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Effect of titanium grade of dental implants on accuracy in linear and gray level
measurement of alveolar bone using cone beam computed tomography.
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The aim of this study was to compare the bone height, bone thickness and the gray value around the dental titanium
implants on cone beam computed tomography (CBCT) images between implant placement and without implant placement.
Two types of titanium implant were placed into the premolar area of 5 dry human mandibles. Each mandible was scanned 3
times by a WhiteFox® scanner; without titanium, titanium grade 4 and grade 5 placements. Bone height and bone thickness
were measured around the implant site on each radiograph. Paired t-test was used for comparison. The gray values were
measured around the implant sites at mesial, lingual, distal, and buccal aspects at 0.5 mm, 1 mm and 2 mm from the
implant surface. One-Way ANOVA was used for comparison the mean percent difference of gray values between 4 aspects.
For the results, titanium grade 4 produced an increase of 2.03% in bone height and a reduction of 2.48% in bone thickness.
Titanium grade 5 produced an increase of 1.52% in bone height and a reduction of 1.41% in bone thickness. Significant difference
(p < 0.05) was detected in bone thickness of titanium grade 5 when comparing measurements performed with and without
implant placement. Increased gray values were found at the lingual and buccal aspects of the implant sites, whereas reduced
gray values were found at the mesial and distal aspects of the implant sites. The mean percent difference of gray values at 4 aspects
around the titanium grade 4 showed the significant differences at 0.5 mm from the implant surface (p < 0.05) while the titanium
grade 5 showed the significant differences at 0.5 mm, 1 mm and 2 mm from the implant surface. (p < 0.05). For conclusions,
An increase in bone height and a reduction in bone thickness of two types of titanium implant on CBCT images hardly
produced the significant effect to the implant placement in clinical practice. The artifact around the two types of titanium

produced the increased gray values on buccal and lingual aspects while the reduced gray values were seen on mesial and

Abstract

distal aspects of implant sites.
Keywords: cone beam computed tomography, dental implant, titanium, artifact
INTRODUCTION

Cone beam computed tomography (CBCT) is frequently used
for the dental implant placement. It is a 3D digital radiography which
provides a sharper digital image than conventional tomogram.” The
radiation dose to the patient is lower than that of multi slice computed
tomography (MSCT).”’ Before the dental implant planning, CBCT will
be used to evaluate the feature of cortical bone, bone shape, bone
height and bone thickness.” It is also used to assess the bone density
of implant sites” It was claimed to be a reliable technique for the
linear measurement of alveolar bone ®® and gray value scan be used
to infer bone density and may provide a valuable aid to predict bone
quality at potential implant sites.” However, metal artifact is one of
the limitations of CBCT image. It produces the beam hardening and
streak artifacts®, which can hide the adjacent structures including
dimensional distortion from superimposition of metal artifact. Most
of the dental implants are constructed from metals or alloys such as
titanium and alloy titanium."” Therefore, when the second implant will
be put near the first implant, the artifacts from the first implant may
influence either to an accuracy of alveolar bone measurement or gray
scale density measurement at the second implant site. Therefore, the
aim of this study was to compare the bone height, bone thickness
and the gray values around the two types of dental titanium implant-
titanium grade 4 and titanium grade 5 on CBCT images before and after

the second implant placement.

MATERIALS AND METHODS

Five dry human mandibles were selected from the Gross
Anatomy Laboratory Dissecting room of the department of Anatomy,
Faculty of Medicine, Khon Kaen University with following criteria: each
mandible aged equal or more than 18 years, presented an alveolar
socket at premolar area, socket depth at least 12 mm. and have no
any metal restorations. This research was approved by the Khon Kaen

University Ethics Committee in human research (HE581072).

CBCT scanning

Each mandible was scanned three times using WhiteFox®
scanner (ACTEON, Italy)- flat panel type receptor, tube voltage of 105
kVp, voxel size of 0.1-0.5 mm, scanning time of 18-27 seconds, X-ray
exposure time of 6-9 seconds, reconstruction time of 30 seconds and
focal spot size of 0.5 mm x 0.5 mm. Before the scanning procedure,
the center of the implant site and the upper border of the mental
foramen were marked on mandibles by gutta percha no.20 and plastic
adhesive tape as the reference points of measurement (Figurel). The
mandibles were mounted on supporting plate providing the occlusal
plane parallel to the horizontal plane. The implant site was lied in
the center of field of view (FOV) sized 60 x 60 mm2 using the laser
orientation beam (Figure 2). The voxel size was 2 mm. Before the
second scan, the fixture of titanium grade 4 (PW Plus, Nakhon Pathom,

Thailand) with the diameter of 4.3 mm. and the height of 12 mm. was
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placed into the alveolar socket using the screw driver then covered
with the cover screw and was scanned with the same procedure as
the first time scanning. The third time scanning, the fixture of titanium
grade 5 (BioHorizons, London, United Kingdom) with the diameter of
4.6 mm. and the height of 12 mm. was placed into the socket using
the screw driver then covered with the cover screw before taking
the radiograph with the same procedure as the first and second

time scanning. The compositions of titanium implants were shown in

table 1.

Figure 1 The upper border of mental foramen (A) and the center

of alveolar socket (B) were marked with gutta percha.

Figure 2 The position of mandible during cone beam CT.

Table 1 The compositions of titanium grade 4 and grade 5 (9)
Titanium Element
N C H Fe O Al \ Ti

Grade 4 0.03 0.10 0.015 0.05 040 - - Balance

Grade 5 0.05 0.08 0015 030 0.20 5.50-6.75 3.50-4.50 Balance
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Radiographic examination

Twenty-four cross-sectional slices were cut from CBCT radiographs
around the implant surface of 3.5 mm using Whitefox Imaging® Version 3
(ACTEON, Oliate Olona Varese, Italy). Twelve slices were cut anteriorly,
and 12 slices were cut posteriorly to the implant site. The distance
of each slice was 0.5 mm. The bone height was measured from the
upper border of the mental foramen to the upper border of alveolar
ridge on the cross sectional view of 24 slices. The bone thickness was
measured from the lingual border to the buccal border of alveolar
bone through the upper border of mental foramen on the same 24
slices (Figure 3). Both of the bone height and bone thickness were
measured two times by two examiners separately and the average
was used for the calculation. The gray values were measured
on 4 slices on each radiograph along 4 mm. of the implant axis
at mesial (M), lingual (L), buccal (B) and distal (D) aspects around
the implants at 0.5 mm, 1 mm and 2 mm from the implant surface
(Figure 4). To assess the intraobserver reliability, the 10 images of
without implant placement were randomly selected and measured
twice by each observer. The second session was at least 1 week after
the first session. When intra-class correlation coefficient is more than

0.8, the observer will be accepted in the image evaluation (Table 2).

11 Janiity

Figure 3 Alveolar bone height and bone thickness measurements in CBCT

radiographs before implant placement (A) and after implant placements (B).

Upper border of alveolar bone
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Figure 4 Gray value measurements at mesial (M), lingual (L), buccal (B)
and distal (D) aspects around the implants at radius of 0.5 mm, 1 mm
and 2 mm from the implant surface (A). Gray value measurements

along the axis of implant (B).



Data analysis

Averages of bone height and bone thickness were compared
between with and without implant placement by paired-t test using
the Stata 10 for Windows (Stata Corp LP, Texas, USA). The data from all
five mandibles were calculated under adjusting the clustering effect.
Differences of bone height and bone thickness between with
and without implant placements were calculated as percentage.
Differences of gray value were calculated as percentage using the

following formula:

(Gray value - Gray value

with implant without \mplant> % 100

percent difference of gray value =
Gray value

without implant

One - Way ANOVA was used for comparison the mean percent
difference of gray values at 4 aspects around the implants at each
radius. Intra-class correlation coefficient (ICC) was used to evaluate

the interobserver and intraobserver reliability

RESULTS

With regard to alveolar bone measurements, the titanium grade
4 placements produced an increase of 2.03% in bone height and
a reduction of 2.48 % in bone thickness. No significant differences
(p > 0.05) were detected when comparing the measurements taken
with and without titanium placement for both parameters (Table 3).

The titanium grade 5 placements produced an increase of 1.52%
in bone height and a reduction of 1.41% in bone thickness. Significant
difference (p < 0.05) was observed in bone thickness measurement
when comparing performed with and without implant placement
(Table 4). No significant differences (p > 0.05) were detected when
comparing the measurements taken with titanium grade 4 and
titanium grade 5 placements for both parameters (Table 5). Regarding
to the gray values, the mean percent difference of gray values at 4
aspects of titanium grade 4 showed the significant difference at 0.5 mm
from the implant surface (p<0.005) while titanium grade 5 showed the
significant differences at 0.5 mm, 1 mm and 2 mm from the implant
surface (p <0.05) (Table 5). Increased gray values were found on mesial
and distal aspects of implant sites, reduced gray values were found on

buccal and lingual aspects of implant sites. (Figure 5)

Table 2 Intra-examiner and inter-examiner reliability test of two examiners in bone height.

Intra-class correlation coefficient (ICC)

Bone height Bone thickness Gray value
Examiner 1 0.912 0.926 0.989
Examiner 2 0.943 0.881 1.000
Inter-Examiners 0.885 0.862 0.991
Table 3 Mean alveolar bone height and bone thickness of without and with titanium grade 4 placements.
Alveolar bone Without Titanium Mean percent 95% ClI p-value
measurement titanium grade 4 difference (t-test)
Height N 120 120
Mean (mm.) 13.7 13.9 2.03 -0.86 to 4.92 0.123
SD 2.13 2.01
Thickness N 120 120
Mean (mm.) 12.2 11.9 -2.48 -5.66 to 0.70 0.096
SD 1.45 1.22

J Med Glob | Vol. 3 | No. 1 | Jan 2024



Table 4 Mean alveolar bone height and bone thickness of without and with titanium grade 5 placements.

Alveolar bone Without Titanium Mean percent 95% ClI p-value
measurement titanium grade 5 difference (t-test)

Height N 120 120
Mean (mm.) 13.7 13.9 +1.52 -0.37 to 3.41 0.089

SD 2.13 2.15

Thickness N 120 120
Mean (mm.) 12.2 12.0 -1.41 -2.73 to - 0.08 0.042*

SD 1.45 1.41

Table 5 Mean alveolar bone height and bone thickness after titanium grade 4 and grade 5 placements.

Alveolar bone Titanium Titanium Mean percent 95% ClI p-value
measurement grade 4 grade 5 difference (t-test)
Height N 120 120
Mean (mm.) 13.9 13.9 +0.51 -1.13t0 2.14 0.440
SD 2.01 2.15
Thickness N 120 120
Mean (mm.) 11.9 12.0 -1.07 -3.30 to 1.15 0.252
SD 1.22 1.41

Table 6 Mean percent difference of gray values and 95 % Cl of mean percent difference of gray values around the implant surface at different

aspects after titanium grade 4 and titanium grade 5 placements.

Site Titanium grade 4 Titanium grade 5

Mean percent 95% ClI P-value Mean percent 95% ClI p-value

difference difference

Radius 0.5 mm.

Mesial -203.1 -274.5 to -131.8 -246.1 369.2 to -123.1
Lingual +107.8 64.9 to 150.7 +74.1 213 t0 169.5
0.007% 0.007*
Distal 237.7 -403.0 to -72.3 238.3 342.9 to -133.8
Buccal +76.5 5.94 to 147.1 +167.1 96.8 to 237.3

Radius 1 mm.

Mesial -425.6 -861.3 to 10.2 -209.5 -310.3 to -108.6
Lingual +61.1 24.9 to 97.4 +74.0 35.1to 112.9
0.165 0.048*
Distal -295.7 -570.7 to -20.7 -128.8 -211.0 to -46.6
Buccal +0.24 -211.2 to 211.7 +126.3 -7.0 to 259.6

Radius 2 mm.

Mesial -213.1 -325.3 t0 -101.0 -124.3 -234.7 to -13.9
Lingual -174.6 -363.8 to 14.5 -500.7 -1259.3 to 257.9
0.121 0.035*%
Distal -156.3 -234.6 to -77.9 -288.0 -636.1 to 60.1
Buccal -66.8 -171.3 to 37.7 +42.7 19.2 to 66.3
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Figure 5 Mean percent difference of gray values around the implant site at radius of 0.5 mm, 1 mm, and 2 mm from implant surface

DISCUSSION

This experimental procedure simulated the clinical procedure
of implant placement using the real shape of implant and human
mandibles, the results can be inferred to the clinical situation.
For the alveolar bone measurements, both of the titanium grade 4
and titanium grade 5 produced an increase in bone height and a
reduction of bone thickness after the second implant placement.
Titanium grade 4 produced an increase of 2.03 % in bone height and
a reduction of 2.48% in bone thickness with no significant difference.
Titanium grade 5 produced an increase of 1.52% in bone height and
a reduction of 1.41% in bone thickness with significant difference in
bone thickness measurement after the second implant placement.
The results showed that titanium grade 4 produced more increase in
bone height and more reduction in bone thickness than titanium grade
5. However, no significant difference was detected when comparing
the measurements taken with titanium grade 4 and titanium grade 5
placements for both parameters. The difference of diameter between
titanium grade 4 and titanium grade 5 might cause the different results
in each measurement. With the limitation of this study, we could not
provide the same diameter of two types of titanium implant. The
wider diameter of titanium grade 5 showed the statistically significant
difference in bone thickness measurements while the titanium grade
4 did not show the statistically significant difference in bone thickness
when comparing taken with and without titanium implant placement.
Cremonini et al."” examined the artifacts of nickel-chromium
metallic restoration on CBCT images. When nickel-chromium metallic
restoration was positioned over alveolar ridge adjacent to the mental
foramen region, they found that the nickel-chromium restorations
produced a reduction of 0.68% in bone height and an increase of
6.12% in bone thickness on CBCT images. No significant difference was
demonstrated when comparing measurements performed with and
without nickel-chromium metallic restoration. Their findings differed

from those of present study. The differences between studies were the

metal material and metal position. In 2012, Boas FE, & Fleischmann®
have reported that metal artifacts on CT image were particularly
pronounced with high atomic number metals such as iron or platinum,
and less pronounced with low atomic number metals such as titanium.
With a higher atomic number of nickel-chromium from Cremonini et al
study"?, it may produce more errors than titanium and alloy titanium
in alveolar bone measurements on CBCT image. As same as the metal
position, Cremonini et al"? study placed the nickel-chromium over
alveolar ridge which could produce the artifacts more than titanium
which was placed into alveolar bone in the present study.

For the pretreatment considerations and pretreatment
evaluations of single tooth implants, Shah and Lum® in 2008 have
recommended that the implant should be at least 1.5 mm away
from the adjacent teeth and should be at least 3 mm away from
an adjacent implant. The minimum available bone width should be
such that more than 1 mm of bone should be present on either side
of the implant buccolingually to keep the soft tissue levels stable.
This indicated that thin layer of bone thickness can effect to the
success of implant treatment. Although the titanium grade 4 and
grade 5 produced the differences in bone thickness and bone height
measurements only about 1.5% to 2.5% on CBCT image, this should
be considered in the pretreatment evaluation of single tooth implant
treatment when measuring the bone thickness and bone height.

Regarding to the gray value measurements, the result of this
study showed that both of the titanium grade 4 and titanium grade
5 produced the increased gray values at buccal and lingual aspects
around the implant sites while the reduced gray values was observed
at mesial and distal aspects around the implant sites. This result had
an agreement with the result of Benic et al"® study in 2013. They
assessed the artifacts induced by titanium dental implants on CBCT
images. When 4.1 mm diameter titanium implant was place into the

stone models of human mandible at several single-tooth gaps position and

J Med Glob | Vol. 3 | No. 1 | Jan 2024



the gray values were recorded at eight circumferential positions
around the implant at 0.5 mm, 1 mm and 2 mm from the implant
surface, they found that increased gray value were found at buccal
and lingual aspects, whereas the region of reduced gray values was
located mesially and distally at molar, premolar and canine sites
and at the mesio-buccal, disto-buccal, disto-buccal and disto-lingual
of the incisor sites. In the other words, the regions of reduced gray
values were located along the long axis of the mandibular body. This
study also has an agreement with the result of Sancho-Puchades™
study in 2014. When different implant materials-titanium 4.1 mm
diameter, titanium 3.3 mm diameter, titanium-zirconium (TiZr) 3.3 mm
diameter and zirconium dioxide (ZrO2) 3.5-4.5 mm diameter implants
were place into the stone models of human mandible at single-
tooth gaps lower left second premolar position and the gray values
were recorded with the same procedure of Benic et al study, they
found that all types of implant material showed positive gray values
buccally, mesio-buccally, lingually and disto-lingually, while the
negative gray values were detected mesially and distally. Their result
showed that ZrO2 implants caused the most pronounced artifacts in
CBCT, followed by TiZr and Ti implants. The intensity of the artifacts
around ZrO2 implants in CBCT exhibited in average the threefold
in comparison to Ti implants. This indicated that different implant
material produced different change of gray value measurements.

In this present study, the mean percent difference of gray
value at 4 aspects around the titanium grade 4 showed the significant
difference at 0.5 mm from implant surface while the titanium grade 5
showed the significant differences at 0.5 mm, 1 mm, and 2 mm from
implant surface. As the different compositions between two grades
of the titanium, titanium grade 5 which was added 6% of aluminum
and 4% of vanadium can provide the farther artifacts than titanium
grade 4. In the other hand, the wider diameter of titanium grade 5 also
provided the farther artifacts than titanium grade 4. These led to the
significant differences of gray values at 4 aspects around the titanium
grade 5 at 0.5 mm, 1 mm, and 2 mm from the implant surface.

Previous studies have indicated the CBCT gray values have a reliability
in bone density assessment.”*® Emadi et al"® in 2014 reported that
the mean gray value of cortical bone was 1766 with the range of
1,470 to 2,134 and the spongy bone was 541 with the range of 366
to 745. However, the gray values from CBCT images were influenced
by device and scanning settings."” Thus, to assess the bone density
at circumferential position 2 mm around the two types of titanium
implant, an examiner should consider the artifacts which produced
the increased gray values at buccal and lingual aspects and the
reduced gray values at mesial and distal aspect. Nevertheless, without

clinical symptoms or certain postoperative complication, there is no

J Med Glob | Vol. 3 | No. 1| Jan 2024

indication for follow-up imaging of dental implant by means of CBCT
because it provides the higher radiation burden when comparing with
the two-dimensional radiography.“?

Some limitations of this study should be considered such as
the gap between implant surface and alveolar socket including the
soft tissues, facial muscles and skin which were not presented on
dry human mandibles. Further studies should be performed with the

complete component of implant. Prosthetic crowns should be fixed to

the dental implants in the experiment.

CONCLUSION

Under the condition of this study, the present of two types of
titanium implant hardly produced an increase in bone height and a
reduction in bone thickness on CBCT images which significantly affect
the implant placement in clinical practice. There was no significant
difference between titanium grad 4 and titanium grade 5 for both
parameters. The artifact around the two types of titanium produced
the increased gray values on buccal and lingual aspects while the
reduced gray values seen on mesial and distal aspects of implant sites.
Although this study showed no clinically significant difference, dentist
should be concerned of adjacent bone quality and quantity, when

reading CBCT, before the next second implant placement.
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Systematic reviews and meta-analyses are highly accepted approaches in health science research. The research
methodology has standardized thus makes them reliable to analyze the overall picture of various research findings. However,
these types of research generally take a long time to produce results and often have high costs. Even with the development
of rapid literature review guidelines (rapid review), there is still the problem of not being able to collect knowledge and make
it ready for use in a timely manner. Therefore, many automatic tools for systematic literature reviews, meta-analyses have
been developed. However, these automations have also been challenging from the past. These tools still not possible to
integrate every step of these type of research although automated rapid meta-analysis (RMA) had showed its feasibility. There
are also restrictions on access for general researchers due to commercial development of applications/platforms.

This rapid systematic review aimed to explore the available platforms that fully integrate the steps of a systematic
literature review to automated meta-analysis. Recently, increasing interest in the use of large language models (LLM) had
been widely mentioned, baseline information of all the platforms had been collected to facilitate researchers try using them,
to find the right platform for their domain and to serve as a guideline for developing research in this area.

The survey found that the development and the application of automation in medical research still faced many
challenges in achieving widespread and reliable use and had not yet reached for fully integration or automating the process

of meta-analysis in a seamless way. Therefore, additional studies are needed in the future to develop, integrate and validate

Survey, automatic rapid meta-analysis, Al-powered meta-analysis, Al-powered rapid meta-analysis, Large language Models,

Abstract

the effectiveness of these tools.
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rapid systematic review
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Summarized Abstract Methods Used

- Main statistics of 41 primary studies are
described.

- Results corresponding to each research
question are presented.

- Scientific databases are used for
evaluation and automated metadata
extraction.

- NLP preprocessing and representation
techniques are used for automation.

- SVM and Bayesian Networks are
commonly used for automation.

- Lack of evidence on Deep Leaming
techniques for automation.

Medicine:
Systematic Search
and Feature Analysis

‘Automation of - SLR studies aim to automate the - Automation
systematic literature process for efficiency and insight. techniques, NLP
reviews: A - 41 primary studies analyzed on preprocessing, machine
ic literature  automation of SLR. learning-based
review - Leading automated step is the ‘automation methods.
Selection of Primary Studies.
- No automation techniques found for
planning and reporting phase.
'Web-Based - Study compares web-based - Feature-by-feature
Software Tools for  software tools for systematic literature comparison of
Systematic review in medicine. systematic review tools.

- 53 SR tools found, 24 assessed for
features.

- Giotto Compliance, DistillerSR, and
Nested Knowdedge support the most
features.

- Few tools support direct search, dual
extraction, and living reviews.

- DistillerSR, Nested Knowledge, and
EPPI-Reviewer Web offer high density
of SR-focused tools.

- Assessment of 30
features across 6
classes for SR tools.

- Identified tools
supporting direct
search, dual extraction,
and living reviews.

- Challenges include dlass
imbalance, full-text

retrieval, feature selection.

- Limitations involve PDF
usage, active learning
model preference.

Practical Impl
- Identifies automation objectives,
application domains, and challenges in
SLR.

- Highlights the need for further
research to automate SLR activities.

Conclusions
- Conclusion validity measures the reproducibility of the
systematic literature review.
- The study followed a widely used protocol for research
question design, search process, screening criteria, and
quality evaluation.
- The systematic literature review process was discussed
among the authors to minimize bias.
- Conclusions were derived from extracted and synthesized
data to avoid subjective interpretation.

- 53 SR tools were found and 24 were
assessed.

- Giotto Compliance, DistillerSR, and
Nested Knowledge support the most
features.

- Only 10 out of 24 tools support direct
search.

- Only 7 out of 24 tools offer dual
extraction.

- Only 13 out of 24 tools offer
living/updatable reviews.

- Lack of comparison of
data extraction capabilities
in the paper.

- Helps in selecting web-based tools for
systematic reviews.

- Identifies tools supporting living
reviews and dual extraction.

- Highlights areas of growth needed in
existing software offerings.

- Supports transparency and replicability
in systematic reviews.

- DistillerSR, EPPI-Reviewer Web, and Nested Knowledge
are the highest-performing SR tools.

- Screening is the most commonly offered and robust
feature class.

- Extraction, especially quality-controlled dual extraction, is
underprovided.

- Living reviews are underprovided by the SR tools reviewed.
- The review enables transparent and comprehensive:
comparison of SR tools.

Towards a Semi-A
ds a Semi-
‘Automated Appr
omated Approach
for Systematic Liter
oach for Systematic
Literature

- Researchers face challenges in
performing systematic literature
reviews.

- Existing solutions lack
interoperability and hinder leveraging
advancements in ML and text analytics.
- The paper presents a flexible and

~ Design Science
Research methodology

- Leveraging Machine

and question answering
technigues.

for artifact development.

Learning, Text Analytics,

- Developed a flexible and modifiable
artifact for supporting systematic literature
reviews.

- Aims to leverage recent advancements in

Machine Learning and Text Analytics.

- Artifact is a first step towards semi-

automation of systematic literature reviews.

- Artifact assessed on
Digital Twin literature
«corpus, limiting
generalizability.

- Current requirements
may limit use to
researchers in related

~ Enhances efficiency in systematic
literature reviews using advanced
Machine Learning tools.

- Supports researchers in analyzing,
visualizing, and summarizing scientific
literature effectively.

- Addresses limitations of existing

- Developed a flexible and medifiable artifact for systematic
literature reviews.

- Artifact supports transparency, repeatability, efficiency,
and productivity in literature reviews.

- Core strength lies in its extensibility and ability to leverage
advancements in Machine Learning and Text Analytics.

- Artifact enables ion and opti of

biomedical literature
analyses: a scoping
review

for further research in automation.
and question answering
technigues.

Learning, Text Analytics,

- Limitations include missed articles due to
incomplete database coverage.

- Current requirements
may limit use to
researchers in related
fields.

Reviews modifiable artifact for supporting fields. software for literature reviews. literature reviews to a certain degree.
systematic literature reviews. - Valuable aid for researchers working under time pressure
- The artifact aims to semi-automate with large volumes of papers.
the review process. - Information Systems support in literature reviews will
- The development process follows a become increasingly important.
Design Science Research approach.
The use of artifidal - Al and ML automate biomedical - Design Science - Automation of biomedical literature - Artifact assessed on - Enhances effidency in systematic - Automation of biomedical literature surveys and analyses
intelligence for literature analysis for evidence-based  Research methodology  analysis has shown significant progress. Digital Twin literature literature reviews using advanced has made significant progress.
automating or semi  medicine. for artifact - Al applied in evidence, mining corpus, limiting Machine Learning tools. - Knowledge gaps exist in ML, deep learning, and natural
automating - Review highlights progress and need - Leveraging Machine  literature, and study quality analysis. generalizability. language processing.

- Supports researchers in analyzing,
visualizing, and summarizing scientific
literature effectively.

- Addresses limitations of existing
software for literature reviews.

A1999 2 fMegrnsisteyarnunaukuusaluliflaeiaIesile Elicit

- Further research is needed to consolidate the use of
automation by end-users.

Automating M

-Analyses of
Randomized Clinical Trials: A First Look

The paper discusses the importance of meta-
studies in analyzing treatment effectiveness,
influencing dinical guidelines, and guiding
research directions, highlighting the
challenges of manual construction and the
patential benefits of automation using

machine learning.

Towards Automated Meta-Analysis of
Clinical Trials: An Overview

The methodology involves a
comprehensive search of literature,
compiling and filtering results, statistical
analysis, and automation through
clustering, information extraction, and
statistical analysis.

research gaps suggested

The software used in the study is the
Paule-Mandel random effects model.

The study objectives are to highlight the
importance of meta-studies in understanding
treatment effectiveness and influencing
clinical guidelines, demonstrate the potential
for automating the meta-analysis process,
and identify future research directions to
achieve automation in meta-studies.

Answer not found!

The methodology involved a systematic
search of the literature in various
databases using specific search strings on
different dates to identify relevant artides.

Further studies are needed to
validate the performance of

machine leaming toals in the
application domain. Automation

of meta-analyses is still far

from being able to significantly
support and facilitate the work

of researchers. No research

Python, R, Java, Excel, C++, CUDA,
Docker, Lua, LuallT

The study objectives include identifying
trends and key characteristics of studies
showing automation in meta-analysis and
synthesis of dlinical trial data, determining
commen technologies and methods used,
evaluating impacts of automation in meta-
analysis, and identifying challenges and
proposed solutions for achieving reliable

Systematic review automation tool use
by S

technology assessors and clinical
quideline developers: tools used,
abandoned, and desired

health in ic reviews, health
technology assessments, and clinical
guideline development, with most users
perceiving them as time-saving despite often
abandoning their use.

online survey to systematic reviewers,
health technology assessors, and guideline
developers intermationally, using 16
questions. Descriptive statistics were
cakculated wsing Excel, and thematic
analysis was applied to free text
responses. Approval was obtained from
the Bond University Human Research
Ethics Committee, and participation was
voluntary.

gaps suggested. application of dlinical trial results in daily
medical practices.
Automation tools are becoming increasingly  The methodology involved distributing an Mo research gaps suggested Covidence, RevMan, Rayyan, GRADEPro, The study objectives are to investigate the

JBI-SUMAR, Excel, SurveyMonkey

use of systematic review automation tools
by different groups involved in evidence
synthesis, health technology assessment,
and guideline development, induding
identifying tools used and abandoned,
frequency and stages of tool use, perceived
time savings and accuracy, barriers to
adoption, and desired new toals.

Recent Trend in Artificial Intalligence-
Assisted Biomedical Publishing: A
Quantitative Bibliometric Analysis

The paper discusses the increasing
prevalence of Al-assisted writing in peer-
reviewed biomedical literature, even before
the widespread adoption of tools like
ChatGPT, highlighting the rising trend and
the need for guidelines to ensure responsible
and ethical use of Al technology in
developing biomedical literature.

The methodology involved testing the
sensitivity and specificity of the AI-
detection software Originality.AI by
generating abstracts with ChatGPT and
comparing them to abstracts from the
1980s. A MEDLINE search was conducted
‘o identify randomized controlled trials
with available abstracts indexed between
January 2020 and March 2023, with 30
abstracts per quarter randomly selected

for analysis using the Al detection

Towards Automated Meta-Analysis of
Clinical Trials: An Overview

Answer not found!

Mo research gaps suggested

Originality. Al (Collingwood, Ontario,
Canada), ChatGPT (Openal, San
Frandisco, California, United States)

The study objectives include identifying
trends in Al-generated content within peer-
reviewed biomedical literature, determining
the prevalence of Al-assisted publishing,
investigating the contribution of Al tools like
ChatGPT to biomedical literature, and
exploring the increase in rates of Al-assisted
writing before the widespread availability of
such tooks.

The methodology involved a systematic
search of the literature in various
databases using specific search strings on
different dates to identify relevant artides.

Further studies are needed to
validate the performance of

machine leaming toals in the
application domain. Automation

of meta-analyses is still far

from being able to significantly
support and facilitate the work

of researchers. No research
gaps suggested.

Python, R, Java, Excel, C++, CUDA,
Docker, Lua, LuallT

The study objectives include identifying
trends and key characteristics of studies
showing automation in meta-analysis and
synthesis of dlinical trial data, determining
commen technologies and methods used,
evaluating impacts of automation in meta-
analysis, and identifying challenges and
proposed solutions for achieving reliable
application of dlinical trial results in daily
medical practices
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Aids in citation screening. A free, open-source, web-based application for facilitating citation screening for systematic reviews.
The program comprises two components; 8 web-based annotation tool that allows participants in a review to collaboratively

screen citations for relevance, and machine learning technologies that semi-automate this process.

freefopen source

deeper exploration. Ask with voice or text. Instant, up-to-date answer.
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Afforai https://afforai.com/ Afforai helps you search, summarize, and translate knowledge from hundreds of documents to help you produce trustworthy free trial
research.
ASySD https://camarades.shinyapps.io/ASySD/ A web application designed to de-duplicate large search results from multiple databases for systematic reviews. Upload your freefopen source
search to the web application and follow through each step to remove duplicate records. The code used to develop the web
application is available via GitHub. This free tool allows you to upload a file containing citation data and remove duplicate
ditations using a combination of automated and manual methods.
CADIMA hittps:/fwww cadima.info/index.php/area/evide  Supports protocol development; study selection; quality assessment; data extraction; report write up; collaboration; and, free trial
nceSynthesisDatabase document management.
CAMARADES https://camarades.shinyapps.io/meta-analysis- A web application for meta-analysis of predinical data. Functions indude: Effect size calculation (NMD/SMD/odds ratio) ; freefopen source
app/ Stratified meta-analysis ; Meta-regression ; Trim-and-fill analysis ; Egger's regression ; Graphs demonstration
citationchaser https://estech.shinyapps.io/ctationchaser/ This package contains functions to automate this process by making use of the Lens.org APL. An input artide list can be used to  freefopen source
return a list of all referenced records, and/or all citing records in the Lens.org database (consisting of PubMed, PubMed Central,
CrossRef, Microsoft Academic Graph and CORE)
concencus https://consensus.app/ Consensus is a search engine that uses Al to find insights in research papers. Consensus is a search engine that uses language  free trial
models to surface papers and synthesize insights from academic research papers. Consensus is not a chatbot, but we use the
same technology throughout the product to help make the research process more efficient. The current source material used in
Consensus comes from the Semantic Scholar database, which includes over 200M papers across all domains of science.
connected papers  https://www.connectedpapers.com/ Connected Papers is a unique, visual tool to help researchers and applied scientists find and explore papers relevant to their free trial
field of work. Algorithm then builds a Force Directed Graph to distribute the papers in a way that visually clusters similar papers
and pushes less similar papers away from each other. Database is connected to the Semantic Scholar Paper Col
Covidence https:/fwww.covidence. org/ Covidence is 8 web-based software platform managing systematic review writing. Besides study selection, it includes full-text free trial
review, bias appraisal, data extraction, and data export into ReviMan.
Deduplicatar https://sr-accelerator.com/# /deduplicator Integrated in SRA. This tool has two main functions freefopen source
1) To deduplicate a library prior to screening
2) To compare two libraries and remove already screened articles
Dispr https://sr-accelerator.com/# /disputatron Integrated in SRA. The Disputatron is a tool designed to automatically detect screening disagreements between reviewers of a  freef/open source
y review, who screened in EndNote.
DistillerSR hittos:/fwww distillersr.com) products/distillersr- An online application designed to automate all stages of the systematic literature reviews. Web-based tool that aids in reference  propriatory
- - screening and data extraction. Assessment of risks of bias. It was designed from the ground up to provide a better review
rience, faster project completion and transparent, audit-ready results.
Effect size calculator hittps://www.campbelicollaboration.org/researc  This is @ web-based effect-size calculator. It is designed to facilitate the computation of effect-sizes for meta-analysis. Four freefopen source
h-resources/effect-size-caloulator. html effact-size types can be computed from various input data: the standardized mean difference, the correlation coefficient, the
odds-ratio, and the risk-ratio.
Elicit Automate time-consuming research tasks like summarizing papers, extracting dats, and synthesizing your findings. free trial
EPPI-Mapper Tool for visualising ‘maps’ of research evidence. freefopen source
EPFI-Reviewer 4 EPPI-Reviewer 4 is the EPPI-Centre's comprehensive online software taol for research synthesis. It is a web-based software free trial
program for managing and analysing data in literature review. It was developed for all types of systematic reviews such as meta-
analysis, framework synthesis and thematic synthesis. Developed within the EPPI-Centre, at UCL Institute of Education.
EvidScience Evid Science uses Al to read the entire primary medical literature, powering the database of therapy evidence in the world. propriatory
GEMESIS Research is delighted to announce the acquisition of Evid Sdence. Evid is a leader in artificial intelligence and machine
learning in our industry — rooted in scientific rigor, quality, and most importantly transparency. The Evid platform allows users to
conduct superior literature reviews that can deliver a greater depth of assessment, at greater speed and deliver even greater
insights than previous methods. Conducting a systematic literature review (SLR) with Evid completely revolutionizes the process
in the depth and speed of the procedure.
ExaCT hittps://exact.duster.gctools.nrc.ca/ExactDemo/ Information Extraction system. The system is trained to find key information from scientific dinical trial publications, namely the free trial
intro.php descriptions of the trial's interventions, population, outcome measures, funding sources, and other critical characteristics. Can
evaluate risks of bias.

GRADEpro https: //www.gradepro.org/ GRADEpro is a RevMan extension that generates a summary of findings table. GRADEpro leads you through developing free for refugee's
quidelines, from scoping to summarizing the evidence to generating recommendations and disseminating them while effortlessly health project only
adhering to the GRADE approach. All final recommendations can be accompanied by carefully produced and consumer-oriented
presentations and interactive decision aids to share and fadlitate collaborative decision-making. "GRADEpro GDT is an easy to
use, all-in-one web solution to summarise and present information for healthcare decision making. It supports creating
summary tables for systematic reviews and health technology assessments. It also provides a database of GRADE evidence
tables and health care recommendations for adoption, adaptation and development of new guidelines." (website)

IRIS.ai hittps:/firis.aif A comprehensive AL/NPL platform for all your research processing: Smart search and a wide range of smart filters, reading list  propriatory

is, auto-generated summaries, autonomous extraction and matizing of data.

JANE https://jane.biosemantics.ora/ JANE searches for journals, articles, or authors using the submitted abstract or title. Likewise, it identifies articles to cite. JANE ~ freefopen source
searches PubMed documents to match journals, authors, or articles with your manuscript.

jenni.ai https://ienni.ail Supercharge Your Mext Research Paper. Jenni's Al-powered text editor helps you write, edit, and cite with confidence. Lots of free trial
functions.

LASERAL https: /fwww.laser.aif Seamless Screening. Dive into title & abstract screening and full-text screening with effidency. Laser Al's innovative user propriatory
interface highlights what matters and streamlines the screening process, giving your research team more time. Al-Assisted Data
Extraction.Harmonise data extraction and reduce double work with custom templates that suit your needs.Quality assurance and
data cleaning modules make your review audit-ready and transparent with a detailed project history. Organize and
reuse.Improve consistency and collaboration with shared project templates and data extraction forms. Work with your team in
real-time from anywhere and reuse data across projects with the help of controlled vocabularies.

Lateral https://www.lateral.io/ Lateral searches for the common terms across all articles at once. It shows similar texts as search results. Lateral can free trial
automatically tabulate data from relevant articles.

Litmaps hittps://app itmaps.com/seed Litmaps are visual citation maps that help you understand how your research connects. A seed map is a small map of the top free trial
ditations and references to an article. The fastest way to get started with a new artide or research topic. Discover traverses the
ditations and references of your artides to identify highly relevant literature you may not have been aware of.

Litsuggest hittps:/fwww.nchinlm.nih.gov/research/litsugg  LitSuggest is a web-based system for biomedical literature recommendation and curation. Advanced machine learning and free/open source

st/ information retrieval techniques are utilized for finding and ranking publications pertinent to a topic of interest.

MAGICapp https://magicevidence.org/magicapp Develop and publish well-structured electronic guidelines, evidence summaries and decision aids. This tool is used post review  freefopen source
to facilitate drilling down and examine the primary studies used in the review. No install or setup required. The platform allows
authors to write and publish their guidelines and evidence summaries in a highly structured fashion, using the GRADE
methodology, new technology and a host of recent developed frameworks. MAGICapp is a web based collaborative tool that
does not require any software installation and allows publication on all devices.

MetaMap https://Ihnche.nim.nih.goy/iftools/MetaMap.ht - MetaMap is a highly configurable program developed by Dr. Alan (Lan) Aronson at the National Library of Medicine (NLM) to freefopen source

ml map biomedical text to the UMLS b t irus or, equivalently, to discover t irus concepts referred to in text.
MetaMap uses a knowledge-intensive approach based on symbolic, natural-language processing (NLP) and computational-
linguistic techniques. Besides being applied for both IR and data-mining applications, MetaMap is one of the foundations of
NLM's Medical Text Indexer (MTI) which is being used for both semi ic and fully ic indexing of ¢ fical
literature at NLM. (from website). Free but users are required to report on useage and to comply with MetaMap terms and
conditions and comply with the UMLS Metathesaurus License Agreement.

Nested Knowledge  https://about.nested-knowledge.com/ Nested Knowledge® offers a comprehensive software platform for systematic literature review and meta-analysis. The software  free trial
is composed of two parts which work in tandem. Search, screen, extract data, and complete aritical appraisal with AutoLit®.
Visualize, analyze, publish and share insights with Synthesis.

MetMetaXL https://netmetaxl.com/download.html MetMetaXL is a freely available, Microsoft Excel-based tool programmed in Visual Basic for Applications. It provides an interface  freefopen source
for conducting a Bayesian network meta-analysis using WinBUGS from within Microsoft Excel. This tool allows the user to easily
prepare and enter data, set model assumptions, and run the network meta-analysis, with results being automatically displayed
in an Excel spreadsheet. It also contains macros that use NetMetaXL's interface to generate evidence network diagrams, forest

Iots, league tables of pairwise comparisons, probabil ots (rankograms), and inconsisten ots within Microsoft Excel.

Nvivo hitps:/ihelp- NVivo is powerful software for qualitative data analysis. free but require
nv.asrinternational.com/20/win/Content/welco - Qualitative researchers describe, evaluate and interpret social phenomena. They analyze data from interviews, surveys, field Windows or Mac
mehtm# notes, web pages and journal articles and work in sectors from social science and education to healthcare and business. NVive  licenses to install

allows them to organize, a and visualize their data, finding the it contains.

Paper Digest https://www.paperdigest.org/ The platform to follow, search, review & rewrite scientific literature with no halludnations. Paper Digest covers papers, as well  propriatory
as patents, grants, clinical trials, software, venues, domain experts and the underlying connections between them. Users can
precisely control what sources are to be used for content generation (by choosing research areas, document genres, venues,
time ranges, authors, etc.) and if large lan e models should be applied.

perplexity.ai https:/fwww.perplexity aif Perplexity AI unlocks the power of knowledge with information discovery and sharing. Perplexity Copilot: Guided AL search for  free trial
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Polyglot https://sr-accelerator.com/#/ Integrated in SRA. Information Extraction system. The system is trained to find key information from scientific clinical trial free/open source
publications, namely the descriptions of the trial's interventions, population, outcome measures, funding sources, and other
critical characteristics. Integrated in SRA.
Rayyan hittps://www rayyvan.ai/ Free web-tool designed to speed up the process of screening and selecting studies. Screen citations. By automating the process  free trial
of
ditation snowballing, it may be possible to reduce the time and effort of commaon evidence surveillance. tasks such as keeping
RCT tagger https://arrowsmith. psych.uic.edu/cai- Automated filters which are offered as standalone tools. RCT Tagger: Automated RCT tagger for identifying human randomized ~ free/open source
bin/arrowsmith uic/RCT Tagger.cgi controlled clinical trial articles.
Aggregator: Clustering together RCT articles predicted to arise from the same underlying dinical trial.
Research Rabbit hittps://www.researchrabbit.aif Research Rabbit is a hool for mapping the literature. It searches prior and subseguent researches concerning submitted articles.  free/open source
It uses visuali ating relationships relevant papers. The author can use the platform to share the
content with the rest of the team.
ResearchPal hittps://www.researchpal.co/ Optimise your research capabilities with automated in-text citations, Literature Review Automation, PDF Chat, Al Powered Text  free trial
Editor, select the research papers from the project library and extract insights such as their contributions, limitations,
summaries, methods used, condusions etc.
RevMan https://training.cochrane.org/online- RevMan facilitates preparation of protocols and full reviews, induding text, characteristics of studies, comparison tables, and required Cochrane
learning/core-software/revman study data. It can perform meta-analysis of the data entered, and present the results graphically. account
RobotReviewer hittps://www robotreviewer,net/ RobotReviewer is a machine learning system which aims to support evidence synthesis. The demonstration website allows users free/open source
to upload RCT artides and see automatically determined information concerning the trial conduct (the 'PICO", study design, and
whether there is a risk of bias). Robot reviewer is a tool designed to automatically extract information about bias (using the
Cochrane Risk of Bias tool), and additionally, can extract information about the participants, interventions, and cutcomes
studied in a trial.
RobotSearch http://www.robotsearch.com/ RobotSearch allows you to upload an RIS file, and it will filter out articles that do not describe RCTs using their (highly accurate) propriatory
machine learning model. SmartSearch is a JavaScript based search system that performs full-text indexed searches on the
contents of a entire site or CD at a flashing speed.
Scalenut https://www.scalenut.com/ Scalenut writes content based on the keywords provided by the researcher. The contents are based on the most commonly propriatory
searched websites reporting the research topic. Sentences are written within seconds. In the end, the researcher determines
the relevance of the generated content.
SciNapse https://www.scinapse.iof Designed for Researchers. Not just a simple search engine. Intelligent data and quick access to state-of-the-art insights. free trial
SciSpace https://typeset.io/ SciSpace is an incredible (Al-powered) tool to help you understand research papers better. It can explain and elaborate most free trial
academic texts in simple words. Scispace Copilot can instantly answer your questions and simply explain scientific concepts as
you read
Scite_ https://scite.aif Scite_ shows how research artides have been cited, making it easier for researchers to find and understand them. Researchers  free trial

can read the context of a reference and determine whether it contains evidence that supports or refutes the citation statement.

By compiling the citation statements in one location, a researcher can determine how other researchers interpreted and

evaluated the article. Expert analysis and ngmons on any topic can also be found by searchugg culntuon stmemen!s and daums

rated in SRA. The Screenatron is 2 tool d 5

searchrefiner is an interactive interface for visualising and understanding queries used hcr retrieve mEdlt:aI literature for
ic reviews. searchrefiner is an open source project; the source is made available on GitHub.

I

https://ielab.io/ s‘war._hrel‘m“r

ned to allow fast abstract screeni

fraejnpen SOUrce

Shiny application https://estech.shinyapps.io/prisma_flowdiagra

or R skills.

Pnsrna Flow Diagram is an R package and a Shiny application that generates interactive flow diagrams under the PRISMA 2020 free/open source
mf reporting guidelines. The R version has tooltips and hyperlinks to facilitate interaction. The shiny version does not require coding

Silvi.ai hitps://www.sibviai/

JBI SUMARI https://sumari jbi.global/

SyRF https://syrf.org.ukf

funded by the NC3Rs.

Silvi is an end-to-end screening and data extraction tool supporting Systematic Literature Review and Meta-analysis. Silvi helps
create systematic literature reviews and meta-analyses that follow Cochrane guidelines in a highly reduced time frame, giving a
fast and easy overview. [t supports the user through the full process, from literature search to data analyses. Silvi is directly
connected with databases such as PubMed and ClinicalTrials.gov and is always updated with the latest published research. It
also supports RIS files, making it possible to upload a search string from your favorite search engine (i.e., Ovid). Silvi has a
tagging system that can be tailored to any project.
JBI SUMARI fadilitates the entire systematic review process from protocol to report, and incdudes team and contributor

management for effective and effident collaboration.
SyRF is a free-to-use online platform for performing systematic reviews of preclinical studies. It is an initiative by CAMARADES,

free trial

propriatory

free/open source

Systematic Review
Accelerator (SRA)

https://sr-accelerator.com/#/
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The IEBH SR-Accelerator is a suite of tools to speed up steps in the Systematic Review (SR) process. It is freely available for
anyone in the world to use. The SRA is a modular design which means the tools can be incorporated into existing SR workflows
and combined with other automation taols.

free/open source
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