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ABSTRACT

Purpose: This review aimed to evaluate the effects of the local delivery of antibiotics incorporated in
implant surfaces on some quantitative parameters of bone formation.

Materials and methods: An electronic search was undertaken in three databases (PubMed, Scopus, Embase)
in addition to hand searching. The search was limited to animal experiments using endosseous implants
combined with localized antibiotics release. Meta-analyses were performed for the percentages of bone
volume (BV) and bone-to-implant contact (BIC).

Results: Nine studies met the inclusion criteria. Several methods were identified for local delivery of
antibiotics at the bone-implant interface, but the most commonly used method was by coating (incor-
porating the implant surface with the antibiotic agents). Different antibiotic agents were used, namely
bacitracin, doxycycline, enoxacin, gentamicin, minocycline, tobramycin, and vancomycin. There was no
statistically significant difference in the percentage of BIC between implants with or without localized
antibiotic release (P=0.59). The meta-analysis revealed higher BV around implants coated with antibiotics
compared to control groups (without antibiotics) (P<0.01).

Conclusion: It is suggested that the local administration of antibiotics around implants did not adversely
affect the percentage of direct bone contact around implants, with a tendency for a slightly better bone
formation around implants when combined with local administration of antibiotics. It is a matter of
debate whether these in vivo results will have the same effect in the clinical setting. However, the risk

of bias of these studies may, to some extent, question the validity of these results.
© 2020 The Author. Published by Elsevier Ltd on behalf of The Japanese Association for Dental
Science. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Implant restorations to replace missing teeth became today one
of the main treatment modalities in dental practice with millions
of implants placed every year around the world [1,2]. Many of the
long-term studies on implant restorations reported survival rates
exceeding 90% after 10 years of follow-up [3,4].

However, implant associated infections remain a great threat
that may lead to several complications such as marginal bone loss,
complex revision procedures, and eventually implant failure. Bio-
material associated infections are seen as a big challenge since they
are difficult to treat [5,6]. As a result of these of infections, a series

* Corresponding author at: Department of Prosthodontics, College of Dentistry,
Qassim University, P.O. Box 6700, Burydah, 51452, Saudi Arabia.
E-mail addresses: dr.ali.alenezi@qudent.org, 4110@qu.edu.sa (A. Alenezi).

https://doi.org/10.1016/].jdsr.2020.09.003

of inflammatory responses are generated, which could complicate
the integration of implants and bone healing [7].

The bacterial invasion to the implant site is believed to hap-
pen following the trauma to the hard and soft tissue after implant
surgery [8]. Following that, different bacterial strains, mainly
Staphylococcus epidermidis, attach to implant surface to stimulate
the synthesis of extracellular matrix [9,10]. The presence of this
matrix will facilitate the biofilm formation and, if no actions are
taken, could lead to infection [11,12]. Such cases require early treat-
ment to avoid the need of advanced procedures to keep the implant.

In dentistry, antibiotics are occasionally prescribed prior to
implant surgery to decrease the risk of infections [13]. The sys-
temic administration of antibiotics is still the conventional method
used, although conventional antibiotic administration could have
limitations related to the antibiotic concentration [14]. Improper
antibiotic concentration in the blood could bring some unwanted
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side effects, being toxic at a very high level, and ineffective at a very
low level [15].

Besides the systemic way of administration, there is also the
release of antibiotics using local drug delivery systems, which
is recognized as a promising method to suppress local infection,
also minimizing the side effects associated with the conventional
administration of antibiotics. A study by Moojen et al. showed bet-
ter formation of bone around implants coated with antibiotics in
comparison to control implants [16]. The authors suggested that
this effect was a consequence of the reduced infection rates in the
antibiotic group, and claimed that infection-free bone may allow
better bone formation compared to infected bone [16].

Most of the used methods were based on incorporating or coat-
ing the implant surface with the antibiotic agents, and some of
these techniques succeeded to provide sustained antibiotic release
[17,18]. The release of antibiotics directly at the implant site could
provide low but effective therapeutic doses of drug compared to the
conventional methods. A possible negative effect of this method
would be the risk of interfering with the bone healing process
around the implant. It has been reported in some experiments
that antibiotics could have negative influence on the functions
of osteoblasts and osteoclasts [19,20]. Moreover, immobilizing
antibacterial agents onto the surfaces of implants could result in a
rapid burst release of antibiotics and low antibacterial effects [21].

The aim of the present study was to review and evaluate the
effects of the local delivery of antibiotics incorporated in implant
surfaces on some quantitative parameters of bone formation.

2. Materials and methods
2.1. Search strategies

An electronic search without time restrictions was undertaken
in December 2019 in PubMed, Scopus, and Embase. The follow-
ing terms, related to three main components (bone, implant, and
antibiotics), were used in the search strategies in each database:

(“bone remodeling” OR “bone formation” OR “bone regenera-
tion” OR “bone development” OR “bone growth” OR “osseointe-
gration”) AND (“biocompatible coated materials” OR “endosseous
dental implantation” OR “dental implants” OR “implants” OR
“bone-implant interface”) AND (“antibiotics” OR “antibacterial” OR
“antimicrobial” OR “infection” OR “drug delivery” OR “drug delivery
device” OR “drug delivery system” OR “drug release” OR “local drug
delivery”) AND (“animal experimentation” OR “animal models” OR
“animals” OR “in vivo”).

In addition, the reference list of the studies and the relevant
reviews on the subject were also checked, besides handsearching
of implant-related journals.

2.2. Inclusion and exclusion criteria

Eligibility criteria included publications evaluating the use of
localized antibiotics delivery with endosseous implants in animal
studies. The implant insertion needed to be combined with a antibi-
otics agent that was administrated locally or released from the
implant surface. The antibiotic agent should have been applied
locally before or at implant insertion. Only publications written in
English were considered.

2.3. Study selection

The study was designed based on the PRISMA guidelines to per-
form systematic reviews and meta-analysis [22]. Potential studies
identified in the initial search were required to meet the inclusion
criteria. The abstracts of the studies identified were read indepen-
dently by the two authors of this study. Full texts were read for
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the studies appearing to meet the inclusion criteria, or for which
there were insufficient data in the title and abstract to make a clear
decision. Disagreements were resolved by discussion between the
authors.

2.4. Data extraction

The following data were then extracted on a standard form,
when available: type of antibiotic agent, delivery system/method,
type of animal, number of animals, number of implants, time period
between the implantation surgery and the euthanasia of the ani-
mals, mean values and standard deviation of the percentages of
bone volume (BV) and bone-to-implant contact (BIC) around the
implants.

2.5. Risk of bias in individual studies

The analysis of the risk of bias for the included studies was
performed according to the Systematic Review Centre for Labora-
tory Animal Experimentation’s (SYRCLE) risk of bias tool for animal
studies [23].

2.6. Data analysis

Percentages of BV and BIC were the continuous outcomes eval-
uated. Weighted mean differences were used to construct forest
plots. The statistical unit was the number of implants used in the
experiments in each group.

Whenever outcomes of interest were not clearly stated, the data
were not used for analysis. The 12 statistic was used to express the
percentage of the total variation across studies due to heterogene-
ity. The inverse variance method was used for random-effects when
there was statistically significant (P<0.05) heterogeneity, and a
fixed-effects model was used when heterogeneity was not statisti-
cally significant. The estimates of an intervention were expressed in
mean difference (MD) in percentage, with a 95% confidence interval
(95% CI). The software Review Manager (version 5.3.3, The Nordic
Cochrane Centre, The Cochrane Collaboration) was used to perform
the meta-analysis.

3. Results

The summary of the study selection process is shown in Fig. 1.
The search process using the 3 selected databases and the hand
searching resulted in 1407 papers that were initially screened. The
second screening phase for papers that appeared to meet the inclu-
sion criteria resulted in 38 articles that were subjected to full text
reading, for which two were cited in more than one database (dupli-
cates), and 27 were excluded for not meeting the inclusion criteria
(Table S1 - Supplemental material). Thus, a total of 9 publications
were included in the review. Details of the included studies are
shown in Table 1.

The main method for delivering the antibiotic agents was
by loading antibiotics into coated layers on the implant surface.
These layers can be formed as hydroxyapatite (HA) or made from
polymeric materials. The animal group mainly used to exam-
ine local antibiotics release from implant surface was rodents,
either rats or rabbits. Different antibiotics agents were investigated,
namely bacitracin, doxycycline, enoxacin, gentamicin, minocycline,
tobramycin, and vancomycin (Table 1).

The included studies showed a considerable risk of bias, due to
lack of information regarding many of the research steps (Table S2
- Supplemental material).

Five out of the nine included studies reported BIC mean values.
In general, results of the percentage of BIC revealed similar values
between implants with or without antibiotics coating (Fig. 2). The
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Records identified through database searching
(Embase = 238), (PubMed= 546), (SCOPUS=552)

Additional records through other
sources (n=71)

N

Total Search results
n= 1407

Studies remaining after
screening
(n=36)

/

Full-text articles excluded (n=27):
14 Did not specify BIC or bone
formation values

Studies included for final
analysis
(n=9)

* 9 No antibiotic agent used
3 Not endosseous implant
1 Thesis work

Fig. 1. Study screening process.

Table 1
Details of the included studies.

Study Antibiotic Animal model  Implant site  No. of animals Methods for BIC Drug delivery system
used and bone volume
measurements
Adams et al. [24] Vancomycin  Rat Femur 11 WCT analysis Vancomycin-containing sol-gel film on
titanium alloy rods
Moojen et al. [16] Tobramycin Rabbit Tibia 72 Histological Tobramycin-loaded periapatite-coated
evaluation titanium foam implants
Altetal. [25] Gentamicin Rabbit Tibia 45 Histological Gentamicin-hydroxyapatite (gentamicin—
evaluation hydroxyapatite) and gentamicin—-RGD
(arginine-glycine aspartate)-hydroxyapatite
coatings
Fassbender et al. [26] Gentamicin Rat Tibia 72 CT analysis Gentamicin locally applied from a polymeric
coating of intramedullary nails
Walter et al. [27] Doxycycline  Rabbit Tibia 10 WCT analysis Binding of doxycycline onto a titanium
zirconium alloy surface
Neut et al. [28] Gentamicin Beagle Femur 12 Histological Poly (lactic-co-glycolic acid)
evaluation gentamicin-loaded hydroxyapatite-coated
surface
Nie et al. [29] Bacitracin Rat Femur 15 Histological Bacitracin immobilization on the titanium
evaluation and nCT  surface
analysis
Lietal. [30] Enoxacin Rat Femur 12 CT analysis Enoxacin loaded into titanium-nanotubes and
immobilized type I collagen/hyaluronic
multilayer coating on the surface of the Ti-NT
Shapiro et al. [31] Minocycline Rat Femur 22 CT analysis Minocycline femoral intramedullary injection

followed by implantation of titanium alloy rods

BIC measurements were divided into two subgroups according the
reported healing time, 4 weeks and 12 weeks. No significant differ-
ences were observed between the groups (P=0.59), with a mean
difference of only 1.84%. Six studies reported the percentage of BV
around the implants (Fig. 3). The results suggested a higher per-
centage of BV around implants coated with antibiotics compared to
the control group (without antibiotics) (P=0.0002), although with
small mean difference (4.14%).

4. Discussion

Implant successful treatment is believed to be a matter of good
integration with bone. This integration is achieved after a series
of healing phases following implant surgery, and different factors
are known to affect the process [32,33]. It is important to ensure
proper bone formation levels to obtain good implant integration
with bone. With that in mind, the amount of BV around implants
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Experimental Control
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Mean Difference Mean Difference

Study or Subgroup Mean _ SD Total Mean SD Total Weight |V,Random,95%Cl 1V, Random,95%ClI
4 weeks
Alt et al, 2011 Gentamicin-HA (a) 11 7.38 9 789 68 9 11.4% 3.11[-3.45, 9.67) K i
Alt et al, 2011 Gentamicin-RGD-HA (a) 3.87 45 9 789 68 9 11.5% -4.02 [-9.35, 1.31] -1
Moojen et al, 2009 (infected) 5 4 12 7 3 12 11.7% -2.00 [-4.83, 0.83] i
Moojen et al, 2009 (not infected) 22 3 12 24 4 12 11.7% -2.00 [-4.83, 0.83] 1
Neut et al, 2015 (a) 31.8 2 5 40 2 5 11.7% -8.20(-10.68,-5.72) b8
Subtotal (95% Cl) 47 58.1%  -3.10 [-6.58, 0.37] L
Heterogeneity: Tau® = 11.61; Chi? = 19.38, df = 4 (P = 0.0007); I* = 79%
Test for overall effect: Z = 1.75 (P = 0.08)
12 weeks
Alt et al, 2011 Gentamicin-HA (b) 247 19 9 338 128 9 9.8% -9.10[-24.07,5.87] — 1
Alt et al, 2011 Gentamicin-RGD-HA (b) 25.1 193 9 338 128 9 97% -8.70[-23.83, 6.43) s
Neut et al, 2015 (b) 43 10 7 475 9 7 10.8% -4.50[-14.47,5.47) —
Nie et al, 2017 87.7 4.04 5 393 351 5 11.6% 48.40[43.71, 53.09) =
Subtotal (95% Cl) 30 30 41.9% 6.87 [29.20, 42.95] =
Heterogeneity: Tau* = 1317.95; Chi* = 155.22, df = 3 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.37 (P = 0.71)
Total (95% Cl) 77 100.0%  1.84 [-9.45, 13.12] ?

Heterogeneity: Tau® = 280.68; Chi* = 461.12, df = 8 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Chi® = 0.29, df = 1 (P = 0.59), I = 0%

50 25 0 25 50
Favours [control] Favours [experimental]

Fig. 2. Forest plot for the comparison of the percentages of bone-to-implant contact between implants coated or not with antibiotics agents, according to healing time.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%CI 1IV,Random, 95%CI
Adams et al, 2009 (4 weeks) 60 2 1 57 2 11 15.2% 3.00[1.33, 4.67) &
Fassbender et al, 2013 (10 days) 20 2 5 20 2 5 13.8% 0.00 [-2.48, 2.48) T
Fassbender et al, 2013 (28 days) 50 5 5 50 5 5 7.2% 0.00 [-6.20, 6.20] =
Fassbender et al, 2013 (42 days) 60 6 6 60 5 5 6.8% 0.00 [-6.50, 6.50) .
Fassbender et al, 2013 (82 days) 80 8 5 90 9 5 3.5% -10.00[-20.55, 0.55] S
Li et al, 2019 (12 weeks) 20 05 5 165 05 5 16.5% 3.50[2.88, 4.12] .
Li et al, 2019 (8 weeks) 17.5 1 5 14 1 5 15.9% 3.50 [2.26, 4.74] 4
Nie et al, 2017 (12 weeks) 65 7 5 38 3 5 6.6% 27.00[20.32, 33.68) ——
Shapiro et al, 2020 (4 weeks) 36.7 108 11 306 75 11 54%  6.10[-1.67,13.87) T
Walter et al, 2014 (4 weeks) 46.42 13.25 6 43.75 18 6 1.4% 267 [-15.21,20.55) |
Walter et al, 2014 (8 weeks) 49.63 5.15 6 40.01 5.1 6 7.7% 9.62 (3.82, 15.42] -
Total (95% Cl) 70 69 100.0% 4.14 [1.93, 6.34] L 2

ity o . Chi2 = s . |2 = 859 + + + +

Heterogeneity: Tau? = 7.58; Chi2 = 68.86, df = 10 (P < 0.00001); I2 = 85% 20 -10 0 10 20

Test for overall effect: Z = 3.68 (P = 0.0002)

Favours [control] Favours [experimental]

Fig. 3. Forest plot for the comparison of the percentages of bone volume formation between implants coated or not with antibiotics agents.

was chosen as the main outcome for this review, in order to help
evaluate whether antibiotics coating would interfere with implant
osseointegration. The values of BV and BIC were used consistently
in the literature as a description of osseointegration.

For local antibiotic delivery applications, the subject of study in
the present review, it is necessary for the selected carrier material to
exhibit great biocompatibility with little antigenic properties [34].
In addition, these materials should ensure release of the therapeu-
tic agent at the target site in a controlled rate and duration [35]. In
their experiment, Alt et al. coated the gentamicin-hydroxyapatite
(gentamicin-HA) and gentamicin—-RGD on steel k-wires [25]. The
drug release analysis showed an initial burst release of around
65% of the gentamicin during the first hour followed by slower
release kinetics in the later 24 h. More importantly, the infection
rate decreased dramatically for gentamicin-coated k-wires com-
pared to the k-wires without antibiotics.

According to the present results, it is suggested that the
release of antibiotics locally around implants has no signifi-
cant influence on the percentage of BIC. One of the possible
explanations for this finding is the relatively low amount of antibi-
otics that can be released by these drug delivery techniques.
The results from the literature do not show a consensus on
this matter. Alt et al. investigated the effects of gentamicin-HA
and gentamicin—(arginine-glycine-aspartate)-HA coatings on new
bone formation [25]. In their experiment, 250 pg/cm of gen-
tamicin was coated on steel k-wires inserted in rabbits’ tibia
for the observation periods of 4 and 12 weeks. The quantita-

tive and qualitative histological evaluation revealed better BV
and better direct implant contact in the control group compared
with gentamicin coating group but with no statistically signifi-
cant differences. Meanwhile, other reports with various antibiotics
concentrations were associated with different BV levels when com-
pared with control implants. For instance, Neut et al. showed that
the bone ingrowth around poly (lactide-co-glycolide)-gentamicin-
HA-coated pins in femoral condyles of dogs was not impaired by
the presence of the gentamicin-loaded coating [28]. Although in
their animal experiment the bone grow was slightly less in the
pins coated with 10 g/ml gentamicin compared to the control
group.

On the other hand, the results of the analysis of BV suggest
that the local release of antibiotics has a slightly positive influence
on the percentage of BV in the region around the implants. Some
experiments showed that different concentrations of antibiotics
can be associated with different effects on bone cell. For instance,
Adams et al. [24]. investigated the total bone volume formation
around implant rods implanted into infected femur of rats, and the
implants coated with sol-gel films containing vancomycin showed
slightly higher total bone volume in comparison to the control
group. Walter et al. found that 141 pug/cm? dose of doxycycline
revealed an osteoinductive effects by enhancing the differentia-
tion of osteoprecursor cells at an early stage [27]. On the other
hand, Edin et al. [36]. reported that high concentrations of van-
comycin (more than 10,000 pg mI~1) could cause cell death, while
concentrations lower than 1000 wg ml~! had negligible effects on
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the replication of osteoblasts. Miclau et al. reported that osteoblasts
death can occur at concentration higher than 400 g ml~1 [20].

There were two main kinds of animals for this type of experi-
ments, dogs and rodents. These findings are similar to what was
reported in a previous review [37]. Small animals like rats and
rabbits are commonly used in implant research even with the bio-
logical dissimilarities that their bones have compared to human
bones [38,39]. This can be understood since these animals have
shorter healing time, which enable evaluation of bone formation
around implants at different healing phases [39,40].

Antibiotics agents with various spectra were examined among
the included studies, and gentamicin was the most common used
agent. Gentamicin belongs to aminoglycoside group of antibiotics
and is commonly prescribed to prevent implant associated infec-
tions and other periodontal infections [41,42]. Gentamicin has a
relative broad antibacterial spectrum but mainly for Gram-negative
bacteria. The antibacterial mechanism of gentamicin is based on
interrupting protein synthesis by binding the 30S subunit of the
bacterial ribosome [43].

Various techniques were examined to observe and evaluate the
direct bone formation around implants. It is important for any used
technique to allow accurate reading of the experimental data. All
the included studies in this review evaluated the bone formation
using either histological sections or micro-CT (.CT), or both. Pre-
viously, many researchers used thin histological sections of the
implant with the surrounding bone to observe direct bone forma-
tion under light microscopy [44]. These sections need to be ground
down to be few micrometers in thickness to allow examining single
cells layer [45]. The main drawbacks of this technique are that it is
a two-dimensional evaluation and need to be prepared with sev-
eral sawing and grinding procedures. Recently, wCT is used more
to observe the total amount of bone around the implant in three
dimensions. The wCT images permit observing the BV formation
and the entire surrounding region in three dimensions. For that,
WCT images are believed to be more descriptive than the histolog-
ical sections when assessing bone formation around implants.

The studies included in this review used methods were based on
implants coating while others used carrier materials such as gels or
polymers for the local release of antibiotics. Some studies used HA
coatings [16,25]. One of the limitations of the HA coating is that it
needs high processing temperature to be formed, which make it dif-
ficult for an antibiotic agent to be incorporated in the coating layer
[18]. Acommonly used technique for loading the therapeutic agents
into HA coating layer is simply by immersion the coated implant
in drug solution. However, several studies reported uncontrolled
release kinetics associated with this technique characterized by
early burst release in the first hour for most of the loaded drugs
[17.28].

Recently, numerous studies examined the use of some
biodegradable polymers as implant coating for local drug deliv-
ery [46,47]. These polymers can demonstrate sustained and slower
release rate compared to the HA coating [46]. Another great advan-
tage of these polymer coatings is that they allow the use of higher
volume and several types of antibacterial agents [47]. For instance,
gentamicin was loaded into poly (D, L-lactide) (PDLLA) coating to
treat implant associated infection in an animal model [48]. The
gentamicin demonstrated sustain release kinetics from (PDLLA)
coating that lasted more than two days. In the study of Li et al.
enoxacin was loaded into immobilized collagen/hyaluronic coated
implant [30]. This method involved the use of a carrier material in
the form of foam or polymeric coating. In other work, Alenezi et al.
developed a thin surface coating implants consists of a thin poly
(N-isopropylacrylamide)-co-acrylamide (PNIPAAm-AAm) polymer
for vancomycinrelease in vitro [49]. The vancomycin demonstrated
sustain release from the surface and was able to eradicate Staphy-
lococcus epidermidis bacteria in culture. Furthermore, Neut et al.
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developed a gentamicin-HA-coating with a protective PLGA [poly
(lactic-co-glycolic acid)]-overlayer to be examined as treatment
option for infection in cementless total joint replacement [28].
This gentamicin coated layer showed resistance of infection and
even good antibacterial efficacy toward some gentamicin-resistant
staphylococcal strains. PLGA is another polymer material that is
commonly used for encapsulation and release of wide range of
drugs and chemical agents. This polymer material is known for its
high biocompatibility and favorable biodegradable behavior that
were found to be suitable for drug delivery applications [46,50].

Implant surfaces can also be modified to show special nano fea-
tures, such as tubes or pores, for antibiotic release directly from
implant surface [51,52]. A common method used for the formation
of highly porous structures on implant surface is by anodization
[53]. For local drug delivery applications, these porous structures
can be modified to exhibit high loading capabilities. Some reports
revealed that titania nanotubes loaded with antibiotics can enhance
cell attachment, proliferation, and osteogenic differentiation [54].
However, some release behavior tests showed that drug release
from titania nanotubes can be associated early burst release, which
can lead to toxicity [55-57]. Therefore, a controlled release behav-
ior of antibacterial agents is crucial. Mesoporous TiO; coating on Ti
implants was examined in several experiments as a tool for local
drug delivery at the bone implant interface [58,59]. These meso-
porous coatings can be formed as uniformed and thin films with
highly porous surface that allow loading and releasing of several
drugs agents. For instance, Galli et al. investigated implants coated
with mesoporous TiO; films incorporated with magnesium [60]. In
their experiment, the release of magnesium from the coated layer
revealed better bone formation in rabbit bone after three weeks
of healing time in comparison to non-loaded mesoporous coated
implants.

The limitations of the present review include the small number
of included studies and the variations among each study regard-
ing the animal species, the observation period for bone formation
levels, the used antibiotic agent with different concentrations, and
the techniques used to calculate the percentage of bone around the
implants. All these variations and confounding factors may limit
the capacity to draw firm conclusions. The included studies have a
considerable risk of selection, performance, and detection bias. Fur-
thermore, the findings obtained from animal experiments cannot
be directly applied to human.

5. Conclusion

The results of the present review suggest that the local adminis-
tration of antibiotics around implants does not adversely affect the
direct bone contact with implants. There was better bone forma-
tion around implants when combined with local antibiotics release
in comparison to implants without antibiotics, but the mean differ-
ence was small. It is a matter of debate whether these in vivo results
will have the same effect in the human clinical setting in the long
term. However, the risk of bias of these studies may, to some extent,
question the validity of these results.
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Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.jdsr.2020.09.
003.
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