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Abstract  
 
The use of silver nitrate for the treatment and prevention of medical and dental infections dates 
back more than a century and forms the foundation of the antibacterial properties of silver 
compounds. Silver ions Ag+ destroy pathogens at concentration of 50 ppm. According to prospective 
study findings, Silver Diamine Fluoride (SDF) is a more effective caries-prevention strategy than 
topical fluoride. Additionally, it appears that all WHO goals are met by the accessibility of a prevent 
cavities medication that is secure, efficient, effective, and fair. In this study, the efficiency of silver 
diamine fluoride (SDF) in avoiding and halting cavities in the primary teeth and irreversible first 
molars was assessed. 
 DOI Number:10.14704/nq.2022.20.8.NQ44560                 NeuroQuantology 2022; 20(8): 5283-5289 

Introduction 
The most common chronic dental condition 
among people around the world is tooth 
decay. The American Dental Association has 
identified caries, which is the development of 
one or more rotting, damaged, or filed teeth 
and gums in any permanent tooth in a person, 
as a significant public health concern [1]. 
Despite a rise in caries, there has been 
evidence of a decline in total caries markers in 
past years. If this is left untreated, it may have 
an impact on other aspects of health, 
including body weight, development, and 
performance [2]. Additionally, children who 
have had dental caries are more likely to 
continue to have dental decay in their 
dentition even if treated. 
 
The caries development can be stopped and 
new cavities can also be prevented by using 
silver diamine fluoride (SDF). It has the 
combined actions of: dentin development 
promoted by silversalt to become sclerotic or 
calcified, strong germicidal action of silver 

nitrate and fluoride's capacity to prevent 
deterioration [3].Ever since Percy Howe 
published a paper for the utilization of silver 
nitrate for the prevention of caries, silver 
nitrate became known among dentists as 
"Howe's treatment” [4]. Howe served as the 
first director of research at The Forsyth 
Institute, and the Forsyth archive bears his 
name.  
 
The five presumptive characteristics of SDF 
that are of particular interest are regulation of 
irritation and inflammation; convenience and 
easiness of use (paint on); affordability of 
material; its cost effectiveness; lesser duration  
and controllability in usage ; as well as the fact 
that it is non-invasive.SDF has the possibility 
to be a "silver-fluoride bullet" that can stop 
the process of caries formation and delay 
caries at the same time. The World Health 
Organization's (WHO) Millennium 
Development Goals for Health, and in specific 
practices in dental hygiene, may help to 
better understand the need for substances 
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like SDF. The implementation of a general oral 
health ideologies, which includes medical 
assistance, preventive, and premium 
therapies, in that sequence, is the suggested 
means of reaching these goals [5].  
 
In order to "scale up" and increase 
accessibility to oral health services at a 
significantly lower cost, it will be necessary to 
apply straightforward technology. In the 
meantime, a substantial proof base will be 
required to form the foundation for each of 
these preventative treatments [6]. The most 
likely route to dental hygiene will be one that 
places a strong emphasis on prevention due 
to the ongoing population growth and the 
dwindling number of dentists who are 
available to continue providing medical 
assistance and restoration therapy. Molecules 
that contain silver fluoride could meet some 
of this demand [7]. 
 
Silver nitrate in the form of sutures and foils 
are one of the main silver compounds used in 
medicine today for preventing ocular and 
surgical pathogens. Amalgam-restored teeth 
have reportedly had dark areas where the 
decay's progression had stopped. The 
destruction of germs and the development of 
a "black crust," which produced a sclerotic 
outer cover of secondary dentin, are both 
suggested to have prevented cavities [8]. 
Similar findings are seen when silver nitrate is 
applied directly to caries lesions. Several 
exploratory in vitro and in vivo studies looking 
at the possible effectiveness of silver-fluoride 
regimens in preventing tooth decay have been 
conducted over the past 40 years. Research 
conducted in vitro revealed that S. mutans 
proliferation, periodontal metabolism, and 
the depth of caries lesions are inhibited by 
silver fluoride treatments [9].  
Comparable investigations in primary teeth 
revealed that the use of silver-fluoride 
reduces the lateral progression of caries. 
Although the initial research on silver fluoride 
showed an anti-caries effect, it was also 
shown that silver chloride can darken caries 
lesions (but not healthy tooth surfaces) [10]. 
Consequently, more recent in vitro studies are 

looking at the silver fluoride and potassium 
iodide reaction outcome, which results in a 
white silver iodide side reaction. 
Unfortunately, this manufacturer's capacity to 
stop infections in vivo has not yet been 
proven. 
 
Working Mechanism 
Systems of action Soft Lewis bases frequently 
develop strong bonds with soft Lewis acids 
that have high polarising power (a high ratio 
of ionic charge to the radius of the ion) much 
like transition metal silver. These consist of 
the levels of nitrogen ligands found in 
proteins' cysteine and histidine sequences 
[11]. The interactions listed here may be the 
cause of how silver affects germs and tooth. 
 
Silver has been suggested to have a variety of 
ways of action. The numerous biological 
entities (such as bacteria, protozoa, fungi, and 
viruses), subcellular targets (such as 
cytoplasmic membrane, compartments, and 
nuclei), and procedures (such as metabolism, 
replication) that have been studied may help 
to partially explain this. According to 
investigations, silver interferes with DNA and 
protein sulfhydryl, changing hydrogen bonds 
and preventing the formation of cell walls, 
DNA unwinding, respiration activities, and cell 
proliferation [12]. These interactions have a 
macro level impact on bacterial death and 
prevent biofilm development.  
 
When silver diamine fluoride is administered 
to caries lesions, the key interaction dictates 
how it may engage with microorganisms, 
mediating caries prevention by bacterial 
death and inhibiting caries progression 
through to the prevention of biofilm 
development. Researchers discovered that 
silver nitrate and sodium fluoride both have 
intricate processes for their effects on teeth 
[13].  
 
The interplay between sodium fluoride and 
calcium phosphate to produce fluorapatite 
and sodium hydroxide is among the most 
well-known. The relationship between a basic 
environment and dental calcium to create 
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calcium fluoride is not well known. Calcium 
nitrate, silver phosphate, and silver oxide are 
produced as the first reactions of silver 
nitrate.  
 
The use of silver in medicine has advanced 
significantly in recent years. To stop 
pathogenic bacteria in burn patients, topical 
medicaments with silver have indeed been 
authorized by the US Food and Drug 
Administration and sold worldwide [14]. In 
addition to colloidal silver being used in 
institutions to clean the ground water and 
lessen the transmission of infectious illnesses, 
a variety of medical applications with slow-
release silver have been created. In order to 
stop the spread of bacteria, silver materials 
are also utilized for surgical gowns and 
drapes. In addition to amalgam fillings, there 
are more recent dental uses for silver, such as 
preventing caries or testing nanocomposite 
fillings for their ability to reduce periodontal 
infections. 
 

Caries Treatment with SDF 
Obviously , we understand that periodontal 
disease and caries are infections. The 
infectious bacteria's method of action in 
caries is tooth decalcification.  
This review was carried out because of the 
apparent benefits (and possible drawbacks) of 
SDF for avoiding caries and controlling 
infections) [15]. Dental decalcification is the 
pathogenic bacteria's mode of action in caries. 
Fluoride may thus be the main preventive 
agent now being utilised to prevent diseases 
since it decreases acid solubility [16].  
 
Three metals, silver, gold, and stainless steel, 
have been successfully employed by dentists 
for more than a century to medically treat 
gum disease and diseases due to their evident 
benefits (and potential risks). Initial 
publications claimed that both in vitro and in 
vivo cavities may be controlled by SDF based 
on the suggestions for clinical instruction [17] 
(Figure 1).  

 

 
Figure 1. Clinical Instructions for the usage of SDF for arresting caries. 

 
Additionally, research has shown that SDF is 
effective in reducing caries across both 
permanent and primary teeth. SDF usage 
might play a significant role in complete and 
successful preventive programmes that 
achieve the WHO Millennium Targets if it is 
shown to be harmless, efficacious, patient-
centered, prompt, economical, and impartial.  
 
SDF may enhance oral health, expand access 
to care, and eventually lessen the need for 

urgent treatment and services. According to 
reports, a 38% SDF solution works well to cure 
caries arrest. SDF is often advised for kids who 
have a high risk of getting caries, frequently 
those who reside in underdeveloped or 
impoverished nations. It is important to assess 
the most recent data about SDF because it has 
just been approved in the United States as a 
short therapy to encourage cavities 
prevention. Such data may enhance the 
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provision of dental caries treatment, 
particularly for young children.  
 
In order to delay and stop lesions in the 
permanent and primary dentition, silver 
components are effective in caries control, 
according to prior comprehensive studies. In 
cases where other options aren't accessible, 
SDF can be used to manage dental cavities. It 
is a low-risk, inexpensive, and straightforward 
technique that can help young children feel 
less scared and anxious. Additionally, it could 
be used in public places. The studies that 
were chosen for this Review employed a 
range of SDF dosages, dose rate, follow-up 
times, and results. There are accessible SDF 
dosages of 10%, 12%, 30%, and 38%. For the 
purpose of preventing and stopping child 
dental diseases, 38% intensity interventions 
have been suggested in SDF review studies. 
SDF in dosages of 30% and 38% was more 
successful in the current SR at stopping 
cavities [18].  
 
The selection of an ideal SDF administration 
interval, nevertheless, was hampered by 
variations in research designs across the 
chosen studies. In the therapeutic use of SDF, 
safety is a crucial concern. The widespread 
usage of silver has both a benefit and a 
drawback. There are many convincing 
historical effectiveness data, and morbidity 
and side events are few. Nevertheless, 
compared to new compounds, many 
established agents are "grandfathered" by 
government organizations, allowing for their 
continuing usage with less safety assessment.  
 
In spite of the fact that there are several 
possible negative effects that could happen, 
we were only able to find published studies 
that addressed the negative events included 
in this study. Here, there seem to be primarily 
two points of view: personal and professional. 
Pulpal irritability, dental discoloration, and 
oral soft tissue irritability are the primary side 
effects of SDF treatments. These SDF are 
reported as unharmful to the dental region 
such as teeth and pulp. One of the main 
drawbacks of this particular material is the 

black stains that appear on the teeth after the 
application. This staining on the teeth can be 
minimized by the application of potassium 
iodide. But the minimal irritation in the 
mucous can be observed even though the 
occurrence is rare. Occurrence of oral lesions 
is another side effect of SDF usage. But these 
could be overcome by the usage of low 
concentration SDF. Here are a few potential 
side effects of SDF: fluorosis, tissue irritation, 
caries staining, and pulpal irritation [19]. The 
presented investigations looked at four of 
these negative effects: the development of 
non-vital teeth, the colouring of secondary 
caries, and tissue inflammation. The alleged 
dangers of SDF and its potential toxicity to 
pulp were unsupported. On the other hand, 
both the control and interventional groups, as 
well as the initial and permanent teeth, 
experienced a similar incidence of pulpal 
lesions [20]. Comparable staining complaints 
were made, and 7% of individuals did find 
them bothersome. Three documented people 
experienced reversible lesions on their oral 
mucosa as a result of unintentional contact 
with SDF treatment. These lesions started as a 
tiny, hardly uncomfortable white lesion in the 
mucosa but quickly went away.  
 
There has been discussion about the potential 
for acute toxicity or the production of 
fluorosis while using SDF. The source of this 
worry was fluorosis in rats, when SDF was 
administered at a dose that was many times 
higher than that used in the research 
mentioned here. One cannot, nevertheless, 
establish (or rule out) this option in the 
absence of evidence. Practically speaking, one 
can think about their own and everyone else's 
safety. Anyone who works with radiography is 
familiar with the black staining caused by 
spilling silver nitrate on body, clothing, or 
surfaces. While the discoloration of clothing 
and countertops lasts a long time, it only lasts 
a few weeks on the skin. Silver nitrate must 
thus be used with caution in a hectic clinical 
environment. The European Union categorises 
silver nitrate as corrosive (C) and 
environmentally hazardous from a general 
safety standpoint (N) [21].  
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Silver nitrate is categorised by the US National 
Fire Protection Association as a "oxidizer (Ox); 
Can cause temporary incapacitation or 
possibly residual harm (Blue 2); Would not 
burn (Red 0); May generate explosive 
combinations with water at elevated 
pressures and temperatures (Yellow 2)." 
Silver, amine, and fluoride are the three 
elements that make up SDF from the 
perspective of a patient's safety. Silver has 
been utilised as an antibacterial agent for 
millennia and is now employed in a wide 
range of clinical and industrial disinfection 
purposes, such as the water purification 
process and the management of dental unit 
waterline biofilms. For medicinal purposes, 
the more complicated silver nitrate has been 
used for almost a century. Eye drops for 
babies to avoid contamination and cauterizing 
oral aphthous ulcers are two of the most 
popular applications [22]. Last but not least, 
fluoride, which was discovered to be an anti-
caries ingredient around 50 years ago, is 
regularly used in a wide variety of ways to 
prevent caries, including varnish, gel, salt, 
toothpaste, water, rinsing, and dairy.  
 
The administered dose of SDF is roughly one 
drop for each sector, administered with a 
brush, and washed off afterwards for dose-
related safety especially relevant to caries 
prevention. Therefore, while it is conceivable 
for SDF to cause negative outcomes, the 
chance seems modest from both the 
chronological and numerical views. Having 
stated that, exemplifying safety is also 
considered. The discovery of fluorosis in 10% 
of persons related with fluoridated water 
serves as a sobering lesson in this regard [23]. 
Populations, Study Design, and Optimization 
The executed literature search turned up just 
one cohort and one randomised controlled 
trial in terms of study design. A competence 
calculation was not supplied by either 
research. Consequently, this is a little 
database from which to base a fresh 
preventative approach. However, the results 
appear to be credible outcome predictions for 
caries management by SDF given the research 

sizes, durations, big variations here between 
treatment and control groups, and similarities 
in outcomes across investigations. Future 
research may take into account a stratified 
probability sampling given the risk profiles of 
the individuals in the two contained 
investigations to provide a good evaluation of 
the possible advantages of SDF for individuals 
at various risk levels. 
  
The research groups' subcategories in this 
review are also taken into account. Only one 
of the two recognised and qualified studies 
included permanent teeth in their 
investigation. Additionally, one research only 
looked at the teeth on the maxilla's front side. 
This restricts the information that may be 
used to support therapeutic applications of 
SDF. Caries, on the other hand, is an infection 
that results in dentin and enamel dehydration 
[24]. The orientation of effect therefore needs 
to be consistent, even though the quantifiable 
effect may differ among primary teeth, 
between posterior and anterior teeth, across 
populations, between the risk categories. 
Further research is required on this 
assumption. Finally, there are still 
unanswered questions regarding therapy 
effectiveness. SDF was used in the two 
included trials either once or twice a year, and 
the outcomes were comparable. This implies 
that one registration per year could be plenty. 
Permanent teeth, however, have a rather high 
NNT of 10, which suggests that more frequent 
treatment may be beneficial. 
 
Conclusion 
Overall, the modest dataset found here backs 
up the notion that SDF can have a major and 
significant benefit in stopping and preventing 
caries, even though many questions remain 
unanswered. Inferentially, SDF could offer a 
fresh quantitative preventative advantage for 
individuals and communities. Application is 
straightforward, the remedy is inexpensive, 
and implementation does not call for 
extensive training of the medical community. 
SDF therefore seems to satisfy the 
requirements both the WHO Millennium 
Development goal and the Institute of 
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Medicine's twenty - first century medical 
standards. To evaluate different methods, 
delivery mechanisms, and demographic and 
risk categories for occlusal, intermediate, and 
root caries, larger data sets are 
unquestionably necessary. Additionally, the 
uses of SDF for treating pulpal diseases, 
periodontal spaces, and dental problems. 
 
References 
[1] Pitts, N.B., Zero, D.T., Marsh, P.D., 
Ekstrand, K., Weintraub, J.A., Ramos-Gomez, 
F., Tagami, J., Twetman, S., Tsakos, G., Ismail, 
A., 2017. Dental caries. Nat Rev Dis Primers 3, 
17030. https://doi.org/10.1038/nrdp.2017.30 
[2] Aust, V., Knappstein, K., Kunz, H.-J., Kaspar, 
H., Wallmann, J., Kaske, M., 2013. Feeding 
untreated and pasteurized waste milk and 
bulk milk to calves: effects on calf 
performance, health status and antibiotic 
resistance of faecal bacteria: Untreated and 
pasteurized waste and bulk milk for calves. 
Journal of Animal Physiology and Animal 
Nutrition 97, 1091–1103. 
https://doi.org/10.1111/jpn.12019 
[3] Gao, S., Zhao, I., Duffin, S., Duangthip, D., 
Lo, E., Chu, C., 2018. Revitalising Silver Nitrate 
for Caries Management. IJERPH 15, 80. 
https://doi.org/10.3390/ijerph15010080 
[4] Howes, O.D., et al., 2017. Treatment-
Resistant Schizophrenia: Treatment Response 
and Resistance in Psychosis (TRRIP) Working 
Group Consensus Guidelines on Diagnosis and 
Terminology. AJP 174, 216–229. 
https://doi.org/10.1176/appi.ajp.2016.16050
503 
[5] Monahan, A.B., 2018. The Regulatory 
Failure to Define Essential Health Benefits. 
Am. J. Law. Med. 44, 529–577. 
https://doi.org/10.1177/0098858818821136 
[6] National Human Genome Research 
Institute, Green, E.D., Guyer, M.S., 2011. 
Charting a course for genomic medicine from 
base pairs to bedside. Nature 470, 204–213. 
https://doi.org/10.1038/nature09764 
[7] Furuya, T., Kamlet, A.S., Ritter, T., 2011. 
Catalysis for fluorination and 
trifluoromethylation. Nature 473, 470–477. 
https://doi.org/10.1038/nature10108 

[8] Hiraishi, N., Yiu, C.K.Y., King, N.M., Tagami, 
J., Tay, F.R., 2010. Antimicrobial Efficacy of 
3.8% Silver Diamine Fluoride and Its Effect on 
Root Dentin. Journal of Endodontics 36, 1026–
1029. 
https://doi.org/10.1016/j.joen.2010.02.029 
[9] Peng, J.J.-Y., Botelho, M.G., Matinlinna, 
J.P., 2012. Silver compounds used in dentistry 
for caries management: A review. Journal of 
Dentistry 40, 531–541. 
https://doi.org/10.1016/j.jdent.2012.03.009 
[10] Horst, J.A., Ellenikiotis, H., Milgrom, P.L., 
2016. UCSF Protocol for Caries Arrest Using 
Silver Diamine Fluoride: Rationale, Indications 
and Consent. J Calif Dent Assoc 44, 16–28. 
[11] Michalek, J.L., Besold, A.N., Michel, S.L.J., 
2011. Cysteine and histidine shuffling: mixing 
and matching cysteine and histidine residues 
in zinc finger proteins to afford different folds 
and function. Dalton Trans. 40, 12619. 
https://doi.org/10.1039/c1dt11071c 
[12] Rai, M.K., Deshmukh, S.D., Ingle, A.P., 
Gade, A.K., 2012. Silver nanoparticles: the 
powerful nanoweapon against multidrug-
resistant bacteria: Activity of silver 
nanoparticles against MDR bacteria. Journal 
of Applied Microbiology 112, 841–852. 
https://doi.org/10.1111/j.1365-
2672.2012.05253.x 
[13] Chu, C.-H., Gao, S.S., Li, S.K., Wong, M.C., 
Lo, E.C., 2015. The effectiveness of the 
biannual application of silver nitrate solution 
followed by sodium fluoride varnish in 
arresting early childhood caries in preschool 
children: study protocol for a randomised 
controlled trial. Trials 16, 426. 
https://doi.org/10.1186/s13063-015-0960-2 
[14] Zhang, K., Lui, V.C.H., Chen, Y., Lok, C.N., 
Wong, K.K.Y., 2020. Delayed application of 
silver nanoparticles reveals the role of early 
inflammation in burn wound healing. Sci Rep 
10, 6338. https://doi.org/10.1038/s41598-
020-63464-z 
[15] Seifo, N., Robertson, M., MacLean, J., 
Blain, K., Grosse, S., Milne, R., Seeballuck, C., 
Innes, N., 2020. The use of silver diamine 
fluoride (SDF) in dental practice. Br Dent J 
228, 75–81. https://doi.org/10.1038/s41415-
020-1203-9 

5288

http://www.neuroquantology.com/
https://doi.org/10.1038/nrdp.2017.30
https://doi.org/10.1111/jpn.12019
https://doi.org/10.3390/ijerph15010080
https://doi.org/10.1176/appi.ajp.2016.16050503
https://doi.org/10.1176/appi.ajp.2016.16050503
https://doi.org/10.1177/0098858818821136
https://doi.org/10.1038/nature09764
https://doi.org/10.1038/nature10108
https://doi.org/10.1016/j.joen.2010.02.029
https://doi.org/10.1016/j.jdent.2012.03.009
https://doi.org/10.1039/c1dt11071c
https://doi.org/10.1111/j.1365-2672.2012.05253.x
https://doi.org/10.1111/j.1365-2672.2012.05253.x
https://doi.org/10.1186/s13063-015-0960-2
https://doi.org/10.1038/s41598-020-63464-z
https://doi.org/10.1038/s41598-020-63464-z
https://doi.org/10.1038/s41415-020-1203-9
https://doi.org/10.1038/s41415-020-1203-9


NeuroQuantology|July2022|Volume20|Issue8|Page5283-5289|doi:10.14704/nq.2022.20.8.NQ44560 
Sahar Mahmoud Mushtaha  et al / Utilization of Silver Diamine Fluoride for Caries Arresting 

 eISSN1303-5150                                                                                                                                                   www.neuroquantology.com 

                                                                                                                                                                          

 

[16] ten Cate, J.M., 2013. Contemporary 
perspective on the use of fluoride products in 
caries prevention. Br Dent J 214, 161–167. 
https://doi.org/10.1038/sj.bdj.2013.162 
[17] Yan, I.G., Zheng, F.M., Gao, S.S., 
Duangthip, D., Lo, E.C.M., Chu, C.H., 2022. 
Effect of application time of 38% silver 
diamine fluoride solution on arresting early 
childhood caries in preschool children: a 
randomised double-blinded controlled trial 
protocol. Trials 23, 215. 
https://doi.org/10.1186/s13063-022-06130-1 
[18] Oliveira, B.H., Rajendra, A., Veitz-Keenan, 
A., Niederman, R., 2019. The Effect of Silver 
Diamine Fluoride in Preventing Caries in the 
Primary Dentition: A Systematic Review and 
Meta-Analysis. Caries Res 53, 24–32. 
https://doi.org/10.1159/000488686 
[19] Duangthip, D., Fung, M.H.T., Wong, 
M.C.M., Chu, C.H., Lo, E.C.M., 2018. Adverse 
Effects of Silver Diamine Fluoride Treatment 
among Preschool Children. J Dent Res 97, 
395–401. 
https://doi.org/10.1177/0022034517746678 
[20] Maltz, M., Koppe, B., Jardim, J.J., Alves, 
L.S., de Paula, L.M., Yamaguti, P.M., Almeida, 
J.C.F., Moura, M.S., Mestrinho, H.D., 2018. 
Partial caries removal in deep caries lesions: a 
5-year multicenter randomized controlled 
trial. Clin Oral Invest 22, 1337–1343. 
https://doi.org/10.1007/s00784-017-2221-0 
[21] Wu, K., Jin, X., Wang, X., 2021. 
Determining University Students’ Familiarity 
and Understanding of Laboratory Safety 
Knowledge—A Case Study. J. Chem. Educ. 98, 
434–438. 
https://doi.org/10.1021/acs.jchemed.0c01142 
[22] Huang, W., Vidimos, A., 2000. Topical 
anesthetics in dermatology. Journal of the 
American Academy of Dermatology 43, 286–
298. 
https://doi.org/10.1067/mjd.2000.106506 
[23] König, K.G., 2000. Diet and oral health. 
International Dental Journal 50, 162–174. 
https://doi.org/10.1111/j.1875-
595X.2000.tb00555.x 
[24] Angker, L., Nijhof, N., Swain, M.V., 
Kilpatrick, N.M., 2004. Influence of hydration 
and mechanical characterization of carious 
primary dentine using an ultra-micro 

indentation system (UMIS). Eur J Oral Sci 112, 
231–236. https://doi.org/10.1111/j.1600-
0722.2004.00123.x 
 
 
 

5289

http://www.neuroquantology.com/
https://doi.org/10.1038/sj.bdj.2013.162
https://doi.org/10.1186/s13063-022-06130-1
https://doi.org/10.1159/000488686
https://doi.org/10.1177/0022034517746678
https://doi.org/10.1007/s00784-017-2221-0
https://doi.org/10.1021/acs.jchemed.0c01142
https://doi.org/10.1067/mjd.2000.106506
https://doi.org/10.1111/j.1875-595X.2000.tb00555.x
https://doi.org/10.1111/j.1875-595X.2000.tb00555.x
https://doi.org/10.1111/j.1600-0722.2004.00123.x
https://doi.org/10.1111/j.1600-0722.2004.00123.x



