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Abstract

Implantable devices are therapeutic options for oral rehabilitation, with several presentations available in the dental
consumption market. The consumption power of health products is a little explored in the literature, particularly in the
face of financial crises. The aim of this study was to evaluate the economic impact of biomaterials for bone
regeneration in Brazil during the pandemic. A quantitative study was carried out through online document analysis,
with publicly accessible secondary data extracted from IBGE and websites for the sale of dental products. Data
collection in the second quarter of 2020 and 2021 of absolute values of products, official GDP data and population
estimates allowed the generation of a biomaterial/income coefficient. The categories obtained from grafts and
membranes were stratified by composition, origin and industry. Statistical analysis used the Shapiro-Wilk test to
assess normality, the non-parametric Kruskall-Wallis test to compare the means of variables and the Wilcoxon test for
paired samples of medians according to the two periods, considering significant differences if p <0.05. Of 97 products
analyzed, a higher frequency of bone grafts than barrier membranes was observed, with an average growth of 18.5%
in the price of biomaterials, below 28.7% of GDP in the same period. The highest prevalence of biomaterials was the
ceramic composition for bone grafts and resorbable polymeric for membranes, from the xenogenous source and
Brazilian industry. There was a chronological decrease in the biomaterial/income coefficient in most categories, with
a drop in the general average from 4.67+4.40% to 4.30+3.96%, accompanied by an increase in the median,
demonstrating a trend towards homogeneity of this coefficient in the comparison between years. The drop in the
coefficient indicates a greater purchasing power of biomaterials by the potential consumer. Market knowledge can
contribute for the decision making in clinical planning involving bone regeneration.

Keywords: Costs and cost analysis; Bone regeneration; Biocompatible materials; Dentistry.

Resumo

Dispositivos implantaveis constituem opcGes terapéuticas para a reabilitacdo bucal, com diversas apresentacdes
disponiveis no mercado de consumo odontoldgico. O poder de consumo de produtos em salde é pouco explorado na
literatura, em especial diante de crises financeiras. O objetivo deste estudo foi avaliar o impacto econdmico de
biomateriais para regeneracdo 6ssea no Brasil durante a pandemia. Foi realizado um estudo quantitativo por analise
documental on-line, com dados secundarios de acesso publico extraidos do IBGE e de sites de venda de produtos
odontolégicos. A coleta no segundo trimestre de 2020 e 2021 de valores absolutos dos produtos, dados oficiais de PIB
e estimativa populacional, permitiu a geracdo de um coeficiente biomaterial/renda. As categorias obtidas de enxertos e
membranas foram estratificadas em composicdo, origem e industria. A analise estatistica usou teste de Shapiro-Wilk
para avaliar a normalidade, o teste ndo-paramétrico de Kruskall-Wallis para comparacao entre as médias das varidveis
e o teste de Wilcoxon para amostras pareadas de medianas conforme os dois periodos, considerando diferencas
significativas se p<0,05. De 97 produtos analisados, foi observada maior frequéncia de enxertos 6sseos do que
membranas de barreira, com um crescimento médio de 18,5% no preco de biomateriais, abaixo de 28,7% do PIB no
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mesmo periodo. A maior prevaléncia de biomateriais foi da composicdo ceramica para enxertos 6sseos e polimérica
reabsorvivel para membranas, da fonte xendgena e da industria brasileira. Houve diminuicdo cronoldgica do
coeficiente biomaterial/renda na maioria das categorias, com queda da média geral de 4,67+4,40% para 4,30+3,96%,
acompanhada do aumento da mediana, demonstrando tendéncia a homogeneidade deste coeficiente na comparacédo
entre anos. A queda do coeficiente indica um maior poder de compra dos biomateriais pelo potencial consumidor. O
conhecimento do mercado pode contribuir para a tomada de decisdo no planejamento clinico envolvendo regeneragédo
Ossea.

Palavras-chave: Custos e andlise de custo; Regeneracdo dssea; Materiais biocompativeis; Odontologia.

Resumen

Los dispositivos implantables son opciones terapéuticas para la rehabilitacion oral, con varias presentaciones
disponibles en el mercado de consumo dental. EI poder de consumo de los productos para la salud estd poco
explorado en la literatura, especialmente frente a crisis financieras. El objetivo de este estudio fue evaluar el impacto
econémico de los biomateriales para la regeneracion ésea en Brasil durante la pandemia. Se realizé un estudio
cuantitativo mediante analisis de documentos en linea, con datos secundarios de acceso publico extraidos del IBGE y
de sitios web para la venta de productos dentales. La recopilacion en el segundo trimestre de 2020 y 2021 de valores
absolutos de productos, datos oficiales del PIB y estimaciones de poblacion permitié generar una relacion
biomaterial/ingreso. Las categorias obtenidas de injertos y membranas se estratificaron por composicion, origen e
industria. El andlisis estadistico utiliz6 la prueba de Shapiro-Wilk para evaluar la normalidad, la prueba no
paramétrica de Kruskall-Wallis para comparar las medias de las variables y la prueba de Wilcoxon para muestras
apareadas de medianas segun los dos periodos, considerando diferencias significativas si p <0.05. De los 97 productos
analizados, se observd una mayor frecuencia de injertos éseos que membranas de barrera, con un crecimiento
promedio del 18,5% en el precio de los biomateriales, por debajo del 28,7% del PIB en el mismo periodo. La mayor
prevalencia de biomateriales fue la composicion ceramica para injertos 6seos y polimero reabsorbible para
membranas, de la fuente xendgena y industria brasilefia. Hubo una disminucién cronolégica en el coeficiente
biomaterial/ingreso en la mayoria de las categorias, con una caida en el promedio general de 4.67 + 4.40% a 4.30 +
3.96%, acompafiado de un aumento en la mediana, lo que demuestra una tendencia hacia la homogeneidad de este
coeficiente en la comparacion entre afios. La caida del coeficiente indica un mayor poder adquisitivo de biomateriales
por parte del consumidor potencial. El conocimiento del mercado puede contribuir a la toma de decisiones en la
planificacion clinica que involucre la regeneracion 6sea.

Palabras clave: Costos y andlisis de costo; Regeneracion dsea; Biomateriales biocompatibles; Odontologia.

1. Introduction

A large multifactorial demand for orofacial bone losses, derived from traumatic etiologies, congenital malformations,
neoplasms and other disorders of teeth and support structures, have clinical or hospital treatment through regenerative
biomaterials (Castro-Silva, Lima & Granjeiro, 2013). Implantable devices to assist in the morphofunctional repair of lost bone
have been the subject of more accentuated scientific research since the 1980s and nowadays set the era of smart biomaterials
by greater understanding and modulation of their interaction with hard tissues bio-environment (Castro-Silva et al., 2021;
Montoya et al., 2021).

Biomaterials used in guided bone regeneration (GBR) include bone grafts and barrier membranes, which may vary in
origin (autogenous, allogeneic, xenogeneic or alloplastic), composition (metals, ceramics, bioglasses, polymers or composites),
interaction with biological environment (bioinert, bioactive, biodegradable and/or biomimetic) and ways of manufacturing
(from conventional physical-chemical treatments to the latest use of bio-based sustainable raw materials and 3D biofabrication)
(Aradjo et al., 2021; Araujo et al., 2020; Costa, 2019; Aguilar, Twardowski & Wohlgemuth, 2019). These biomaterials can be
used in combination, enabling a synergistic effect to increase bone neoformation (Castro-Silva & Coutinho, 2012). Despite its
great heterogeneity of presentations and uses, there is no ideal biomaterial for bone regeneration that primarily meets all of the
above requirements, which drives the constant biotechnological development (Matichescu et al., 2020; Haugen et al., 2019).

International indicators show that global growth projections in the last decade for biomaterials market vary between
0.93% and 0.95% per year until 2027 (Maximize Market Research, 2021). Europe ruled the worldwide market, followed by
North America, Asia Pacific, Middle East & Africa and South America (Maximize Market Research, 2021). Brazil leads the

consumption of biomaterials in Latin and Central America, followed by Argentina and Mexico, and presents the
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orthopedic/dental segment as the second most promising, only behind cardiovascular devices, with an overall expected growth
in the last decade of 1.53% per year until 2028, where it is hoped to achieve USD 8.66 Billion (Zion Market Research, 2021).
Despite the high consumer market, North America region held a substantial share of the Brazil biomaterials market in 2020,
showing the strong dependence of foreign industry (Zion Market Research, 2021).

Growth in the dental consumables market can primarily be attributed to the rising incidence of dental diseases,
increasing demand for cosmetic dentistry, growing dental tourism in emerging markets, and the increasing disposable income
in developing countries (Zion Market Research, 2021). In developed countries, the treatment of oral diseases including dental
biomaterials was responsible for 5% of the overall health expenditure (Persistence Market Research, 2021). EU Member States
costs ranged from €72 in England (if treated within the NHS) to €603 in Denmark (Eaton et al., 2019). On the other hand,
irrespective of age, income level, and type of insurance, more north american people reported financial barriers to receiving
dental care, compared to any other type of health care (Vujicic, Buchmueller & Klein, 2017).

According to IBGE (2021), Brazil spends 8% of its gross domestic product (GDP) on health, with a little more than
half on private spending. Over the last 3 decades in Brazil, health expenditure per capita has ranged from USD 535.10 to USD
984.90, with private spending slightly higher than public spending, despite of dental centers in the Unified Health System are
responsible for the 13% increase in population coverage between 1998 and 2013 (Castro et al., 2019). The number of dental
surgeons in Brazil is high, although they are lower in the public sector compared to the private sector and this may imply
barriers to dental care access in Brazil (Cascaes, Dotto & Bomfim, 2018). Cacaes et al. (2018) highlighted that only 2.5% of
Brazilian households have reported spending on private dental insurance, having association of higher spending with
sociodemographic profile, including higher educational level, income and Southeast Region.

The COVID-19 pandemic caused deep variation of quartely GDP in Brazil between second quarter of 2020 (-9%) and
second quarter of 2021 (-0.1%), with a year-on-year growth of 12.4%, the highest quarterly rate of the entire historical series of
GDP since 1996 (Alvarenga & Silveira, 2021). In this comparison, there was an improvement in the rate of exports (from -
0.5% to 9.4%), services (from -8.7 to 0.7%), industry (from -12.1 to -0.2%), imports (from -10% to -0.6%) and household
consumption (from -11.3% to 0%), accompanied by a decline in agriculture (from 0.4% to -2.8%), conditions that would help
to understand the future dynamics of the post-pandemic market (Alvarenga & Silveira, 2021).

Recent publications demonstrate that the negative impact of initial phase of the pandemic on general trade due to
restrictions imposed by lockdown also applied to the GBR biomaterials market, although the analysis of its consequences is
still incipient (Maximize Market Research, 2021; Zion Market Research, 2021). Despite much debate about biological benefits
of GBR biomaterials, it is possible to observe the scarcity of studies that address the economic aspects of this segment (Araujo
et al., 2020; Castro-Silva et al, 2013). In hypothesis, the purchasing power of GBR biomaterials in Brazil could also have
fluctuated according to a period of financial crisis. To fill this knowledge gap, the aim of this study was to evaluate the

economic impact of biomaterials for bone regeneration in Brazil during the pandemic.

2. Material and Methods

The study followed a case study typology, based on online document analysis, delineated from the market and
population context in Brazil. According to Pereira, Shitsuka, Parreira and Shitsika (2018), a case study consists of a description
and analysis, as detailed as possible, of a condition that presents some particularity that makes it special and contributes to
scientific knowledge. It is an empirical investigation of a contemporary phenomenon within its real-life context, with a
tendency to try to clarify decisions (Yin, 2015). This case study was carried out in accordance with the international STROBE

guidelines on reporting observacional studies (Malta et al., 2010).
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Within the ethical-legal aspects, the research was in accordance with the Resolution n. 510/2016 of the National
Health Council in Brazil for surveys considering the use of publicly accessible secondary data.

In June 2020 and 2021, information about commercial bone grafts and membrane barriers for bone regeneration in
dental applications were accessed in different resellers, following the reference of Aradjo et al. (2021). Data collection was
performed on the websites of the following companies: DentalCremer, PromoDental, Pharmadent, Domedica, SuryaDental,
DentalFerraz, Central do implante, CDDental, Magalu and MercadoL ivre. The average absolute market price for each product
was recorded, considering each period mentioned. To draw a simplified economic comparison, the value of each biomaterial
against the purchasing power or income of the population was considered. In this context, public access sociodemographic data
published in Brazil, gross domestic product/GDP in the temporal variables of the second quarter of 2020 and the second
quarter of 2021 (R$1,653 billion and R$2,143.4 billion, respectively) and of the population estimate released in July of each
year (211,755,692 and 213,317,639 individuals, respectively) (IBGE, 2021). To design this relationship, the following

equation was constructed:

C = [PB / (GDPx /PEx )] * 100 (1)

Where: C = biomaterial/income coefficient, PB = price of biomaterial in reals (R$), GDP = quarterly gross domestic
product in reals (R$), PE = population estimate, x = second quarter of 2020 or 2021. Relative value obtained with the equation
was expressed as a percentage for each product analyzed. This index would indicate a relative or percentage forecast of the
consumer's quarterly income commitment with a potential spend on GBR biomaterial.

For a descriptive data analysis, the mean of the coefficients obtained for each period were presented into three
stratifications: composition (ceramic or other implants, including bioglass, polymers or composites), origin (xenogeneic or
alloplastic implants, excluding autografts and allografts due to non-commercialization) and industry (Brazilian or foreign).

Comparison within the proposed stratifications used Shapiro-Wilk test and in most variables, there was no normal
distribution of data. The non-parametric Kruskall-Wallis test was then applied to identify whether there was a statistical
difference between the means. To validate the comparison of the distribution of the biomaterial/income coefficient between the
periods, the Shapiro-Wilk test was used, considering the lack of normality of the data presented, and the median was adopted

for subsequent analysis of paired samples by the Wilcoxon test. Significant differences were considered if P<0.05.

3. Results

The sample obtained from commercial dental products for bone regeneration purposes was 97 biomaterials. Table 1
provides information on all products recovered in the period consulted, including bone grafts and barrier membranes in its
various commercial presentations, including formats, weights, volumes and granulometries. There was a higher frequency of

bone grafts (=62 or 64% of the total), which reached almost twice as many barrier membranes (n=35 or 36% of the total).
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Table 1 — Commercial dental products for guided bone regeneration available in Brazilian market.

Alobone® 0.5g, dense granules (Osseocom)

Alobone® 0.5g, porous granules (Osseocom)
Bio-Gen® cortical 0.5g, 0.5-1mm granules (Bioteck)
Bio-Gen® mix 0.25g, 0.5-1mm granules (Bioteck)
Bio-Gen® mix 0.5g, 0.5-1mm granules (Bioteck)
Bio-Gen® 0.5cm® putty (Bioteck)

Bio-Gen® spongy, 2cm?® putty (Bioteck)

Bio-Gen® spongy 0.5g, 0.25-1mm granules (Bioteck)
Bio-Gen® spongy 0.5g, 1-2mm granules (Bioteck)
Bio-Gen® spongy 1g, 2-3 mm granules (Bioteck)
Bio-Graft® spongy, 0.5cm?® screwable block (Geistlich)
Bio-Oss Collagen® 0.1g block (Geistlich)

Bio-Oss Collagen® 0.25¢g block (Geistlich)

Bio-Oss Collagen® 0.5g block (Geistlich)

Bio-Oss® 0.25g, 0.25-1mm small granules (Geistlich)
Bio-Oss® 0.5g, 0.25-1mm small granules (Geistlich)
Bio-Oss® 1g, 0.25-1mm small granules (Geistlich)
Bio-Oss® 2g, 0.25-1mm small granules (Geistlich)
Bio-Oss® 0.5g, 1-2mm large granules (Geistlich)
Bio-Oss® 1g, 1-2mm large granules (Geistlich)
Bio-Oss® 2g, 1-2mm large granules (Geistlich)
Bio-Oss® spongy, 2cm? block (Geistlich)

Bio-Oss® pen 0.25g, 0.25-1mm small granules (Geistlich)
Bio-Oss® pen 0.5g, 0.25-1mm small granules (Geistlich)
Bio-Oss® pen 0.5g, 1-2mm small granules (Geistlich)
BoneCeramic® 0.5g, 0.5-1mm granules (Straumann)
Bonecol® 10x20x0.3mm strip (Neomatrix)

Bonefill® 5x10x10mm block (Bionnovation)
Bonefill® 5x20x20mm block (Bionnovation)
Bonefill® porous 0.5g, fine granules (Bionnovation)
Bonefill® porous 0.5g, medium granules (Bionnovation)

Bone grafts

Bonefill® Porous 0.5g, thick granules (Bionnovation)
Bonefill® Porous 1g, fine granules (Bionnovation)
Bonefill® Porous 1g, medium granules (Bionnovation)
Bonefill® Porous 1g, thick granules (Bionnovation)
COL-HAP-91® 1g, £0.841mm medium granules (JHS)
Extragraft XG-13® 0.5g block (Silvestre Labs)
Extragraft XG-13® 1g block (Silvestre Labs)
GenMix® 0.5g, 0.25-1mm granules (Baumer)
GenMix® 1g, 0.25-1mm granules (Baumer)
GenOx® inorganic, 0.5cm?® granules (Baumer)
GenOx® inorganic, 1cm? granules (Baumer)
GenOx® organic, 0.5cm? porous matrix (Baumer)
GenOx® organic, 1cm? porous matrix (Baumer)
GenPhos® 0.7g, 0.5-0.75mm granules (Baumer)
Lumina Bone® 0.5g, fine granules (Critéria)

Lumina Bone® 0.5g, medium granules (Critéria)
Lumina Bone® 0.5g, thick granules (Critéria)
Lumina Bone® Porous 0.5g, fine granules (Critéria)
Lumina Bone® Porous 0.5g, thick granules (Critéria)
Nanosynt® 0.5g, 0.2-0.5mm granules (FGM)
Nanosynt® 0.5g, 0.5-1mm granules (FGM)
Nanosynt® 1g, 0.2-0.5mm granules (FGM)
Nanosynt® 1g, 0.5-1mm granules (FGM)
Osteogen® 0.3g, 0.3-0.4mm granules (Intra-Lock)
Osteogen® 0.4g, 0.3-0.4mm granules (Intra-Lock)
Osteogen® 1g, 0.3-0.4mm granules (Intra-Lock)
OrthoGen® 5x15x15¢cm? block (Baumer)
OrthoGen® 0.5cm?, 0.25x0.5mm granules (Baumer)
OrthoGen® 0.5cmd, 0.5x0.75mm granules (Baumer)
Osseoplus® +0.841mm medium granules (JHS)

Synthetic bone graft 0.5g, 0.5-0.6mm granules (Bionnovation)

Barrier membranes

Allumina Standard® membrane 3x2.5mm (BiomacMed)
Biocollagen® membrane 2.5x2.5x0.02cm (Bioteck)
Biocollagen® membrane 1.5x2x0.02cm (Bioteck)
Bio-Gide® membrane 3.2cm? (Geistlich)

Bio-Gide® compressed membrane 3.3cm? (Geistlich)
Bio-Gide® membrane 3.5cm? (Geistlich)

Bio-Gide® membrane 6¢cm? (Geistlich)

Bio-Gide® membrane 6.3cm? (Geistlich)

Lumina Grid® membrane 2x3x0.08cm (Critéria)
Lumina PTFE® membrane 2x3x0.1cm (Critéria)
Lyostyp® membrane 0.3x0.5cm (Braun)
Lyostyp® membrane 2x3cm (Braun)

Pratix® membrane 15x25cm (Baumer)

Pratix® membrane 30x40cm (Baumer)
Surgidry® sponge 2x2x0.3 mm (Technodry)
Surgidry® film 2x2 mm (Technodry)

Bio-Gide® membrane 12cm? (Geistlich)

Bio-Gide® membrane 14x2x4cm (Geistlich)

Bone Heal® membrane 3x4cm (Bone Heal)

GenDerm® membrane 2x2cm (Baumer)

GenDerm® membrane 3x3cm (Baumer)

GenDerm® Flex membrane 2x2cm (Baumer)
GrenMembrane® membrane 4x2.5x0.01cm (Regener)
GrenMembrane® membrane 4x2.5x0.02cm (Regener)
Lumina Coat® membrane 2x3x0.1cm (Critéria)

Lumina Coat® double time membrane 2x3x0.2cm (Critéria)

Surgitime® PTFE membrane 3x2x0.01cm (Bionnovation)
Surgitime® PTFE membrane 3x2x0.025cm (Bionnovation)
Surgitime® Seal Ti membrane 3.4x2.5x0.04cm (Bionnovation)
Surgitime® Ti membrane 2.5x0.04x0.015cm (Bionnovation)
Techgraf® membrane 2x2 cm (Baumer)

Techgraf® membrane 2x3 cm (Baumer)

Techgraf® membrane 3x3 cm (Baumer)

Ti Mesh® membrane 1.8x2.5x0.15cm (Intra Lock)

Titanio INP® membrane 2.5x2x0.08cm (INP)

Source: Elaborated by the authors (2021).

When comparing the average of the absolute values of the two categories in the second quarters of 2020 and 2021,
grafts had a 20.3% increase in price (from R$374.36 to R$450.37), while membranes had an increase of 15% in the price (from
R$346.55 to R$398.62). When considering all biomaterials, including grafts and membranes, there was an 18.5% increase in
the overall price (from R$364.33 to R$431.70).

Considering only the income of Brazilian citizens, the general purchasing power increased in the comparison between
the second quarter of 2020 and 2021 (from R$7,806.17 to R$10,047.93, respectively), which is equivalent to an increase of
28.7%, above of the rate found for GBR biomaterials.

According to the composition, there was a high prevalence of ceramic grafts (48 or 77.4% of this total) compared to

other types of grafts (14 or 22.6% of this total), while most membranes exhibited a resorbable polymeric pattern (26 or 74.3%
5
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of this total) compared to non-resorbable membranes of multiple compositions (9 or 25.7% of this total). There was a small
decrease in the biomaterial/income coefficient from the second quarter of 2020 to the second quarter of 2021 in all analyzed

subgroups, with statistical difference (P<0.05). Figure 1 illustrates the temporal analysis of biomaterial/income coefficient
according to composition.

Figure 1 — Temporal analysis of biomaterial/income coefficient according to composition.
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*P<0.05. Source: Elaborated by the authors (2021).

According to the source, there was a high prevalence of xenogeneic grafts (48 or 77.4% of this total) compared to
alloplastics (14 or 22.6% of this total), while xenogeneic membranes (20 or 57.1% of this total) exhibited a frequency closer to
that of alloplastics (15 or 42.9% of this total). The coefficient of bone xenografts proved to be higher than that of alloplastic
grafts in all periods. There was a small decrease in the biomaterial/income coefficient from the second quarter of 2020 to the
second quarter of 2021 in all analyzed subgroups, with statistical difference (P<0.05). Figure 2 illustrates the temporal analysis
of biomaterial/income coefficient according to source.
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Figure 2 — Temporal analysis of biomaterial/income coefficient according to source.
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*P<0.05. Source: Elaborated by the authors (2021).

According to the industry, there was a high prevalence of Brazilian grafts (43 or 69.4% of this total) compared to
foreign grafts (19 or 30.6% of this total), as well as among Brazilian membranes (24 or 68.6% of this total) and foreign
membranes (11 or 31.4% of this total). The coefficient of imported biomaterials proved to be higher than that of the national
ones, both for grafts and membranes, in the two periods analyzed. There was a small decrease in the biomaterial/income
coefficient from the second quarter of 2020 to the second quarter of 2021 in all foreign products, while the coefficient of
Brazilian biomaterials remained stable for membranes or had a slight increase for grafts, with statistical difference (P<0.05).
Figure 3 illustrates the temporal analysis of biomaterial/income coefficient according to industry.

Figure 3 — Temporal analysis of biomaterial/income coefficient according to industry.
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In an analysis by stratifications over the same period of time, all groups exhibited significant differences, except in the
comparison between membranes of xenogeneic and alloplastic origin, both in the second quarter of 2020 (p=0.2626) and in the
second quarter of 2021 (p=0.2716).

In an overall analysis of the sample according to temporal variables, the biomaterial/income coefficient ranged from
0.77% to 22.78% (average of 4.67+4.40%) in the second quarter of 2020 and from 0.79% to 20.38% (average of 4.30+3.96%)
in the second quarter of 2021. The high variability found could be explained according to different categories of marketed
products. Wilcoxon test for comparing trends in consumption power showed a result of V=1630, with a significant difference
between the medians (P<0.001). An increase of 0.417 in the biomaterial/income coefficient was observed in relation to the
second quarters of 2020 and 2021, which explains a trend towards homogeneity in the coefficient.

Figure 4 illustrates the analysis of the biomaterial/income coefficient for the dependent variables.

Figure 4 — Analysis of the biomaterial/income coefficient for the dependent variables.

10 18 20
15 20
|
o

Biomaterialiincome coefficient (%)
Biomaterialiincome coefficient (%)
10

Second quarter of 2020 Second quarter of 2021

Source: Elaborated by the authors (2021).

4. Discussion

The results of this study converge with findings in the literature regarding the diversity of GBR biomaterials (Zion
Market Research, 2021). Natural bioceramics such as demineralized bone matrix are still prevalent, although synthetic bone
grafts segment, in particular represented by biphasic calcium phosphate ceramics, is expected to hold the largest market of
dental bone graft substitutes for ridge augmentation and socket preservation during 2016-2026 (Maximize Market Research,
2021). Aradjo et al. (2021) also found a higher prevalence of biopolymeric, xenogeneic and resorbable barrier membranes in
the Brazilian dental market, being a set of products less explored than bone grafts.

The dental market in Brazil exhibited a marked preference for foreign products, in surveys prior to the pandemic
(Aradjo et al., 2020; Castro-Silva & Coutinho, 2012). The greater availability of Brazilian products in this study, to the
detriment of foreign products, could be explained by the higher import cost at the height of the pandemic in the second quarter
of 2020, as well as logistical or supply problems during this period of blockage and economic instability, marked by deficit in
the GDP, in investments and in the consumption of goods and services (Silva & Silva, 2020). In this way, the foreign industry
would have a greater impact on the consumer's purchasing power, making access to GBR biomaterials more limited in an
already very cost-sensitive market (Aradjo et al., 2020).
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The biomaterial/income coefficient was useful to estimate the economic value of these products for the consumer's
budget. The use of socioeconomic indicators is useful to draw an overview of the Brazilian market, including human
development index and GDP (Castro-Silva et al, 2021). According to Eaton et al. (2019), there are wide variations between EU
Member States in the price of dental treatment and in terms of percentage of GDP per capita, the cost to the patient can range
from 0.12% in France to 1.57% in Spain. Such indicators from developed countries, far below the estimates of the
biomaterial/income coefficient, which have a much greater cost impact on Brazilian citizens' income, can reinforce the
inequality in access to dental treatment faced in the country. In scenarios of scarcity, market assessments can be useful to help
decision-making on clinical treatments, identifying the Brazilian consumer's purchasing power for dental materials and their
access to specialized private services, which are rarely available in the public assistance network (Castro-Silva et al, 2013;
Herkrath et al, 2020).

The world economic position of Brazil, 12th place in GDP per capita or 8th place in purchasing power parity (PPP) in
USD, suggest the market potential of the country (Balassiano & Considera, 2020). Nonetheless, the drop in economic activity
in the Brazil and strong exchange rate devaluation in the period between 2011 and 2020 have been the causes of the so-called
second lost decade of the last 40 years, with a stagnation due to an average real annual growth of 0.2% per year in GDP and an
average retreat of 0.6% per year in GDP per capita (Balassiano & Considera, 2020). The decline of GDP evidenced in the
second quarter of 2020 also converges with the pandemic data and with the historical analysis of GDP present in the work of
Solber (2020).

The slow improvement in the epidemiological situation after investment of 5.5% of Brazil's GDP in combating the
pandemic coincided with the economic recovery observed in the second quarter of 2021, driven by an increase in aggregate
savings from the lockdown period where consumption was very restricted (Silva & Silva, 2020). This could explain the
progressive general reduction in the biomaterial/income coefficient between the second quarters of 2020 and 2021, supported
by the improvement in the population's income in the analyzed time segments. However, the results of a drop in this coefficient
for imported products clashes with the exchange rate variation, which remained more stable between the periods analyzed
(IPEADATA, 2021).

Dentistry as a free market within a welfare state can be a persistent attempt to hold on to a compromise between the
two very distinctive ideologies of the health professional and consumer (Franzon, 2018). Clear and adequate communication is
essential to promote greater involvement between these actors to assess the risks, benefits, costs, prognoses and personal
preferences that interfere with the dental service to be performed (Holden, 2018). Zaware (2020) highlights that better-known
brands of dental materials can influence Indian dentists' preferences in clinical use. Outcome measures reported by dental
patients offer great potential to drive improvements in oral health care (Listl, 2019). The joint therapeutic option between
dentist and patient, weighing their financial availability and acceptance of the proposed biomaterial, seems to be the best
decision making (Aradjo et al., 2020; Castro-Silva & Coutinho, 2012). Considering the ongoing course of the COVID-19
pandemic, the dental industry will work closely with the dental profession to adopt the necessary approaches, products,
technologies and treatments to facilitate the resumption of wider dental activities (Proffitt, 2020).

Among the possible limitations of this study, a cross-sectional approach with analysis of only two quarters in different
years can be highlighted. However, the second quarter of 2020 is clearly justified by revealing the darker face of the economic
crisis associated with the COVID-19 pandemic (Alvarenga & Silveira, 2021; Balassiano & Considera, 2020) and the second
quarter of 2021 a phase of beneficial recovery economic (Silva & Silva, 2020). Despite this GDP recovery, Silber (2020)
points out that Brazil has the fifth worst income distribution in the world, and it is recommended to consider the relationship of
other variables to portray the post-pandemic economic situation, such as inflation and unemployment, which were not subject

in this study.
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5. Conclusion

The present study discussed the economic impacts generated in the biomaterials market for guided bone regeneration,
in Brazil, in a different pandemic periods. The reduction in the biomaterial/income coefficient was evident for bone grafts and
barrier membranes, in their heterogeneous composition, sources and manufacturing industries. This indicates a greater
purchasing power of biomaterials by the potential consumer. This work aids in the market research and consumer decision
making, which is a little explored area when dealing with biomaterials. A suggestion for future studies would reside in the

correlation of these data found with other social and economic indicators.
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