treatment
site and found out that the FD value resulted to be low just immediately after surgery
and gradually increased with bone remodelling. Although quantitative characteristics
can be calculated using FD, its use in initial or primary implant stability prediction is
debatable. While the most clinically used is RFA, there is minimum data and scientific
evidence on the relationship between bone-implant interface and ISQ values. Also, there
is different interpretation leading to uncertainties because of the observer subjectivity.
There is a requirement for quantitative methods to keep a check on subjective variation in
ISQ interpretation.

The software mostly used for FD analysis was Image J software, available in a public
domain as https:/ /imagej.nih.gov /ij/ [34]. Itis an image analysis program used extensively
in biological sciences. The advantages of the software are its ease of use, extensible plug-in
architecture and recordable macro language. A sequence of the process was followed by
the authors. High-resolution and compressed images were saved, after extraction of the
binary image using the software. The sequence that was followed is cropping of the ROI,
then, duplication of the ROI and removal of large-scale variations in brightness with a
blurred Gaussian filter (sigma = 35 pixels, kernel size = 33 x 33). Subsequently followed by
subtraction of ROI from the original image, then 128 grey values were added to each pixel
location, binarization was completed; erosion, dilatation, inversion and skeletonization
were also events in this sequence [35].

The placement of ROI was found to be more difficult than selecting ROI size. ROI
selected was mostly the whole implant area [22,24], followed by mesial and distal areas
adjacent to the first macro thread of the implant screw [21,25,27]. Although no proper study
has been conducted to evaluate which trabecular area should be calculated for changes
in FD to measure the implant stability. A two year study conducted by Wilding et al. [36]
found a significant increase in FD around implants specifically around the neck.

Until now, RFA is supposed to be the most widely used and reliable method of
implant stability measurement. Within the seven studies included in the present review
that compared FD with the RFA, five studies found a significant statistical correlation
between FD and RFA measurements. However, in the study by Abdulhameed et al. [27],
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the result showed that a significant correlation was present between FD and RFA values
only with one ROI, whereas in the other ROI the correlation was non-significant.

Insertion of the implant is not a simple procedure. It is rather accompanied by various
pre-insertion steps, such as determination of the site of insertion, presence of any bony
defects, measurement of the width of the alveolar ridge, bone density, etc. [37,38]. Therefore,
according to the requirements, implant therapy has to be compiled with other treatments for
better healing [39]. This might affect the FD values. Also, implant surface treatments [40]
might affect the FD measurements. Hence, these factors can be taken into consideration
while FD analysis.

One of the factors which determines the stress distribution around the implants is
whether it’s a tissue level or a bone level implant. Various studies have shown that bone
level implants have higher stress distribution around them as compared with tissue level
implants [41,42] reducing early failure risks. The prosthetic design also has a bearing on
implant stability. Based on the scarce data we have, it could be said that properly adjusted
splinted and milled prosthesis should be used to prevent excessive loading [43].

Despite all the advantages, FD analysis comes with its share of demerits. One of
the primary limitations is the dimension of ROI. Whatever dimension the ROl is chosen,
it is difficult to visualise the complete implant length on IOPARs. RFA represents the
whole length of the bone-implant interface however; the chosen dimension of ROI doesn’t
represent it. This was contradicted in studies by Meredith et al. [44] and Pattijn et al. [45].
They demonstrated that when a proper fixation of an implant is present, an increase of
implant length embedded in the bone does not affect RFA significantly. In other words,
given a stiff interface, it seems that resonance frequency is not affected by the implant
length inside the bone. As a result of this, it could be supposed that vibration response
can be correlated with a shorter ROI. Another drawback comes with the means to obtain
radiographic images, i.e., conventional or digital, the conventional one is later converted to
digital. So, both might differ in regards to the image resolution, giving different values of
FD. The third limitation is the method of calculation of FD. Different calculation methods
can yield different FD values. The most commonly used are the box-counting method and
pixel-dilation method. However, there is no reliable source to confirm the best method of
FD calculation, although, in this review, all the articles have used the box-counting method.
It was also observed that some studies suggest an increase in FD with a decrease in bone
density while other studies suggest vice versa [16]. This might be due to the complex
nature of the bony trabeculae.

Other modalities of radiographic analysis can also be used along with FD for more
accurate measurements such as the Finite element analysis and FeD analysis [20]. The Finite
element analysis that measured the trabecular changes with strain was also compared and
was found analogous with FD [46].

5. Conclusions

With the ever changing field of research, the utilization of the FD has significantly
increased in the field of dentistry. The included studies concluded that FD analysis can
be used as a viable and easily accessible method for bone quantification, however, due to
its novelty, until now there is no consensus on a standardized protocol for FD calculation.
Therefore, FD cannot be used as a single methodology of measurement of implant stability.
It can be either used as an adjunct to the widely applied RFA or additional fractal factors
such as Feret diameter or lacunarity.

Author Contributions: Conceptualization, S.M. (Sukanya Mishra) and M.K.; methodology, M.K.;
software, B.L.; validation, L.M., RN. and R.M.; formal analysis, A.C.D. and S.M. (Sambhab Mishra);
investigation, S.P. and M.K.; resources, S.M. (Sukanya Mishra); data curation, R.M.; writing—original
draft preparation, S.M. (Sukanya Mishra) and M.K.; writing—review and editing, B.L.; supervision,
M.K.; project administration, L.M.; funding acquisition, B.L. All authors have read and agreed to the
published version of the manuscript.



J. Clin. Med. 2022, 11, 4051 19 of 20

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not Applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Karthik, K; Sivaraj, S.; Thangaswamy, V. Evaluation of Implant Success: A Review of Past and Present Concepts. . Pharm.
Bioallied Sci. 2013, 5, 5117-5119. [CrossRef] [PubMed]

2. Stelt, PF. Better Imaging:The Advantages of Digital Radiography. J. Am. Dent. Assoc. 2008, 139, S7-513. [CrossRef] [PubMed]

3. Prashanti, E.; Sajjan, S.; Reddy, ].M. Failures in Implants. Indian J. Dent. Res. 2011, 22, 446. [CrossRef]

4. Kowalski, J.; Lapinska, B.; Nissan, J.; Lukomska-Szymanska, M. Factors Influencing Marginal Bone Loss around Dental Implants:
A Narrative Review. Coatings 2021, 11, 865. [CrossRef]

5. Xing, Y.; Khandelwal, N.; Petrov, S.; Drew, H.].; Mupparapu, M. Resonance Frequency Analysis (RFA) and Insertional Torque (IT)
Stability Comparisons of Implants Placed Using Osteotomes versus Drilling Techniques: A Preliminary Case Study. Quintessence
Int. Berl. Ger. 2015, 46, 789-798. [CrossRef]

6.  AlJetaily, S.; Al-dosari, A.A. Assessment of OsstellTM and Periotest® Systems in Measuring Dental Implant Stability (in Vitro
Study). Saudi Dent. ]. 2011, 23, 17-21. [CrossRef]

7. Zanetti, E.M.; Pascoletti, G.; Cali, M.; Bignardi, C.; Franceschini, G. Clinical Assessment of Dental Implant Stability During
Follow-Up: What Is Actually Measured, and Perspectives. Biosensors 2018, 8, 68. [CrossRef]

8.  Satwalekar, P; Nalla, S.; Reddy, R.; Chowdary, S.G. Clinical Evaluation of Osseointegration Using Resonance Frequency Analysis.
I. Indian Prosthodont. Soc. 2015, 15, 192-199. [CrossRef]

9. Lo Giudice, R.; Sindoni, A.; Tribst, . P.M.; Dal Piva, A.M.D.O.; Lo Giudice, G.; Bellezza, U.; Lo Giudice, G.; Fama, F. Evaluation of
Zirconia and High Performance Polymer Abutment Surface Roughness and Stress Concentration for Implant-Supported Fixed
Dental Prostheses. Coatings 2022, 12, 238. [CrossRef]

10. Dimri, V.P; Srivastava, R.P.; Vedanti, N. Chapter 1—Introduction of Fractals: Application to Gravity and Magnetic Data. Fractal
Models in Exploration Geophysics; In Handbook of Geophysical Exploration: Seismic Exploration; Helbig, K., Treitel, S., Eds.; Elsevier
Science: Oxford, UK, 2012; Volume 41, pp. 1-28.

11.  Kato, CN.A.O.; Barra, S.G.; Tavares, N.PK.; Amaral, TM.P,; Brasileiro, C.B.; Mesquita, R.A.; Abreu, L.G. Use of Fractal Analysis
in Dental Images: A Systematic Review. Dentomaxillofacial Radiol. 2020, 49, 20180457. [CrossRef]

12. Huang, H.; Wu, G.; Hunziker, E. The Clinical Significance of Implant Stability Quotient (ISQ) Measurements: A Literature Review.
J. Oral Biol. Craniofacial Res. 2020, 10, 629-638. [CrossRef]

13. Lages, ES.; Douglas-de Oliveira, D.W.; Costa, F.O. Relationship between Implant Stability Measurements Obtained by Insertion
Torque and Resonance Frequency Analysis: A Systematic Review. Clin. Implant. Dent. Relat. Res. 2018, 20, 26-33. [CrossRef]
[PubMed]

14. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.;
Moher, D. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Healthcare
Interventions: Explanation and Elaboration. J. Clin. Epidemiol. 2009, 62, el-e34. [CrossRef] [PubMed]

15. Onem, E.; Giiniz Baksy, B.; Sogur, E. Changes in the Fractal Dimension, Feret Diameter, and Lacunarity of Mandibular Alveolar
Bone during Initial Healing of Dental Implants. Int. J. Oral Maxillofac. Implant. 2012, 27, 1009-1013.

16. Suer, B.T.; Yaman, Z.; Buyuksarac, B. Correlation of Fractal Dimension Values with Implant Insertion Torque and Resonance
Frequency Values at Implant Recipient Sites. Int. ]. Oral Maxillofac. Implant. 2016, 31, 55-62. [CrossRef] [PubMed]

17.  Zeytinoglu, M.; lhan, B.; Diindar, N; Boyacioglu, H. Fractal Analysis for the Assessment of Trabecular Peri-Implant Alveolar
Bone Using Panoramic Radiographs. Clin. Oral Investig. 2015, 19, 519-524. [CrossRef]

18. Soylu, E.; Cosgunarslan, A.; Celebi, S.; Soydan, D.; Demirbas, A.E.; Demir, O. Fractal Analysis as a Useful Predictor for
Determining Osseointegration of Dental Implant? A Retrospective Study. Int. J. Implant. Dent. 2021, 7, 14. [CrossRef]

19. Diana, C.; Mohanty, S.; Chaudhary, Z.; Kumari, S.; Dabas, J.; Bodh, R. Does Platelet-Rich Fibrin Have a Role in Osseointegration
of Immediate Implants? A Randomized, Single-Blind, Controlled Clinical Trial. Int. ]. Oral Maxillofac. Surg. 2018, 47, 1178-1188.
[CrossRef]

20. Sansare, K,; Singh, D.; Karjodkar, F. Changes in the Fractal Dimension on Pre- and Post-Implant Panoramic Radiographs. Oral
Radiol. 2012, 28, 15-23. [CrossRef]

21. Mu, T-].; Lee, D.-W.; Park, K.-H.; Moon, L.-S. Changes in the Fractal Dimension of Peri-Implant Trabecular Bone after Loading: A
Retrospective Study. . Periodontal Implant. Sci. 2013, 43, 209-214. [CrossRef]

22. Lee,D.-H; Ku, Y;; Rhyu, L-C.; Hong, J.-U.; Lee, C.-W.; Heo, M.-S.; Huh, K.-H. A Clinical Study of Alveolar Bone Quality Using
the Fractal Dimension and the Implant Stability Quotient. J. Periodontal Implant. Sci. 2010, 40, 19-24. [CrossRef] [PubMed]

23. Kulezyk, T.; Czajka-Jakubowska, A.; Przystanska, A. A Comparison between the Implant Stability Quotient and the Fractal

Dimension of Alveolar Bone at the Implant Site. BioMed Res. Int. 2018, 2018, 4357627. [CrossRef]


http://doi.org/10.4103/0975-7406.113310
http://www.ncbi.nlm.nih.gov/pubmed/23946563
http://doi.org/10.14219/jada.archive.2008.0357
http://www.ncbi.nlm.nih.gov/pubmed/18539866
http://doi.org/10.4103/0970-9290.87069
http://doi.org/10.3390/coatings11070865
http://doi.org/10.3290/j.qi.a34453
http://doi.org/10.1016/j.sdentj.2010.09.003
http://doi.org/10.3390/bios8030068
http://doi.org/10.4103/0972-4052.165171
http://doi.org/10.3390/coatings12020238
http://doi.org/10.1259/dmfr.20180457
http://doi.org/10.1016/j.jobcr.2020.07.004
http://doi.org/10.1111/cid.12565
http://www.ncbi.nlm.nih.gov/pubmed/29194944
http://doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19631507
http://doi.org/10.11607/jomi.3965
http://www.ncbi.nlm.nih.gov/pubmed/26478979
http://doi.org/10.1007/s00784-014-1245-y
http://doi.org/10.1186/s40729-021-00296-0
http://doi.org/10.1016/j.ijom.2018.01.001
http://doi.org/10.1007/s11282-011-0075-8
http://doi.org/10.5051/jpis.2013.43.5.209
http://doi.org/10.5051/jpis.2010.40.1.19
http://www.ncbi.nlm.nih.gov/pubmed/20498755
http://doi.org/10.1155/2018/4357627

J. Clin. Med. 2022, 11, 4051 20 of 20

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Verhoeven, J.W.; Ruijter, ].M.; Koole, R.; De Putter, C.; Cune, M.S. Bone Structure Changes in Iliac Crest Grafts Combined with
Implants. Clin. Implant. Dent. Relat. Res. 2010, 12, 289-296. [CrossRef] [PubMed]

Veltri, M.; Balleri, P; Ferrari, M. Damping Factor for Monitoring the Bone Interface at Dental Implants. Clin. Oral Implant. Res.
2007, 18, 738-742. [CrossRef]

Hayek, E.; Aoun, G.; Bassit, R.; Nasseh, I. Correlating Radiographic Fractal Analysis at Implant Recipient Sites with Primary
Implant Stability: An In Vivo Preliminary Study. Cureus 2020, 12, e6539. [CrossRef]

Abdulhameed, E.A.; Al-Rawi, N.H.; Uthman, A.T.; Samsudin, A.R. Bone Texture Fractal Dimension Analysis of Ultrasound-
Treated Bone around Implant Site: A Double-Blind Clinical Trial. Int. J. Dent. 2018, 2018, 2672659. [CrossRef] [PubMed]
Gonzalez-Martin, O.; Lee, E.A.; Veltri, M. CBCT Fractal Dimension Changes at the Apex of Immediate Implants Placed Using
Undersized Drilling. Clin. Oral Implant. Res. 2012, 23, 954-957. [CrossRef]

Veltri, M.; Ferrari, M.; Balleri, P. Correlation of Radiographic Fractal Analysis with Implant Insertion Torque in a Rabbit Trabecular
Bone Model. Int. . Oral Maxillofac. Implant. 2011, 26, 108-114.

Juni, P; Loke, Y.; Pigott, T.; Ramsay, C.; Regidor, D.; Rothstein, H.; Sandhu, L.; Santaguida, P.L.; Schiinemann, H.J.; Shea, B. Risk of
Bias in Non-Randomized Studies of Interventions (ROBINS-I): Detailed Guidance. Br. Med. |. 2016, 355.

Gonzalez-Garcia, R.; Monje, F. The Reliability of Cone-Beam Computed Tomography to Assess Bone Density at Dental Implant
Recipient Sites: A Histomorphometric Analysis by Micro-CT. Clin. Oral Implant. Res. 2013, 24, 871-879. [CrossRef]

Kiljunen, T.; Kaasalainen, T.; Suomalainen, A.; Kortesniemi, M. Dental Cone Beam CT: A Review. Phys. Med. 2015, 31, 844-860.
[CrossRef] [PubMed]

Heo, M.-S; Park, K.-S.; Lee, S.-S.; Choi, S.-C.; Koak, ].-Y.; Heo, S.-J.; Han, C.-H.; Kim, J.-D. Fractal Analysis of Mandibular Bony
Healing after Orthognathic Surgery. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2002, 94, 763-767. [CrossRef]
[PubMed]

Introduction. Available online: https://imagej.nih.gov/ij/docs/intro.html (accessed on 9 April 2021).

Ferreira, T.; Rasband, W. Image] User Guide. Available online: http://imagej.nih.gov/ij/docs/guide (accessed on 9 April 2021).
Wilding, R.J.C.; Slabbert, J].C.G.; Kathree, H.; Owen, C.P.; Crombie, K.; Delport, P. The Use of Fractal Analysis to Reveal
Remodelling in Human Alveolar Bone Following the Placement of Dental Implants. Arch. Oral Biol. 1995, 40, 61-72. [CrossRef]
Panda, S.; Doraiswamy, J.; Malaiappan, S.; Varghese, S.S.; Fabbro, M.D. Additive Effect of Autologous Platelet Concentrates
in Treatment of Intrabony Defects: A Systematic Review and Meta-Analysis. |. Investig. Clin. Dent. 2016, 7, 13-26. [CrossRef]
[PubMed]

Taschieri, S.; Del Fabbro, M.; Panda, S.; Goker, F; Babina, K.S.; Tampieri, A.; Mortellaro, C. Prospective Clinical and Histologic
Evaluation of Alveolar Socket Healing Following Ridge Preservation Using a Combination of Hydroxyapatite and Collagen
Biomimetic Xenograft Versus Demineralized Bovine Bone. J. Craniofac. Surg. 2019, 30, 1089-1094. [CrossRef]

Panda, S.; Purkayastha, A.; Mohanty, R.; Nayak, R.; Satpathy, A.; Das, A.C.; Kumar, M.; Mohanty, G.; Panda, S.; Fabbro, M.D.
Plasma Rich in Growth Factors (PRGF) in Non-Surgical Periodontal Therapy: A Randomized Clinical Trial. Braz. Oral Res. 2020,
34, e034. [CrossRef]

Mistry, S.; Roy, R.; Kundu, B.; Datta, S.; Kumar, M.; Chanda, A.; Kundu, D. Clinical Outcome of Hydroxyapatite Coated, Bioactive
Glass Coated, and Machined Ti6Al4V Threaded Dental Implant in Human Jaws: A Short-Term Comparative Study. Implant Dent.
2016, 25, 252-260. [CrossRef]

Cosola, S.; Toti, P.; Babetto, E.; Covani, U.; Penarrocha-Diago, M.; Pefiarrocha-Oltra, D. In-Vitro Investigation of Fatigue and
Fracture Behavior of Transmucosal versus Submerged Bone Level Implants Used in Fixed Prosthesis. Appl. Sci. 2021, 11, 6186.
[CrossRef]

Kim, J.-H.; Noh, G.; Hong, S.-J.; Lee, H. Biomechanical Stress and Microgap Analysis of Bone-Level and Tissue-Level Implant
Abutment Structure According to the Five Different Directions of Occlusal Loads. J. Adv. Prosthodont. 2020, 12, 316-321. [CrossRef]
Montero, J. A Review of the Major Prosthetic Factors Influencing the Prognosis of Implant Prosthodontics. J. Clin. Med. 2021, 10, 816.
[CrossRef]

Meredith, N.; Alleyne, D.; Cawley, P. Quantitative Determination of the Stability of the Implant-Tissue Interface Using Resonance
Frequency Analysis. Clin. Oral Implant. Res. 1996, 7, 261-267. [CrossRef] [PubMed]

Pattijn, V.; Lierde, C.; Perre, G.; Naert, I.; Vander Sloten, J. The Resonance Frequencies and Mode Shapes of Dental Implants:
Rigid Body Behaviour versus Bending Behaviour. A Numerical Approach. . Biomech. 2006, 39, 939-947. [CrossRef] [PubMed]
Chatterjee, B.; Sahoo, P. Finite Element Based Contact Analysis of Fractal Surfaces—Effect of Varying Elastic Modulus. Procedia
Eng. 2014, 90, 116-122. [CrossRef]


http://doi.org/10.1111/j.1708-8208.2009.00169.x
http://www.ncbi.nlm.nih.gov/pubmed/19438961
http://doi.org/10.1111/j.1600-0501.2007.01412.x
http://doi.org/10.7759/cureus.6539
http://doi.org/10.1155/2018/2672659
http://www.ncbi.nlm.nih.gov/pubmed/29849635
http://doi.org/10.1111/j.1600-0501.2011.02246.x
http://doi.org/10.1111/j.1600-0501.2011.02390.x
http://doi.org/10.1016/j.ejmp.2015.09.004
http://www.ncbi.nlm.nih.gov/pubmed/26481816
http://doi.org/10.1067/moe.2002.128972
http://www.ncbi.nlm.nih.gov/pubmed/12464904
https://imagej.nih.gov/ij/docs/intro.html
http://imagej.nih.gov/ij/docs/guide
http://doi.org/10.1016/0003-9969(94)00138-2
http://doi.org/10.1111/jicd.12117
http://www.ncbi.nlm.nih.gov/pubmed/25048153
http://doi.org/10.1097/SCS.0000000000005416
http://doi.org/10.1590/1807-3107bor-2020.vol34.0034
http://doi.org/10.1097/ID.0000000000000376
http://doi.org/10.3390/app11136186
http://doi.org/10.4047/jap.2020.12.5.316
http://doi.org/10.3390/jcm10040816
http://doi.org/10.1034/j.1600-0501.1996.070308.x
http://www.ncbi.nlm.nih.gov/pubmed/9151590
http://doi.org/10.1016/j.jbiomech.2005.01.035
http://www.ncbi.nlm.nih.gov/pubmed/16488232
http://doi.org/10.1016/j.proeng.2014.11.823

	Introduction 
	Materials and Methods 
	Search Strategy 
	Study Selection 
	Inclusion Criteria 
	Exclusion Criteria 


	Results 
	Discussion 
	Conclusions 
	References

