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KEYWORDS Summary

Dental calculus; Background. — Numerous studies have demonstrated that dental calculus is a concrete store-
Industrial pollutants; house of the oral microbiome and micro-remains of dietary and non-dietary origin. Dental
Intra-vitam calculus analysis allows insight into past populations’ dietary contents and public health con-
alimentation; cerns. This study aimed at questioning whether two individuals from Begho (Ghana) were at
Public health; risk of industrial pollution from their dental calculus samples.

XRF analysis Materials and method. — Three calculus samples from the two adult individuals were subjected

to X-ray fluorescence analysis using the Rigaku NEX CG X-ray fluorescence machine. After cali-
bration with a bead of borosilicate, the 3.5 g samples were run for 15—20 minutes along with the
Rigaku NEX CG XRF fundamental parameters (FP) double determination approach and a helium
gas test flow rate of 0.660ml/min. Results are semi-quantitative determinations in percent
values.
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Results. — In total, 59 elements and 55 molecular fingerprints were automatically generated.
Oxygen and calcium elements were high for all samples, and variations in Fe, Si, and Al ele-
ments and corresponding oxides were evidenced in the three samples. The dental calculus
analysis revealed an expected composition of calcified aluminium silicate, minimal traces of
industrial pollutants such as lead, mercury, and chromium, and no trace of arsenic, antimony,

and cadmium.

Conclusion. — By analyzing dental calculus in direct correlation with alimentation, we assert
that the two individuals sampled were not exposed to lead, chromium, mercury, arsenic, anti-
mony, and cadmium in Begho (10t"—19t C. AD). We infer that industrial pollutants did not
jeopardize the health of these Begho individuals.

© 2023 Elsevier Masson SAS. All rights reserved.

Introduction

Dental calculus, i.e., precipitates of dental plaque at
the surface of the teeth and potentially gingiva, tends
to preserve in the long term the oral microbes, dietary
and non-dietary residues of varied forms. In ancient and
contemporary contexts, calculus has been of interest to
archaeologists and anthropologists for explaining individual
and population dietetics and health as well as the organiza-
tion of the natural and built environments [1—5]. Residue
analyses of dental calculus have revealed micro-remains
of silica, phytoliths, oral microbiome, food debris, organic
compounds, crystals, and vegetal or cotton fiber [1,6—8].
Hence, dental calculus analysis provides objective data for
insights into the past dietary patterns and health of popu-
lations. The research objective was to determine whether
the two individuals from Begho were exposed to industrial
pollutants via the food-water chain during their life course
from their dental calculus.

In this paper, we present the result of the X-ray flu-
orescence analysis of three calculus samples from two
individuals excavated from the Brong quarter of Begho. One
individual (BG’21-F 73.116 (70 B1) was associated with pot-
sherds and animal (dog) bones included in the storage box.
The storage box of the other individual, BG’21-E 73.115 (Bg.
70, E), did not contain any artifacts. Begho was a 10™ to
early 19t century [9—14] cosmopolitan trading center in the
Bono region (7°51°00°’°N 2°29°00°’°W) of Ghana. It was a
socially-structured town that served as a trading route dur-
ing the trans-Saharan trade in gold, kola, salt, ceramics,
dyed textiles, ivory, and iron implements [11,14 p.108-9]. A
descendant community called Hani is located at the prehis-
toric landmark where Begho was located. The Hani people
are predominantly farmers and the custodians of the Begho
land & trade history [15].

Materials & method

Calculus was extracted from the mandibular teeth (32, 33,
34, 35, 37, 38 & 42, 43, 44, 47, 48) of an adult individual

(male?) BG'21-E 73.115 (Bg. 70, E) and from the maxillary
(11, 13, 14, 21, 23 & 24) and mandibular (31—37 & 41—48)
teeth of a 40—45-year-old male BG’21-F 73.116 (70 B1). The
extracted calculus from the maxillary and mandibular teeth
were treated as independent samples; thus, three calculus
samples from two individuals were prepared for analysis.
Although five composite samples were extracted, only these
three samples (weighing 3.5g) mentioned above could be
adjusted for the equipment sample intake requirement of
4g and above. These human remains were excavated in
1970 and are stored in the Museum of Archaeology, DAHS,
University of Ghana.

The samples were subjected to X-ray fluorescence
analysis to ascertain the elemental and oxide/molecular
composition at the Department of Earth Science of the Basic
and Applied Sciences School, University of Ghana, using the
Rigaku NEX CG X-ray fluorescence machine. A multichan-
nel analyzer calibration (MCA) was done using a borosilicate
bead to calibrate the relationship between the channels of
spectrum data and the energy of fluorescent X-rays. The
three calculus samples were ground into powder using a
mortar and a pestle and weighed on powder paper. Due to
the small quantity of calculus samples, they were not pre-
weighed before grinding. The weight of the sample after
grinding was 3.5g. The powdered samples were transferred
into a sample cup, covered, and loaded into the assigned
sample chamber position in the Rigaku NEX CG X-ray flu-
orescence machine. The calculus samples were run in the
XRF chamber for approximately 15—20 minutes along with
the Rigaku NEX CG XRF fundamental parameters (FP) dou-
ble determination approach and a helium gas test flow rate
of 0.660ml/min. The FP method involved the use of the
QuantEZ® software for controlled spectrometer functions
and data analysis of the excitation source, element-element
interactions, beam intensity of each element (detected
by a high-performance Silicon Drift Detector), band over-
laps, incidence angle & wavelengths, and mass absorption
coefficients to calculate the elemental and molecular con-
centrations in the calculus as percent levels. The Rigaku
NEX CG’s FP produces semi-quantitative determinations of
the concentrations with minimal standards. Therefore, 59
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elements and 55 molecular fingerprints were automatically
generated non-destructively. The presence of Helium gas
permitted the measurement of lighter elements such as Si,
AL, Na, and Mg.

Results

Details of the results are provided in Table 1. Oxygen and
calcium were the outstanding elements for all three sam-
ples. Comparatively, Fe203 and SiO2 were relatively higher
(1.64% & 32.9%, respectively) in the maxillary sample of
individual BG’21-F 73.116 (70 B1) than in the mandibular
samples for both individuals. There was not much differ-
ence in the composition of phosphorus for the three samples.
While there was no difference in aluminium composition for
the mandibular sample of individual BG’21-E 73.115 (Bg. 70,
E) and the maxillary sample of individual BG’21-F 73.116 (70
B1), - 4.24% and 5.18% respectively-, the mandibular sample
of individual BG’21-F 73.116 (70 B1) was low in aluminium
(1.91%). Lastly, there were minimal traces of classical indus-
trial pollutants such as lead, mercury, and chromium and no
trace of arsenic, antimony, and cadmium within the limits
of the analysis.

Discussion

This dental calculus analysis allowed an objective glimpse
into the health (i.e., intra-vitam exposure via alimentation
process) of the two individuals from Begho, displaying a
relatively high composition of calcified aluminium silicate,
and no or tiny intoxication of industrial pollutants such as
arsenic, antimony, lead, mercury, and chromium. Potential
exposure also includes the ceramic release of toxins during

cooking or alimentary activities. Bourdin et al. [16] found
non-worrying concentrations (as for French standard limits
[17]) of lead (2.01 pg/L), cadmium (0.69 pg/L), and arsenic
(5.56 ng/L) in a ceramic sample from Begho [16], which was
in association with the skeletal remains of individual BG’21-
F 73.116 (70 B1). But our study recorded no trace of arsenic
and cadmium in the calculus samples of the same individual.
Comparatively, the arsenic concentration in a potsherd from
Sekondi, Ghana, was found to be 10.30 ug/L [16], slightly
higher than the standard of 10ug/L [17]. Even though
ceramics and calculus are incomparable, values from the
two media can supplement public health and environmental
reconstruction. We could not clearly establish the primary
or secondary use of all the Begho ceramics, but the sherd
size, thickness, and reconstructed shape suggested exclu-
sively funerary artifacts and not cooking vessels. Hence,
a somewhat indirect environmental transfer of the pollu-
tant into the ceramics could be proposed. That said, the
arsenic concentration in the Begho pottery sample may have
also originated from the fabrication paste or a post-mortem
leach of the pollutant within the burial environment into the
ceramic.

The leach of contaminants into food followed by inges-
tion is a likely explanation when significant concentrations
are detected in calculus samples. Dental calculus represents
layers of lifetime plaques, and episodes of contamination
through the vessel-food medium [18] or water [19] can be
traced in its composition. We believe the crystalline nature
of dental calculus preserves all trapped elements without
the possibility of reverse leaching. Hence, no dietary tox-
icity could be associated with these individuals because
of the absence of industrial pollutants such as arsenic
and antimony and non-disturbing concentrations of lead,
mercury, and chromium evidenced in the dental calculus
analysis.

Table 1 Elemental and oxide composition of the three calculus samples from two individuals.

BG’21-E 73.115 (Bg. 70, E). BG’21-F 73.116 (70 B1)

Mandible Maxilla Mandible

Elementals Oxides Elementals Oxides Elementals Oxides

Compo- Aver- Compo- Aver- compo- Aver- Compo- Aver- Compo- Aver- Compo- Aver-
nent age (%) nent age (%) nent age (%) nent age (%) nent age (%) nent age (%)
(0] 59.7 Cao 33.2 (0] 49.9 Si02 32.9 (0] 65.2 Cao 43.4
Ca 16.3 Si02 27.8 Ca 20 Cao 31.7 Ca 17.4 P205 31.4
Si 9.88 P205 24.5 Si 14.4 P205 20 P 9.12 Si02 15.5

P 8 Al203 10 P 7.99 Al203 10.45 Si 4.76 Al203 5.48
Al 4.24 Fe203 1.36 Al 5.18 Fe203 1.64 Al 1.91 Fe203 1.49
Fe 0.586 Na20 1.36 Fe 1.004 Na20 1.18 Na 0.715 Na20 0.874
Na 0.411 TiO2 0.607 Na 0.61 TiO2 0.6835 Fe 0.461 MgO 0.768
Ti 0.233 MgO 0.329 Ti 0.363 MgO 0.562 Mg 0.336 TiO2 0.49
Mg 0.184 S03 0.25 Mg 0.304 K20 0.2735 Ti 0.144 S0O3 0.293
K 0.141 K20 0.243 K 0.204 S03 0.2015  Zr 0.103 Zr02 0.287
Zr 0.0991  ZrO2 0.21 Ir 0.13 Zr02 0.195 K 0.0834 K20 0.176
S 0.0618  MnO 0.0518 S 0.065 MnO 0.0555 S 0.0576  SrO 0.0822
Mn 0.0241  SrO 0.0406 Mn 0.0374  SrO 0.03975 Sr 0.0294 MnO 0.065
Cl 0.0237 ZnO 0.031 Sr 0.0293 ZnO 0.03115 Cl 0.0285 ZnO 0.0586
Sr 0.0201 V205 0.0134 Cl 0.0227 V205 0.01205 Mn 0.023 V205 0.0132
Zn 0.0149 Co203 0.0049 Zn 0.0215 Co203 0.0069 Zn 0.0211  Co203  0.0071
% 0.0035 CuO 0.0047 V 0.0058 CuO 0.0052 VvV 0.0028 BaO 0.0066
Cu 0.0023  NiO 0.0035 Cu 0.0041  Cr203 0.00495 Cu 0.0022 CuO 0.0063
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Table 1 (Continued)

BG’21-E 73.115 (Bg. 70, E).

BG’21-F 73.116 (70 B1)

Mandible Maxilla Mandible
Elementals Oxides Elementals Oxides Elementals Oxides
Compo- Aver- Compo- Aver- compo- Aver- Compo- Aver- Compo- Aver- Compo- Aver-
nent age (%) nent age (%) nent age (%) nent age (%) nent age (%) nent age (%)
Cr 0.0017  Cr203 0.0034 Cr 0.0028 NiO 0.00355 Co 0.0017  NiO 0.0036
Ni 0.0017 Y203 0.0016  Ni 0.0027 Ta205 0.00175 Ni 0.0017  Cr203 0.0024
Ta 0.0016  Ta205 0.0015 Co 0.002 Y203 0.0016 Y 0.0008 Ta205 0.0022
Y 0.0009 HgO 0.0013 Pb 0.0013  HgO 0.0014 Cr 0.0007 Y203 0.002
Pb 0.0009 Rb20 0.0012 Y 0.0012  Rb20 0.00135 Rb 0.0007 HgO 0.0018
Rb 0.0008 Ir203 0.0012 Rb 0.0011  PbO 0.00125 Ir 0.0007 PbO 0.0017
Br 0.0007 PbO 0.0012 Pt 0.0009  Ir203 0.00115 Pb 0.0007 Rb20 0.0016
Au 0.0006  Au20 0.001 Au 0.0009  Au20 0.00105 Br 0.0006  Au20 0.0014
Ga 0.0005 Ga203 0.0008 Br 0.0008 Ga203 0.0007 Au 0.0006 Ga203  0.0011
Hg 0.0005  As203 0.0002 Ir 0.0008 PdO 0.0002 Ta 0.0005  As203 0.0004
Co 0 GeO2 0 Ga 0.0007  As203 0.0002 Pt 0.0005 GeO2 0
Ge 0 Se02 0 Hg 0.0007 GeO2 0 Tl 0.0005 Se02 0
As 0 Nb205 0 Sn 0.0003  SeO2 0 Hg 0.0004 Nb205 O
Se 0 Mo03 0 Ge 0 Nb205 0 Ga 0.0002  MoO3 0
Nb 0 RuO2 0 As 0 Mo03 0 Ge 0 RuO2 0
Mo 0 Rh203 0 Se 0 Ru0O2 0 As 0 Rh203 0
Ru 0 PdO 0 Nb 0 Rh203 0 Se 0 PdO 0
Rh 0 Ag20 0 Mo 0 Ag20 0 Nb 0 Ag20 0
Pd 0 Cdo 0 Ru 0 Cdo 0 Mo 0 Cdo 0
Ag 0 In203 0 Rh 0 In203 0 Ru 0 In203 0
Cd 0 Sn02 0 Pd 0 Sn02 0 Rh 0 Sn02 0
In 0 Sb203 0 Ag 0 Sb203 0 Pd 0 Sh203 O
Sn 0 TeO2 0 Cd 0 TeO2 0 Ag 0 TeO2 0
Sb 0 Cs20 0 In 0 Cs20 0 Cd 0 Cs20 0
Te 0 BaO 0 Sb 0 BaO 0 In 0 La203 0
I 0 La203 0 Te 0 La203 0 Sn 0 Ce02 0
Cs 0 Ce02 0 I 0 Ce02 0 Sb 0 Pr6O11 0
Ba 0 Pr6011 0O Cs 0 Pr60O11 0 Te 0 Nd203 0
La 0 Nd203 0 Ba 0 Nd203 0 | 0 HfO2 0
Ce 0 HfO2 0 La 0 HfO2 0 Cs 0 W03 0
Pr 0 W03 0 Ce 0 WO03 0 Ba 0 Ir203 0
Nd 0 PtO2 0 Pr 0 Pt02 0 La 0 Pt02 0
Hf 0 T1203 0 Nd 0 T1203 0 Ce 0 T1203 0
w 0 Bi203 0 Hf 0 Bi203 0 Pr 0 Bi203 0
Ir 0 ThO2 0 Ta 0 ThO2 0 Nd 0 ThO2 0
Pt 0 U308 0 w 0 U308 0 Hf 0 U308 0
Tl 0 Sc203 0 Tl 0 Sc203 0 w 0 Sc203 0
Bi 0 Bi 0 Bi 0
Th 0 Th 0 Th 0
u 0 u 0 u 0
Sc 0 Sc 0 Sc 0
Conclusion size of three calculus samples from two individuals limits

The calculus’s calcified and particularly dense nature makes
it unlikely to be contaminated or modified by taphonomic
processes or other post-mortem activities. Thus, the prob-
ability of the leaching (both in and out) of organic and
inorganic substances is considered improbable for alter-
ing the content. From the XRF results, we preliminarily
concluded that the two individuals from Begho were not
exposed to any industrial pollutants, which could have neg-
atively impacted on their health and lifespan. The sample

the research. Regardless, the results should be considered
references for pre-industrial dental calculus elemental and
molecular results for future alimentation and health anal-
ysis or comparison. We recommend extensive sampling and
analyses to support our results and conclusions and compar-
ative studies to holistically comprehend toxicity in human
remains and ceramics regarding industrial pollutants. This
study demonstrates the ability of dental calculus not only to
reconstruct precise alimentation but also extensive public
health concerns for past populations.



Ethics, Medicine and Public Health 27 (2023) 100875

Acknowledgment

The corresponding author would like to thank the Head
of the Department of Archaeology and Heritage Studies
(DAHS), University of Ghana (UG), and the management of
the Museum of Archaeology (DAHS) for permitting the sam-
pling & analysis of the calculus samples from the human
skeletons in the collection.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Blondiaux J, Charlier P. Palaeocytology in skeletal remains:
microscopic examination of putrefaction fluid deposits and
dental calculus of skeletal remains from french archaeological
sites. Int J Osteoarchaeol 2008;18:1—10.

[2] Radini A, Nikita E, Buckley S, Copeland L, Hardy K. Beyond
food: the multiple pathways for inclusion of materials into
ancient dental calculus. Am J Phys Anthropol 2017;162:71—83.

[3] Radini A, Nikita E. Beyond dirty teeth: integrating dental cal-
culus studies with osteoarchaeological parameters. Quatern
Internat 2022.

[4] Hardy K, Buckley S, Collins MJ, Estalrrich A, Brothwell D,
Copeland L, et al. Neanderthal medics? Evidence for food,
cooking, and medicinal plants entrapped in dental calculus.
Naturwissenschaften 2012;99:617—26.

[5] Charlier P, Abadie I, Cavard S, Brun L. Ancient Calculus Egg. Br
Dent J 2013;215:489—90.

[6] Blatt SH, Redmond BG, Cassman V, Sciulli PW. Dirty teeth
and ancient trade: Evidence of cotton fibres in human den-
tal calculus from Late Woodland Ohio. Int J Osteoarchaeol
2011;21:669—78.

[7] Charlier P, Huynh-Charlier I, Munoz O, Billard M, Brun L, Lorin
de La Grandmaison G. The microscopic (Optical and SEM) exam-
ination of dental calculus deposits (DCD). potential interest in

forensic anthropology of a bio-archaeological method. Legal
Med 2010;12:163—71.

[8] Charlier P, Gaultier F, Héry-Arnaud G. Interbreeding between
Neanderthals and Modern Humans: Remarks and methodologi-
cal dangers of a dental calculus microbiome analysis. J Human
Evol 2019;126:124—6.

[9] Anquandah J. Excavation at the Smith’s Quarter of Begho,
Ghana: preliminary report. West Afric J Archaeol 1981;11:198.

[10] Anquandah J. Archaeological Studies related to the slave trade
in Ghana and Implications for tourism development. in WTTO
Conference Proceedings: The Slave Route Project Conference
Development of a Cultural Tourism Programme for Africa, 1995.

[11] Bravmann RA, Mathewson DR. A note on the history and archae-
ology of ‘*Old Bima’’. Afric Hist Stud Boston Univ African
Studies Center 1970;3:133—49.

[12] Ozanne P. Notes on the later prehistory of Accra. J Hist Soc
Nigeria 1964;3:3—23.

[13] Posnansky P. Discovering Ghana’s Past. Annual Museum Lec-
tures, 1969-1970 1970:18—26.

[14] Posnansky M. Begho: life and times. J West African Hist
2015;1:95—118.

[15] Posnansky M. Digging through Twentieth-Century Rubbish at
Hani, Ghana. Hist Archaeol 2013;47:64—75.

[16] Bourdin V, Lamptey PSNO, Mulier G, Poupon J, Charlier P. Inter-
est and limitations of a lead, cadmium, and arsenic leachability
study to estimate the toxicity of ancient ceramics (Ecuador &
Ghana). Ethics Med Public Health 2022;25:100852.

[17] Arrété du 11 janvier 2007 Relatif aux limites et références
de qualité des eaux brutes et deseaux destinées a la consom-
mation humaine mentionnées aux articles R.1321-2, R.1321-3,
R.1321-7 et R.1321-38 du Code de la Santé Publique. Jour-
nal Officiel de la République Francaise, vol. JORF n(0031 du
6 février 2007, 2007.

[18] Rebeniak M, Wojciechowska-Mazurek M, Mania M, Szynal T,
Strzelecka A, Starska K. Exposure to lead and cadmium
released from ceramics and glassware intended to come into
contact with food. Roczniki Panstwowego Zaktadu Higieny
2014;65:301—-9.

[19] Charlier P, Abdallah FB, Bruneau R, Jacqueline S, Augias A,
Bianucci R, et al. Did the Romans die of antimony poisoning?
The case of a Pompeii water pipe (79 CE). Toxicology Lett
2017;281:184—6.


http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0100
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0105
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0110
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0115
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0120
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0125
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0130
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0135
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0140
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0150
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0155
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0160
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0165
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0170
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0175
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0185
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190
http://refhub.elsevier.com/S2352-5525(23)00006-3/sbref0190

	Dental calculus as a useful tool for public health evidence in past populations: The case of two individuals from Begho-Gh...
	Introduction
	Materials & method
	Results
	Discussion
	Conclusion
	Disclosure of interest
	Acknowledgment
	References


