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Abstract
Local medical systems (LMSs) are complex and dynamic, encompassing local perceptions of diseases, prevention and treatment strategies, and evaluations of therapeutic responses. These systems are not isolated and interact with other medical systems, such as the biomedical system. The interaction between these systems creates a "contact zone", which some authors refer to as intermedicality, involving both competitive and complementary interactions. However, there is limited discussion in the literature regarding the complexity of these interactions. Some studies seek to understand this interaction through the lens of hybridization, a concept introduced to ethnobiology by Ana Ladio and Ulysses Albuquerque. The authors conceptualize hybridization as "discrete structures and practices coming together to form a new practice not necessarily implying homogenization." They discuss hybridization in the context of medicinal plants used in urban settings and propose seven hybridization subprocesses to gain a deeper understanding of this phenomenon. In this study, we update these hybridization subprocesses, expanding the concepts to comprehend the specific interaction of resources from LMS and biomedical systems known and used by different human groups. In this context, we propose a new subprocess and have made adjustments to the existing subprocesses to encompass the diversity of possible interactions between medicinal plants and pharmaceuticals, providing evidence from the literature demonstrating interactions that can be classified within the proposed subprocesses. Furthermore, we discuss, from a theoretical standpoint, how these subprocesses may have implications for the resilience of medical systems. Moreover, we propose a flowchart that can be utilized to identify these hybridization subprocesses in intermedicality contexts in future studies. These classifications are crucial because they enable us to comprehend the complexity of interactions between medicinal plants and pharmaceuticals, as well as the impacts that these different interactions can have on the resilience of LMSs.
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Background
Local Medical Systems (LMSs) are biocultural constructions encompassing a body of knowledge and practices embedded within local strategies for addressing illnesses [49]. These strategies encompass the perception of symptoms and causes, utilization of various therapeutic approaches, and assessment of treatments [1, 2]. Due to being open systems, LMS do not exist in isolation and interact with other systems [49], such as the biomedical system [3]. Biomedicine, referred to as Western medicine or cosmopolitan medicine [4], represents a globally standardized and scientifically validated approach to managing diseases [5–7]. Numerous studies have explored the dynamics of interaction between LMS and the biomedical system within diverse sociocultural and environmental contexts [8–12]. However, researchers have employed different terminology to describe these interactions. For instance, Greene [50] employed the term "intermedicality" to denote the specific space created from the interaction between different medical systems [see also 11]. Meanwhile, other studies have used terms such as “Medical Pluralism” [8, 10, 13, 14] and “syncretism” [9, 10] to indicate such interactions. In another example, Gale [51] criticizes the implications of adopting different terms in various studies that have assessed interactions between medical practices and discusses the use of different concepts employed in studies, such as "pluralism," "incorporation," "integration," "hybridity," and "activism." Given the diversity of terms, we employ the term “intermedicality” throughout the text as it encompasses a broad range of interactions arising from the contact of the two systems, including both complementarity and competition. In this study, we consider complementarity interactions as those wherein the practices of both systems aid individuals in coping with illness, thereby rendering the systems nonmutually exclusive. On the other hand, competitive interactions refer to instances wherein one system excludes the other.
When considering complementary interactions between systems, biomedicine can assist human groups in managing disease situations by providing an increase in the number of therapeutic responses adopted by people [10]. This can be observed, for instance, when pharmaceuticals are indicated for diseases where traditional or local strategies are not known [12], thereby expanding the range of treatment options individuals must consider when dealing with diseases. Conversely, in certain contexts, the presence of one system can prevent the knowledge and/or utilization of another system, giving rise to competitive interactions between them. For example, Vandebroek et al. [15] observed a negative relationship between the use of pharmaceutical products and the number of medicinal plants cited within indigenous communities in Bolivia. This evidence suggests that the use of pharmaceuticals may be displacing knowledge of medicinal plants within the communities under study. While various studies have been conducted to investigate the different uses of medicinal plants and pharmaceuticals among various human groups, addressing both competitive and complementary contexts, there is still a need to conduct research that can systematize the wide array of interactions between these elements in human populations. This can guide future studies and promote a deeper understanding of the complexity of these interactions.
The range of interactions between biomedicine and different local medical systems, whether complementary or competitive, can be interpreted from a broader perspective by considering the concept of hybridization proposed by Ladio and Albuquerque [16]. Hybridization represents a "dynamic process in which patterns can be identified both in space and time," becoming evident when diverse and distinct systems "coexist in the same space" [16]. In this context, hybridization can be observed through the (harmonious or not) coexistence of various cultures in relation to dietary, religious, and even musical practices [17]. However, within the scope of this article, the approach to hybridization aims to specifically understand the interaction between different medical systems, which we refer to as intermedicality. The authors put forward seven hybridization subprocesses to specifically understand the use of medicinal plants in urban settings: (1) fusion or juxtaposition, (2) recombination, (3) relocalization, (4) restructuring, (5) new developments in production, circulation, and consumption, (6) simultaneous coexistence of different symbolic universes and (7) spatial segregation. This perspective is interesting as it "includes quali-quantitative aspects that can be studied in a concrete way in cities” [16, p.7]. Furthermore, it provides insights into detecting patterns in the dynamic process of interaction between different medical systems.
In this study, we build upon the authors' proposal and suggest an updated set of hybridization subprocesses, expanding their applicability to nonurban contexts. While urban environments allow for interactions between different systems that align with the processes developed by Ladio and Albuquerque [16], a challenge arises in assessing the adaptation of these subprocesses to nonurbanized settings, necessitating the inclusion of new subprocesses. These updates are proposed due to the absence, to the best of our knowledge, of studies in the literature addressing the diversity of interactions that may emerge from the contact between biomedicine and local medical systems (LMS). Understanding the types of interactions, whether complementary or competitive, can provide insights into individual and collective adaptive mechanisms underlying the treatment choices by human groups in disease situations.
From the perspective of hybridization, we will examine the interactions that can arise from the contact between biomedicine and local medical systems in the following sections. We propose an expansion of the hybridization subprocesses, supported by evidence from the literature, and suggest a flowchart for systematically identifying these subprocesses. Additionally, we propose questions that can be addressed in future studies.
Here, two highly relevant points deserve attention. Firstly, we do not consider medicinal plants and pharmaceuticals (produced and marketed by industries and pharmacies, e.g. pills, syrups, vaccines, etc.) as necessarily opposing elements. We understand them as therapeutic strategies that can be found in different human groups around the world. Some countries have incorporated medicinal plants into their official healthcare systems, as is the case in Brazil by including medicinal plants of interest in the public healthcare system [43]. However, pharmaceuticals can differ from medicinal plants, as the latter represent essential components in the construction of medical systems throughout human evolutionary history [44–46] and continue to be the only therapeutic option available to many groups without access to biomedical care. Therefore, medicinal plants represent a human biocultural construct for dealing with disease events in various local medical systems.
On the other hand, pharmaceuticals have a more recent history and have become increasingly common worldwide. Regardless of whether medicinal plants are integrated into a country's official medicine or not, it is a fact that local medical systems have interacted and incorporated pharmaceuticals into their local practices, just as urban populations have employed medicinal plants. This suggests that medicinal plants and pharmaceuticals interact in diverse ways, and it is important to investigate how these elements interact and how this affects the dynamics and evolution of medical systems in various human groups over time.
The second point to consider is that various interactions can also be observed among medicinal plants, as different local or traditional medical systems can hybridize. For example, a set of studies has investigated how human migrations affect the knowledge and use of medicinal plants, considering processes of plant substitution in the new environment, for instance [47], which may be relevant for understanding the hybridization of local medical systems. This likely occurred significantly during human evolution. Although this is quite interesting, we will focus solely on the interactions between medicinal plants and biomedical elements, exploring the hybridization subprocesses linked to knowledge, practices, and beliefs that may reflect the interactions between these components. We will not delve into the specifics of hybridization subprocesses that may occur exclusively among medicinal plants within LMS.

Interactions between medicinal plants and biomedicine in the light of hybridization subprocesses
In this section, we examine intermedicality from a broader perspective: hybridization. This term was initially employed in the field of Social Sciences and was defined by Canclini [17] as "sociocultural processes in which discrete structures or practices, which existed separately, combine to generate new structures, objects and practices". In the context of medical systems, hybridization can involve combining elements from both biomedicine and LMSs for the treatment of diseases. However, Canclini [17] suggests that these "discrete structures and practices" are not pure sources themselves, as they are the result of previous hybridizations. For instance, local pharmacopoeias are not static and may change, such as the incorporation of exotic species [11], implying that local medical systems may be a product of multiple hybridizations occurring over time.
Additionally, Canclini [17] proposes a focus on “hybridization processes” rather than solely on the integration of cultures, acknowledging the contradictions and elements that do not mix. Ladio and Albuquerque [16] adopt the term “hybridization” to highlight various subprocesses in the use of medicinal plants within urban environments, referring to the coexistence of different systems in the same space without necessarily leading to blending or homogenization between them. For example, when discussing hybridization in intermedicality scenarios, we also encompass situations where individuals substitute one system for another, among other instances of competition between systems.
In this context, Ladio and Albuquerque [16] proposed the aforementioned seven subprocesses to base ethnobiological research on medicinal plants in urban areas. A concise description for each subprocess suggested by the authors can be found in Additional file 1. However, upon examining evidence from other studies, particularly regarding the utilization of medicinal plants and pharmaceuticals within different human groups, we have identified situations that are not encompassed by the subprocesses delineated by Ladio and Albuquerque [16]. To identify these studies, we conducted a systematic review to assess the diversity of interactions between medicinal plants and pharmaceuticals in different human groups. This systematic review will be detailed in another manuscript currently in preparation and involved the search for literature in the Web of Science, Scopus, Scielo, and PubMed databases. We employed combinations of keywords representing medicinal plants and traditional medical systems ("medicinal plants," "traditional medical system," "local medical system," "traditional remedies"), along with terms related to biomedicine and pharmaceutical drugs ("biomedicine," "western medicine," "allopathic"). Upon examining the studies identified in the search, we indicate the need for adjustments to existing subprocesses and the incorporation of new ones. For instance, certain studies demonstrate that in intermedicality scenarios, people may initially turn to one treatment system (utilizing plants), and if symptoms do not improve, they seek another system (biomedicine) [3, 18]. In this regard, in certain situations, individuals may follow a specific order in seeking treatments, encompassing different systems throughout the course of the illness, which Schwartz [52] referred to as a "hierarchy of resort." In studies conducted within the Manus culture in the Admiralty Islands, Schwartz [52] identified two main sequences of treatment for illnesses. One involves an acculturative sequence, where allopathic medicine and the use of pharmaceuticals are the initial choices, followed by local and traditional strategies if the initial approaches prove ineffective. The other is the counter-acculturative sequence, in which traditional strategies are chosen initially, shifting to biomedical strategies if symptoms persist. The adoption of these sequences can be influenced by various factors, ranging from confidence in a specific medical system to the perception of the severity of illness symptoms [53]. There are also instances where pharmaceuticals are indicated for the treatment of diseases that cannot be addressed by medicinal plants [12], suggesting that the biomedical system can fill therapeutic gaps within the local medical system. Consequently, we propose adaptations to the subprocesses to encompass the diversity of interactions between medicinal plants and pharmaceuticals among various human groups in future investigations. In Additional file 1, we present the updates we have made to the subprocesses, accompanied by a brief explanation. In the subsequent paragraphs, we will elaborate further on the adaptations we propose. All subprocesses highlighted in this article can be observed at an individual level, except for one subprocess (segregation), which can only be observed at a community level.
Subprocesses that can be assessed at the individual level
All hybridization subprocesses (Additional file 1) can be understood within the logic of complementarity or competition between the systems. In the scenario of complementarity, it is possible to frame the subprocesses of fusion, recombination, relocalization, innovations, and simultaneous coexistence of different symbolic universes. The first updated subprocess is the "fusion" subprocess. Ladio and Albuquerque [16] propose that fusion can be observed "…when, in the cities, different species and practices are added, increasing the total richness of medicinal plants." [16, p. 4]. We suggest that, in intermedicality scenarios, fusion can occur through two pathways: fusion—diversification and fusion—sequential use.
Fusion: diversification
Fusion diversification can be observed when pharmaceuticals are used by a human group to address therapeutic gaps not covered by local medicine (medicinal plants). For instance, when exclusive use of biomedicine occurs to treat diseases that medicinal plants are ineffective against, or vice versa. In such cases, the coexistence of biomedicine with the local medical system (LMS) expands the range of responses available to deal with diseases (Fig. 1).[image: ]
Fig. 1Fusion—diversification—Scenario 2: In the first scenario, medical systems are analyzed separately. The local medical system addresses vomiting but lacks a therapeutic strategy for respiratory diseases, whereas the biomedical system covers both areas. In the second scenario, fusion-diversification occurs, where, in the coexistence of both systems, the local strategy is retained for vomiting, and the biomedical system is integrated to address respiratory diseases. Thus, the biomedical system complements the local one, filling therapeutic gaps and diversifying the system, aligning with the Diversification Hypothesis, hence the term "Fusion-Diversification”


Regarding fusion, Ladio and Albuquerque [16] indicate that this subprocess suggests an increase in the total richness of strategies employed in the treatment of diseases. Based on the interactions between medicinal plants and pharmaceuticals in different human groups, we suggest that fusion can occur in two main ways. The first form can be discussed in the context of the diversification hypothesis proposed in the field of ethnobiology by Albuquerque [19]. This hypothesis suggests that exotic species are included in local pharmacopoeias to fill treatment gaps not addressed by native species [14, 20, 21]. The inclusion of pharmaceuticals in local medical systems can occur similarly to what the diversification hypothesis proposes. In this case, biomedical medicines can be incorporated into local medical systems to fill therapeutic gaps that medicinal plants do not fulfill and, consequently, generate an increase in the overall repertoire of medicines known/used by the community (fusion). In this work, we call this type of fusion "diversification". An example of this type of fusion can be found in Zank and Hanazaki [12], in a study conducted in Ceará and Santa Catarina, in the northeastern and southern regions of Brazil. The authors observed that medicinal plants are generally used to treat certain diseases, such as gastrointestinal problems, flu, and colds, while biomedicine is used for blood pressure problems and endocrine and nutritional diseases. This may suggest that the incorporation of pharmaceuticals may have occurred to fill therapeutic gaps left by medicinal plants. However, this differential use of plants and industrialized medicine may be a result of competitive interactions between systems, whereby pharmaceuticals can replace plants in certain diseases over time. If this occurs, the fusion subprocess is no longer applied. We will discuss the competition subprocesses later to further elaborate on these aspects.

Fusion: sequential use
Fusion—sequential use can be observed when sequential use occurs, wherein one system is predominantly employed initially, and as the disease progresses, a transition is made to other system. This also leads to an increased diversity of responses, albeit sequentially based on the disease’s progression (Fig. 2).[image: ]
Fig. 2Fusion—sequential use—Scenario 2: In fusion—sequential use, the biomedical system complements the local medical system, expanding therapeutic options. Complementarity unfolds sequentially over time, observed in the evolution of treatment strategies. In the first scenario without hybridization, the local system treats vomiting with medicinal plants, while the biomedical system uses medications. The second scenario, involving hybridization, illustrates sequential use, where the initial treatment (Time 1) is with one system, and if there is no improvement, it transitions to the other (Time 2)


Another form of fusion may involve cases where people initially resort to one treatment system (e.g., traditional) and, if they do not notice an improvement in the disease, seek the other system (e.g., biomedical) [8, 14]. This situation also reflects a diversity of possible responses for the treatment of one or several diseases and can be framed within the fusion subprocess but does not involve the use of biomedicine for specific diseases other than those for which plants are indicated. Therefore, we propose a second type of fusion subprocess, which we refer to as “sequential use”. For example, the study by Dræbel and Kueil [3] showed that people initiate treatment with medicinal plants from the local system, but as the disease is perceived as serious, they begin using pharmaceuticals. Evidence of sequential use can also be found when people initially resort to the cosmopolitan health system and later turn to the LMS. This was reported by Diaz et al. [18] when verifying that women in situations of terminal cancer, not cured by biomedicine, turned to the traditional medical system in search of healing through prayers and medicinal plants. These two possibilities are evidenced in the study by Odonne et al. [48], which investigated malaria treatments among the residents of Saint-Georges de l'Oyapock Village in French Guiana. In the study, 40.5% of individuals opted for herbal medicines when pharmaceutical drugs were not considered effective, while 20.4% began using pharmaceutical drugs when they realized herbal medicines were not working.
When considering the proposed fusion subprocesses, we understand that the "fusion-diversification" and "fusion-sequential use" subprocesses can arise from distinct mechanisms within a medical system. The "fusion-diversification" subprocess occurs when the incorporation process is employed to address therapeutic gaps within the system, akin to the introduction of exotic plants, representing a strategy within the medical system to fill the deficiencies left by native plants. This appears distinct from what we perceive as another aspect of the system related to "differential use," where certain elements, once incorporated into the system, may be prioritized over others due to various factors. In this context, the "fusion-sequential use" subprocess occurs through a "differential use" process, wherein, due to the progression of the disease, individuals may choose to discontinue the use of a medicinal plant in favor of other strategies, such as biomedicine. Therefore, the "fusion-diversification" subprocess is related to a broader process of incorporating elements into medical systems, while the "fusion-sequential use" subprocess is linked to something more specific, involving the mechanisms that regulate changes in the prioritization of strategies in specific disease episodes.

Recombination
Another hybridization subprocess proposed by Ladio and Albuquerque [16] is recombination, which would be observed “when traditional and new elements mix, with the objective of increasing therapeutic action or improving the organoleptic properties of the preparation, without generating replacement” [16, p. 4]. We propose that, in the intermedicality scenario, we can observe recombination when a combination of medicinal plants and pharmaceuticals is used together (mixtures) for the same disease (Fig. 3).[image: ]
Fig. 3Recombination—Scenario 2: In scenario 2, recombination occurs when, in the coexistence of the LMS with the biomedical system, for the same health event, a person simultaneously uses elements from both the LMS and the biomedical system. The objective of this mixture can be to improve organoleptic properties or enhance therapeutic effects, among other benefits


The concurrent utilization of pharmaceuticals and medicinal plants can be observed when there is a combination of medicines from both systems to enhance effectiveness and ensure a cure [7], which is considered recombination. In recombination, elements from both systems are simultaneously employed in the treatment. Ali-Shtayeh et al. [22] provide an example of this when they note that all patients receiving pharmaceuticals were also undergoing medicinal plants to delay disease progression, alleviate symptoms, and minimize side effects. Similarly, Tsimane women in the Amazon region combined traditional medicines with biomedicine in 13% of treatments, while men utilized this combination in 20% of treatments [42].

Relocalization
Ladio and Albuquerque propose that relocalization occurs “when resources and/or practices are reused or practiced in new physical ambits where they had not previously existed” [16, p. 4]. We propose that, in the intermedicality scenario, if we consider that the basic structure of a given medical system is composed of the following components: “caregiver—therapeutic strategy—therapeutic target or disease” (e.g. a biomedical professional prescribing an industrialized medicine for treating influenza), relocalization occurs when the components of one medical system are employed in physical spaces that belong to another system (new physical context), without modifying the structure of the original system. For example, when biomedical professionals visit local communities to apply pharmaceuticals. In this case, the new physical context is the local community, as biomedical professionals operate within the physical spaces of biomedicine (hospitals, clinics, e.g.). This subprocess does not involve situations where people from the local community autonomously incorporate elements of biomedicine into their system; it solely pertains to the entry of biomedical professionals into the physical spaces of LMSs, bringing their knowledge and practices. The opposite can also occur when local or traditional specialists provide care within the physical spaces of biomedicine, such as hospitals (see 51 for situations in which doctors collaborate with traditional specialists) (Fig. 4). In some countries, traditional healthcare systems are institutionalized, and it is possible for local specialists to employ their traditional practices for healing patients in the physical settings belonging to biomedicine. This subprocess also does not cover situations in which biomedical professionals recommend traditional treatments during hospital appointments, as such cases involve a modification in one of the elements of the local or traditional system linked to the caregiver.[image: ]
Fig. 4Relocalization—Scenario 2: In scenario 1, the systems are examined separately. In the biomedical system, the original structure consists of disease, healthcare professionals, and pharmaceutical medications in hospitals. In the LMS, the original structure comprises disease, local healers, and medicinal plants in local communities. To treat vomiting in the LMS, medicinal plants are used, while in the biomedical system, pharmaceutical medications are employed. In scenario 2, relocation can be observed, occurring when there is a change only in the physical environment while the structure of the medical system remains intact. This may involve biomedical professionals diagnosing and prescribing medications in local or traditional communities, as well as local healers diagnosing and treating diseases using the LMS within hospitals


In certain instances, the components of a medical system are employed in new physical contexts, indicating the subprocess of relocalization. The relocalization subprocess is observed in a study conducted by Fontão and Pereira [23]. This research demonstrated that 12.1% of the consultations of the medical team of the “Mais Médicos” Program took place in community spaces within the village, allowing people to employ different systems (biomedical and traditional) as therapeutic strategies. This evidence suggests that biomedical professionals can utilize biomedical therapeutic strategies within the community, demonstrating that the components comprising the structure of the biomedical system (doctor + biomedical therapeutic strategies) remained unchanged, with only a shift in geographic space.

New developments in production, circulation, and consumption (Innovations)
Ladio and Albuquerque propose that new developments in production, circulation, and consumption occurs “when there are innovations in local therapies and their forms of acquisition, access and utilization” [16, p. 4]. We propose that, in the intermedicality scenario, when any component of the structure of a given medical system undergoes modification within a hybridization context. For example, when pharmaceuticals are employed in new contexts, particularly local or traditional ones, by people from the traditional system. This can be observed when local healers begin using medical equipment (e.g., thermometers, oximeters) to aid in disease identification. Another interesting example is the use of pharmaceutical names for medicinal plants by local residents, such as “Novalgin”. In the context of biomedicine, this subprocess can also be observed when healthcare professionals recommend elements of local or traditional medicine to their patients (Fig. 5).[image: ]
Fig. 5New developments in production, circulation, and consumption (Innovations): In scenario 1, the systems are analyzed separately. In the biomedical system, the original structure involves disease, healthcare professionals, and pharmaceutical drugs in hospitals. In the LMS, the original structure includes disease, local healers/self-treatment, and medicinal plants in local communities. In scenario 2, we observe innovations in the medical system structure in different physical spaces, such as local healers diagnosing and recommending medications in communities, and biomedical professionals using traditional strategies in hospitals


There are situations in which the interaction between systems can lead to structural changes in one of the systems when they are employed in new contexts. These changing situations suggest the subprocess of new developments in production, circulation, and consumption [14, 24]. The text by Whyte et al. [54] reflects on the sociology of medical practices in different historical periods, revealing that medicinal practices have migrated across continents, as evidenced in the exploration of the New World, where the use of plants by indigenous people spread to Europe. In this context, the dissemination of pharmaceutical products since the twentieth century represents another milestone in history, where various human groups have incorporated these products into their local practices. For instance, Gale [51] discusses a set of studies addressing the use of traditional medical practices by doctors, nurses, and pharmacists in their day-to-day activities in different regions. In another interesting example, the study by Medeiros et al. [14] demonstrated that people's visit to a local health center favored the choice of local treatments over biomedicine. According to the authors, this may have occurred due to the presence of health professionals who encourage the use of local or traditional treatments. Consequently, one of the fundamental components forming the structure of the local system has been modified, as local therapeutic strategies are indicated by biomedical professionals.

Simultaneous coexistence of different symbolic universes
Ladio and Albuquerque propose that simultaneous coexistence of different symbolic universes occurs “when there is evidence of the coming together of different ways of perceiving health and illness and the different treatment methods of different cultural patrimonies.” [16, p. 4]. We propose that, in the intermedicality scenario, when the same disease is understood differently by each system, yet they are not mutually exclusive. For instance, people may resort to pharmaceuticals to address the physical symptoms of an illness and turn to prayers and/or rituals to deal with the “spiritual symptoms” of the same illness. Similarly, biomedical treatment may be employed for certain disease groups, while traditional practices are used for “spiritual” ailments (Fig. 6).[image: ]
Fig. 6Simultaneous coexistence of different symbolic universes—Scenario 2: In Scenario 1, we highlight the difference in the perception of the causes of illnesses. For instance, in the LMS, vomiting can be attributed to spiritual issues or the evil eye, while in the biomedical system, the cause may be linked to the consumption of spoiled food. In Scenario 2, we demonstrate the coexistence of these two symbolic universes, allowing an individual to understand that the same illness may have different causes. This leads to seeking the LMS for spiritual causes and the biomedical system for physical causes of the disease, aiming to achieve holistic healing


Particularly concerning the simultaneous coexistence of different symbolic universes, a major challenge lies in the difficulty of finding literature that allows for the detection of this subprocess, as it involves ideological and symbolic scenarios [16]. The authors argue that the various proposed subprocesses (expanded upon here) possess aspects tied to therapeutic practices (plants, pharmaceuticals), as well as norms, cosmovisions, and beliefs that may be associated with practices. Despite these challenges, there is evidence of the simultaneous coexistence of different symbolic universes, such as the work of [54], which highlights situations where individuals incorporate pharmaceutical remedies into their local logic of efficacy. For instance, Hindley et al. [25], when studying the attitude of healers in Tanzania toward dementia, observed that the local population attributes various causes to the disease, including biological causes such as aging, as well as causes involving sorcery and witchcraft. Different causes can influence caregivers to make treatment decisions, whether it involves using biomedicine, medicinal plants, or prayers.
An intriguing aspect concerns a set of illnesses known as "culture-bound syndromes," which are culturally restricted to specific human groups and may have spiritual causes, finding no correspondence in the biomedical system [13, 55, 56]. In a context of hybridization, Halberstein [57] investigated the epidemiological profile of Caribbean migrants living in Miami, revealing that some mentioned illnesses culturally associated with their regions of origin, classified as "culture-bound syndromes." These individuals indicated treating such illnesses using pharmaceutical drugs supplemented with medicinal plants.
In another interesting example, Mathez-Stiefel et al.'s study [13] was conducted in various rural Andean communities in Peru and Bolivia, which have varying levels of access to biomedical services. The research observed that culturally rooted illnesses of spiritual origin, such as "bad wind," "fright sickness," "lightning," and "witchcraft," are treated by traditional healers and traditional medicine, while biomedical services are recommended for the treatment of other ailments. This suggests that different symbolic universes can coexist in human groups, even in the presence of biomedicine.

Competition subprocesses: restructuring and structure maintenance
In addition to the scenario of complementarity, there are subprocesses that fall under competition (Fig. 7). In this scenario, two extreme situations can be observed. The first is when biomedicine poses a threat to LMS, which may lead to a decrease in the knowledge and use of medicinal plants by local populations, representing a restructuring subprocess (Fig. 7) [15]. Ladio and Albuquerque propose that restructuring occurs “when changes and/or substitution of a resource are generated, due to scarcity or other factors, implying a significant change in the order of importance of the species used to treat a particular illness” [16, p. 4]. We propose that, in the intermedicality scenario, when competition of biomedicine and LMS results in the substitution of local pharmacopeia for a particular disease or diseases in general. The introduction of biomedicine into local medical systems can lead to a decline in the knowledge or use of medicinal plants.[image: ]
Fig. 7Restructuring—Scenario 2 and Structure maintenance—Scenario 3: In scenario 1, the systems are analyzed separately, where, for vomiting, in the LMS, people use medicinal plants, and in the biomedical system, they use pharmaceutical drugs. The restructuring is demonstrated in scenario 2, when both systems coexist in the same space, and people tend to prioritize the use of pharmaceuticals in disease treatment. The maintenance of the structure is demonstrated in scenario 3, when both systems coexist in the same space, and people tend to prioritize the use of medicinal plants in disease treatment


On the other hand, medical systems may respond differently to the presence of biomedicine, prioritizing the use of medicinal plants and impeding the spread of biomedicine within the community due to several factors (economic, cultural, among others) [26, 27]. For example, De Wet et al. [27] observed that most people in the studied community prefer the use of medicinal plants for skin conditions, even though more than 90% of the population has access to biomedicine through hospitals and clinics. Based on this evidence, we propose a new subprocess called "structure maintenance" (Fig. 7). This subprocess occurs when there is a prioritization of knowledge/use of medicinal plants over pharmaceutical drugs at the individual and/or collective level. This subprocess is the opposite of restructuring, and the competition between biomedicine and Local Medical Systems (LMSs) can lead to the prioritization of medicinal plants. In this scenario, LMSs tend to maintain their structure over time, favoring the individual elements within the system (medicinal plants) over biomedicine. This can occur due to factors such as a preference for medicinal plants, associated high costs, and perceived side effects of biomedicine, among others. While this subprocess reflects a competitive interaction, it can promote the structural resilience of LMSs, wherein the system retains its structure when dealing with disturbances. For instance, in a study with the Fulni-ô indigenous people, Soldati and Albuquerque [11] revealed that the community observed the increased adoption of nonindigenous elements among the younger generations. In response, the community initiated a movement to empower their traditional practices on multiple fronts, ensuring that their religious traditions (which involve medicinal plants and sacred plants) are not forgotten, despite the introduction of external elements such as biomedicine.


Segregation: a subprocess that is only evaluated at the collective level in medical systems
Finally, we would like to emphasize the subprocess of segregation (Fig. 8). Ladio and Albuquerque propose that segregation occurs “when internal groupings are formed in terms of species and practices that can be observed spatially, in the urban geography.” [16, p. 4]. We propose that, in the intermedicality scenario, different groups within a community utilize the systems in different ways. These groups can be divided based on gender, age, occupation and spatially (Fig. 8). For example, women in a particular community may prefer medicinal plants, while men in the same community prefer pharmaceuticals. This subprocess exhibits intriguing aspects, as it can manifest as either a competition or a complementarity subprocess. For example, Singh et al. [28] examined the use of medicinal herbs for treating gynecological disorders in Tonga and observed that younger women in the community, closer to the urban center, solely relied on biomedicine (indicating a competitive interaction), while older women incorporated elements from both systems (complementarity). In this case, the subprocesses associated with segregation are connected to both competition and complementarity scenarios. This is because, while other subprocesses can also occur at an individual level, segregation can only be observed collectively on a population scale. Therefore, whenever there is segregation, other distinct subprocesses are simultaneously occurring at the individual level [29]. Such evidence aligns with Ladio and Albuquerque [16], who point out that the subprocesses are not mutually exclusive and can coexist in the same community.[image: ]
Fig. 8Segregation—Scenario 2: This specific subprocess is only observed on a group scale. In this case, other subprocesses can occur at the individual level and can be organized based on spatial groups, gender, age, among others. In Scenario 1, we present the original concept by Ladio and Albuquerque (2014), who focus primarily on spatial segregation, with groups forming in different geographical spaces. For example, rural communities tend to prioritize the LMS, while industrialized communities prioritize the biomedical system. In Scenario 2, we introduce the updates we propose, suggesting that groups can be formed based on age, gender, among other factors. For instance, there may be a tendency for the structure maintenance subprocess among females and the elderly, while a tendency for the restructuring subprocess can be observed among males and young individuals


Segregation
The subprocess of segregation can manifest in various ways, depending on the factors that shape the interactions between the systems at the individual level. For example, the study conducted by Alqethami et al. [30] in Jeddah, Saudi Arabia, provides evidence of competition by reporting that females exhibit a preference for using medicinal plants (structure maintenance), while males opt for biomedicine (restructuring). This demonstrates evidence of segregation based on gender. Another example, as previously mentioned by Singh et al. [28], reveals segregation based on age, as people from different age groups have preferences for treatments from different systems.
Given the diversity of hybridization subprocesses that can be evaluated at both the individual and collective levels, investigating the interactions between medical systems within human groups is a challenging task. To aid in identifying these subprocesses, we created a flowchart. Additional file 2 provides a more detailed visual representation, which can be utilized in future studies aiming to identify each subprocess within a group or across different human groups. This can facilitate standardized data collection in the identification of these subprocesses, enabling regional and global comparisons.



Theoretical advances in hybridization research and their implications for LMS resilience
Taking into consideration the significant role that local medical systems play in disease management across various human groups, a crucial question arises regarding their ability to cope with disturbances that threaten their functions and processes over time [31, 32, 49]. Numerous studies have employed the concept of resilience to explore the capacity of these systems to endure adversity [33], investigating how they maintain their integrity when facing disturbances over time [33, 34]. Within ethnobiological studies, three interpretations of resilience have been observed: (1) structuralist, which focuses on structural changes within the system; (2) functionalist, which emphasizes system functions; and (3) processual, which concentrates on the processes governing system functions [33].
These three interpretations of resilience can be applied to local medical systems, and in each case, various factors can positively or negatively contribute to resilience. For example, the functional resilience of LMS, which pertains to the preservation of system functions (such as disease cure) in the face of disturbances (such as the local extinction of useful species or the introduction of biomedicine), can be enhanced through utilitarian redundancy [19, 35]. Utilitarian redundancy refers to a group of species that perform the same function, such as treating a particular disease within a local medical system [19]. Utilitarian redundancy is crucial because it can increase the system’s capacity to respond to disturbances (such as the local extinction of certain species). In the absence of a particular plant species, the system can adapt by utilizing other redundant species that were less frequently employed prior to the disturbance, thus preserving its therapeutic functions [19, 32].
Another factor influencing the resilience of LMS is its coexistence with biomedicine. Although several studies have examined this coexistence [7, 8, 12, 14], little attention has been given to the broader implications of these interactions. For instance, how do these interactions contribute to the resilience of local systems? [36]. Some authors argue that the interaction between biomedicine and LMS can have negative effects on the local system, suggesting that the arrival of biomedicine may lead to a decline in local knowledge or even its replacement [15, 30, 37, 38]. Other studies indicate a complementary relationship between the two systems, observing that the arrival of biomedicine does not necessarily result in a reduction in local knowledge, as knowledge about medicinal plants can increase alongside the knowledge and use of biomedicine among the population [10]. Alternatively, there may be a complementary utilization of both systems [7, 12]. However, the interactions between these systems are complex, and it is essential to conduct a specific assessment to determine the nature of the interaction and its implications for the different types of resilience.
From a structural perspective, the composition of medicinal plants known and used for disease treatment can be considered, as medicinal plants have been a very important component of various LMSs throughout human history [39]. If we view the arrival of biomedicine as a disturbance and assume that the interactions with the local system are complementary (fusion-diversification, fusion-sequential use, recombination), it does not necessarily impact the structural resilience of the LMS, as the medicinal plants being utilized are not lost (Table 1). However, if the LMS exhibits competitive interactions, such as restructuring, the structural resilience of the LMS would be negatively affected since biomedicine would alter the system’s structure by replacing local medicine. On the other hand, if there is a structure maintenance subprocess, the LMS would benefit positively. Even with the arrival of biomedicine, local strategies would be prioritized, thus preserving the structure.Table 1Hybridization subprocesses' impact on resilience types in the context of biomedicine as a disturbance


	Disturbance: arrival of biomedicine

	Type of interaction
	Complementarity
	Competition

	Type of resilience/subprocess
	Fusion—diversification
	Fusion—sequential use
	Recombination
	Restructuring
	Structure maintenance

	Structuralist
	0
	0
	0
	–
	 + 

	Functionalist
	0
	0
	0
	–
	 + 

	Processual
	 ± 
	 ± 
	 ± 
	 ± 
	 ± 


“0”, No impact; "−", Negative impact; "+", Positive impact; "±", Impact can be positive or negative



In the functional interpretation applied to LMSs, it can be asserted that the resilient system is the one that continues to manage to treat diseases, even in the presence of structural changes (e.g., changes in plants and known practices). In this regard, when assessing the interaction between LMS and biomedicine, the subprocesses of complementarity follow a similar rationale to that observed in structural resilience. However, in cases of competition between the systems linked to the restructuring subprocess, if biomedicine completely replaces the LMS over time, it would be unable to maintain its functions, which would be entirely taken over by the biomedical system.
Different reasoning is used to understand processual resilience since a resilient LMS is one that not only fulfills its functions of managing disease situations but also maintains processes associated with disease management, such as treatment selection and knowledge transmission. Therefore, in this case, all types of interaction that can occur between biomedicine and LMS can have positive or negative outcomes, depending on whether the interaction is accompanied by the maintenance of the processes governing the LMS. For example, Etkin et al. [9] demonstrate biomedicine being incorporated within local processes (in the local logic of efficacy). Thus, in the processual logic, the system also displays resilience if biomedicine is integrated into LMS processes. In this scenario, even if biomedicine completely replaces local medicinal plants, the LMS remains resilient as long as it maintains the same local processes that were present with medicinal plants (e.g., the transmission of pharmaceuticals by local specialists; employing the logic of medicinal plant selection based on organoleptic properties, for example, being also used for pharmaceuticals) [33]. However, there is limited research with a processual focus, making it important to guide future investigations in this aspect.

Future research to identify hybridization subprocesses in intermedicality
In the ethnobiological literature, there already exists a compilation of methods aimed at facilitating data collection in medical systems [40]. However, the selection of methods depends on the objective of each study, and in regard to identifying the aforementioned updated hybridization subprocesses, certain data that we observe to be absent in a set of ethnobiological works on which we rely to construct this article become crucial. Merely having a list of locally known and used plants and pharmaceuticals is insufficient for comprehending the interactions between these elements and the resulting consequences. In Table 2, we propose a series of questions that can be posed to grasp the complexity of interactions that medicinal plants and pharmaceuticals may exhibit, thereby guiding the development of research protocols.Table 2Questions that can guide the construction of methodological protocols in ethnobiological research within intermedicality scenarios


	1
	Which plants and pharmaceuticals are utilized for a specific disease?

	2
	How are these medications used? (This question can be complemented with questions provided in Box 6 of Ferreira Júnior et al. [40])

	3
	Is a system primarily used?

	4
	Is there a preference for any of the systems? Why?

	5
	Are there diseases that are exclusively treated using one of the systems? If so, what diseases are these? Why?

	6
	Are there diseases that have multiple treatments using both plants and medicines of biomedical origin? If so, what diseases are these? Why?

	7
	In cases where a specific system is used to treat a disease, is it due to the lack of alternatives from the other system, the progression of the disease with no observed cure, or another reason?

	8
	Does migration from one system to another occur during different stages of the disease?

	9
	Are there variations in treatments for chronic diseases?

	10
	Do different perceptions exist regarding the same disease?




The data needed to address the above questions can be obtained through individual interviews, such as employing free lists. These lists can be generated by asking participants to name known diseases or medicinal plants. Additional techniques, such as utilizing therapeutic itineraries, can be significant for gathering data on interactions between medical systems [40]. Therapeutic itineraries serve as a valuable complement to data collection, as they enable researchers to access information on the diseases experienced by people and how they were managed [40]. This is important to standardize data collection in future studies, enabling the comparison of various subprocess types in human groups across different scales in space and time. It allows for the assessment, at these scales, of factors that may influence the occurrence of different subprocesses.
In certain contexts, there is variation in the knowledge of medicinal plants and pharmaceuticals based on disease characteristics, such as frequency and severity. The incidence of a disease can be linked to a greater number of medicinal plants used and the sharing of information over time, as well as increased utilization of modern medicine [41]. In some cases, the combination of traditional and biomedical treatments can be attributed to the influence of frequency, severity, and chronic diseases together, rather than individual factors alone [7]. In a recent article, we emphasized the importance of comprehending the functionality of medical systems through the interaction of various factors, providing insights into the functional aspects of these systems, compared to the isolated analysis of these factors [49]. Such evidence highlights the importance of investigating various factors that may influence health-seeking behavior within a hybridization scenario in future studies. For instance, apart from the perceived characteristics of diseases, individuals’ perceptions of the local and biomedical systems can impact the interactions between medicinal plants and pharmaceuticals [8]. Hence, we propose important questions to understand the underlying phenomena behind hybridization subprocesses, which are outlined in Table 3.Table 3Important questions to understand the underlying phenomena behind hybridization subprocesses


	1
	Are the local medical system and the biomedical system considered distinct systems by the local population? If so, is there any hierarchy among these systems that is perceived by individuals?

	2
	Are there local healers within the community?

	3
	Who do people turn to as a reference when they need to treat diseases?

	4
	Do these practitioners work for free?

	5
	Do these practitioners dialogue with biomedical professionals?

	6
	How are traditional medicines obtained?

	7
	Is it necessary to buy medicinal plants?

	8
	What is the price of local remedies if they need to be bought?

	9
	How difficult is it to find local remedies in the surrounding vegetation?

	10
	How accessible is the cosmopolitan healthcare system?

	11
	How are biomedical health services accessed?

	12
	How is the dialogue between biomedicine and the local community?

	13
	Are healthcare services public or private?

	14
	If private, what is the value for consultation and remedies?

	15
	What is the form of acquisition of pharmaceuticals?





Final considerations
This study aimed to propose theoretical and methodological frameworks for future research that explore the interaction of local medical systems (here in terms of medicinal plants) and biomedicine. The empirical evidence presented demonstrates that future investigations should go beyond mere lists of medicinal plants and pharmaceuticals that are known to treat diseases. It is crucial to comprehend how these plants and pharmaceuticals are used and how different medical systems are perceived by various communities. Furthermore, a theoretical effort is necessary to identify the factors that drive the adoption of different medical systems, allowing for a deeper understanding of the behaviors exhibited by human populations in their pursuit of health. It is impossible to conserve local medical systems without considering the positive or negative impacts that biomedicine has on local populations in an increasingly globalized world.

Limitations
One limitation of this study is that it focuses on the hybridization subprocesses arising from the interactions between the local medical systems and the biomedical system. Medical systems are dynamic and complex and may have been the result of various hybridizations over time. To provide an example within local medical systems, it is challenging to assess the historical incorporation of species for medicinal use and to investigate how this incorporation may result from the interaction of different local medical systems [11]. In such cases, the presence of certain medicinal plants within a system may be the outcome of various hybridization subprocesses occurring between different LMSs over time. While this aspect is intriguing, we did not reflect the subprocesses of hybridization in these contexts, which could be the focus of future studies.

Acknowledgements
We are grateful to the researchers from the Laboratory of Biocultural Investigations in the Semiarid Region at the University of Pernambuco, and the Laboratory of Ecology and Evolution of Socioecological Systems at Federal University of Pernambuco for their valuable discussions related to the development of this research. In particular, we would like to express our gratitude to Dr. André Luiz Borba do Nascimento for his significant contributions to the discussions throughout the construction of this work.

Author contributions
WSFJ and MBA conceived the initial idea; MBA wrote the first draft of the manuscript; all authors contributed equally to the text revision. All authors have read and approved the final version of the writing.

Funding
The authors would like to thank the Foundation for the Support of Science and Technology of the State of Pernambuco (FACEPE, Process: IBPG-0062-2.03/20) for the master's scholarship granted to the first author, and the National Council for Scientific and Technological Development (CNPq, Universal Call, Grant Number: 432622/2018-7), in addition to the productivity scholarship provided to UPA (CNPq, 305285/2020-3).

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent of publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Kleinman A. Concepts and a model for the comparison of medical systems as cultural systems. Soc Sci Med. 1978;12:85–95.PubMed

	2.
Ferreira Júnior WS, Santoro FR, Nascimento ALB, Ladio AH, Albuquerque UP. The role of individuals in the resilience of local medical systems based on the use of medicinal plants: a hypothesis. Ethnobiol Conserv. 2013;2:1.

	3.
Dræbel T, Kueil BG. Lay perceptions of malaria and therapeutic itinerary of resettled pregnant women in South Sudan. Int Health. 2014;6:317–21.PubMed

	4.
Press I. Problems in the definition and classification of medical systems. Soc Sci Med [Med Anthropol]. 1980;14B:45–57.

	5.
Dunn FL. Traditional Asian medicine and cosmopolitan medicine as adaptive systems. In: Leslie C, editor. Asian medical systems: a comparative study. California: University of California Press; 1976. p. 133–158.

	6.
Löwy I. Historiography of biomedicine: “bio”, “medicine”, and in between. Isis. 2011;102:116–22.PubMed

	7.
Nascimento ALB, Medeiros PM, Albuquerque UP. Factors in hybridization of local medical systems: Simultaneous use of medicinal plants and modern medicine in Northeast Brazil. PLoS ONE. 2018;13:e0206190.PubMedPubMedCentral

	8.
Calvet-Mir L, Reyes-García V, Tanner S. Is there a divide between local medicinal knowledge and Western medicine? A case study among native Amazonians in Bolivia. J Ethnobiol Ethnomed. 2008;4:18.PubMedPubMedCentral

	9.
Etkin NL, Ross PJ, Muazzamu I. The indigenization of pharmaceuticals: therapeutic transitions in rural Hausaland. Soc Sci Med. 1982;1990(30):919–28.

	10.
Giovannini P, Reyes-García V, Waldstein A, Heinrich M. Do pharmaceuticals displace local knowledge and use of medicinal plants? Estimates from a cross-sectional study in a rural indigenous community, Mexico. Soc Sci Med. 1982;2011(72):928–36.

	11.
Soldati GT, Albuquerque UP. Ethnobotany in intermedical spaces: the case of the Fulni-ô Indians (Northeastern Brazil). Evid-Based Complement Altern Med ECAM. 2012;2012: 648469.

	12.
Zank S, Hanazaki N. The coexistence of traditional medicine and biomedicine: a study with local health experts in two Brazilian regions. PLoS ONE. 2017;12:e0174731.PubMedPubMedCentral

	13.
Mathez-Stiefel S-L, Vandebroek I, Rist S. Can Andean medicine coexist with biomedical healthcare? A comparison of two rural communities in Peru and Bolivia. J Ethnobiol Ethnomed. 2012;8:26.PubMedPubMedCentral

	14.
Medeiros PM, Albuquerque UP, Abreu DBO, Silva TC, Ferreira Junior WS, Ramos MA, et al. What drives the use of natural products for medicinal purposes in the context of cultural pluralism? Eur J Integr Med. 2016;8:471–7.

	15.
Vandebroek I, Calewaert J-B, De Jonckheere S, Sanca S, Semo L, Van Damme P, et al. Use of medicinal plants and pharmaceuticals by indigenous communities in the Bolivian Andes and Amazon. Bull World Health Organ. 2004;82:243–50.PubMedPubMedCentral

	16.
Ladio AH, Albuquerque UP. The concept of hybridization and its contribution to urban ethnobiology. Ethnobiol Conserv. 2014;3:1–9.

	17.
Canclini NG. Culturas Híbridas: Estratégias Para Entrar e Sair da Modernidade. 4th ed. São Paulo: Editora da Universidade de São Paulo; 2019.

	18.
Diaz LA, Torregrosa L, Benítez L, Mercado M, Fiorentino S. Plant-based complementary and alternative medicine used by breast cancer patients at the Hospital Universitario San Ignacio in Bogotá, Colombia. Univ Sci. 2012;17:291–302.

	19.
Albuquerque UP. Re-examining hypotheses concerning the use and knowledge of medicinal plants: a study in the Caatinga vegetation of NE Brazil. J Ethnobiol Ethnomed. 2006;2:30.PubMedPubMedCentral

	20.
Alencar N, Araújo TAS, Amorim ELC, Albuquerque UP. The inclusion and selection of medicinal plants in traditional pharmacopoeias—evidence in support of the diversification hypothesis. Econ Bot. 2010;64:68–79.

	21.
Alencar NL, Santoro FR, Albuquerque UP. What is the role of exotic medicinal plants in local medical systems? A study from the perspective of utilitarian redundancy. Rev Bras Farmacogn. Sociedade Brasileira de Farmacognosia. 2014;24:506–15.

	22.
Ali-Shtayeh MS, Jamous RM, Jamous RM. Complementary and alternative medicine use amongst Palestinian diabetic patients. Complement Ther Clin Pract. 2012;18:16–21.PubMed

	23.
Fontão MAB, Pereira ÉL. More doctors project in indigenous health: reflections from an opinion survey. Interface Comun Saúde Educ. 2017;21:1169–80.

	24.
Hoyler E, Martinez R, Mehta K, Nisonoff H, Boyd D. Beyond medical pluralism: characterizing health-care delivery of biomedicine and traditional medicine in rural Guatemala. Glob Public Health. 2018;13:503–17.PubMed

	25.
Hindley G, Kissima J, Oates LL, Paddick S-M, Kisoli A, Brandsma C, et al. The role of traditional and faith healers in the treatment of dementia in Tanzania and the potential for collaboration with allopathic healthcare services. Age Ageing. 2017;46:130–7.PubMed

	26.
Kabir MH, Hasan N, Rahman MM, Rahman MA, Khan JA, Hoque NT, et al. A survey of medicinal plants used by the Deb barma clan of the Tripura tribe of Moulvibazar district, Bangladesh. J Ethnobiol Ethnomed. 2014;10:19.PubMedPubMedCentral

	27.
De Wet H, Nciki S, van Vuuren SF. Medicinal plants used for the treatment of various skin disorders by a rural community in northern Maputaland, South Africa. J Ethnobiol Ethnomed. 2013;9:51.PubMedPubMedCentral

	28.
Singh YN, Ikahihifo T, Panuve M, Slatter C. Folk medicine in tonga. A study on the use of herbal medicines for obstetric and gynaecological conditions and disorders. J Ethnopharmacol. 1984;12:305–29.PubMed

	29.
Pouliot M. Relying on nature’s pharmacy in rural Burkina Faso: empirical evidence of the determinants of traditional medicine consumption. Soc Sci Med. 1982;2011(73):1498–507.

	30.
Alqethami A, Hawkins JA, Teixidor-Toneu I. Medicinal plants used by women in Mecca: urban, Muslim and gendered knowledge. J Ethnobiol Ethnomed. 2017;13:62.PubMedPubMedCentral

	31.
Santoro FR, Júnior WSF, Araújo TAS, Ladio AH, Albuquerque UP. Does plant species richness guarantee the resilience of local medical systems? A perspective from utilitarian redundancy. PLoS ONE. 2015;10:e0119826.PubMedPubMedCentral

	32.
Albuquerque U, Medeiros P, Ferreira Júnior W, Silva T, Silva R, Gonçalves-Souza T. Social–ecological theory of maximization: basic concepts and two initial models. Biol Theory. 2019;14:73–85.

	33.
Ferreira Júnior WS, Nascimento ALB, Ramos MA, de Medeiros PM, Soldati GT, Santoro FR, et al. Resilience and Adaptation in Social-Ecological Systems. In: Albuquerque UP, De Medeiros PM, Casas A, editors. Evol Ethnobiol [Internet]. Cham: Springer International Publishing; 2015 [cited 2023 Jan 23]. p. 105–19. https://​doi.​org/​10.​1007/​978-3-319-19917-7_​8

	34.
Holling CS. Resilience and stability of ecological systems. Annu Rev Ecol Syst. 1973;4:1–23.

	35.
Nascimento ALB, Lozano A, Melo JG, Alves RRN, Albuquerque UP. Functional aspects of the use of plants and animals in local medical systems and their implications for resilience. J Ethnopharmacol. 2016;194:348–57.PubMed

	36.
Ferreira Júnior WS, Santoro FR, Albuquerque UP. Nossa História Evolutiva: Plantas medicinais e a origem e evolução da medicina. 1st ed. Recife: NUPEEA; 2018.

	37.
Smith-Oka V. Plants used for reproductive health by Nahua women in Northern Veracruz. Mexico Econ Bot. 2008;62:604–14.

	38.
Malik ZA, Bhat JA, Ballabha R, Bussmann RW, Bhatt AB. Ethnomedicinal plants traditionally used in health care practices by inhabitants of Western Himalaya. J Ethnopharmacol. 2015;172:133–44.PubMed

	39.
Albuquerque UP, Nascimento ALB, Silva Chaves LS, Feitosa IS, Moura JMB, Gonçalves PHS, et al. The chemical ecology approach to modern and early human use of medicinal plants. Chemoecology. 2020;30:89–102.

	40.
Ferreira Júnior WS, Alencar NL, Albuquerque UP. Methods for data collection in medical ethnobiology. Methods Tech Ethnobiol Ethnoecology. 1st ed. New York: Springer; 2014. p. 111–21.

	41.
Santoro FR, Albuquerque UP. What factors guide healthcare strategies over time? A diachronic study focused on the role of biomedicine and the perception of diseases in the dynamics of a local medical system. Acta Bot Bras. Sociedade Botânica do Brasil; 2021;34:720–9.

	42.
Díaz-Reviriego I, Fernández-Llamazares A, Salpeteur M, Howard PL, Reyes-García V. Gendered medicinal plant knowledge contributions to adaptive capacity and health sovereignty in Amazonia. Ambio. 2016;45:S263–75.

	43.
Brasil. Renisus. Ministério da Saúde. https://​www.​gov.​br/​saude/​pt-br/​composicao/​sectics/​daf/​pnpmf/​ppnpmf/​renisus. Acesso em: [23 de novembro de 2023].

	44.
Johns T. The origins of human diet and medicine. Chemical ecology. Arizona: The University of Arizona Press; 1990.

	45.
Albuquerque UP, Nascimento ALB, Chaves LS. Feitosa IS, Moura JMB, Gonçalves PHM, Silva RH, Silva TC, Ferreira Júnior WS. The chemical ecology approach to modern and early human use of medicinal plants. Chemoecology. 2020, 30: 89–102 https://​doi.​org/​10.​1007/​s00049-020-00302-8

	46.
Hardy K. Paleomedicine and the evolutionary context of medicinal plant use. Rev Bras Farmacogn. 2023;31:1–15. https://​doi.​org/​10.​1007/​s43450-020-00107-4.Crossref

	47.
Medeiros PM, Soldati GT, Alencar NL, Vandebroek I, Pieroni A, Hanazaki N, Albuquerque UP. Use of medicinal plants by migrant people: adaptation, maintenance, and replacement. Evid Based Complement Altern Med. 2012;1:1. https://​doi.​org/​10.​1155/​2012/​807452.Crossref

	48.
Odonne G, Musset L, Cropet C, Philogene B, Gaillet M, Tareau MA, Douine M, Michaud C, Davy D, Epelboin L, Lazrek Y, Brousse P, Travers P, Djossou F, Mosnier E. When local phytotherapies meet biomedicine. Cross-sectional study of knowledge and intercultural practices against malaria in Eastern French Guiana. J Ethnopharmacol. 2021;279:114384.

	49.
Albuquerque UP, Cantalice AS, Oliveira DVB, Oliveira ES, Santos FIR, Abreu MB, et al. How do local medical systems work? An overview of the evidence. Econ Bot. 2023. https://​doi.​org/​10.​1007/​s12231-023-09587-6.Crossref

	50.
Greene S. The Shaman’s needle: development, shamanic agency, and intermedicality in Aguaruna lands, Peru. Am Ethnol. 1998;25:634–58.

	51.
Gale N. The sociology of traditional, complementary and alternative medicine. Soc Compass. 2014;8:805–22.

	52.
Schwartz LR. The hierarchy of resort in curative practices: the Admiralty Islands, Melanesia. J Health Soc Behav. 1969;10:201.PubMed

	53.
Rao D. Choice of medicine and hierarchy of resort to different health alternatives among Asian Indian migrants in a metropolitan city in the USA. Ethn Health. 2006;11:153–67.PubMed

	54.
Whyte SR, van der Geest S, Hardon A. Social lives of medicines. Cambridge: Cambridge University Press; 2002.

	55.
Carey JW. Distribution of culture-bound illnesses in the Southern Peruvian Andes. Med Anthropol Q. 1993;7:281–300.

	56.
Fernandez RJ, Liria IC, Vázquez RR, Fernandez SC, Iglesias MEL, Vallejo RBD. Exploring the knowledge, explanatory models of illness, and patterns of healthcare-seeking behavior of Fang culture-bound syndromes in Equatorial Guinea. PLoS ONE. 2018;13:e0201339.

	57.
Halberstein R. Epidemiological profile of an urban immigrant population. Int J Migr Health Soc Care. 2011;7:174–81.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Interactions between local medical systems and the biomedical system: a conceptual and methodological review in light of hybridization subprocesses


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13002_2023_637_Fig3_HTML.png
[ Lws

\

§ — ¥

/

S

Scenario 2 - Coexistence of medical syst®

-

Time 1

LMS and Biomedicine

~

N

' - @

=,






OEBPS/images/13002_2023_637_Fig6_HTML.png
/Scenario 1- Initially separate medical systems

/ LMS \ [ Biomedicine \

P | |58 G
Cause: Cause: (¢ . (

\_®® J{ Y

Scenario 2 - Coexistence of medical syste&

/

LMS and Biomedicine

~

3 i Cg B

oo f§ ¥

1))






OEBPS/images/13002_2023_637_Fig1_HTML.png
/Scenario 1- Initially separate medical systems

[ LMS

\

/ Biomedicine \

.

f-

68 — ®

A\
/0 Y
68 — @

)

S

\_ _/

Scenario 2 - Coexistence of medical syste&

/LMS and Biomedicine\

i ¢






OEBPS/css/envelope.png





OEBPS/images/13002_2023_637_Fig4_HTML.png
(s )

<

0|

|

i

* 8

\ Biomedical structure /

\ LMS structure )
~— —

N— —

Scenario 2 - Coexistence of medical systeb

/ LMS and Biomedicine \

* 8 @ "’






OEBPS/images/13002_2023_637_Fig8_HTML.png
-

scenario 1- Spatial segregation Scenario 2 — Segregation \
LMS ) / \
Age
' :
- ¥

Biological sex






OEBPS/images/13002_2023_637_Fig5_HTML.png
Scenario 2 - Coexistence of medical syste&

LMS and Biomedicine

\

-

iMs ) [ Biomedicine

8 s

i

Biomedical structure

%%

L

/

¢ g

r@
o

i

(=g
2%

)

LMS structure





OEBPS/images/13002_2023_637_Fig7_HTML.png
ﬁlario 1- Initially separate medical systems
LMS Biomedicine

i ¢

- &

\_

Scenario 2 - Coexistence of medical system

LMS and Biomedicine

p-% »

LMS and Biomedicine

%*—%‘f®/






OEBPS/css/sidebar.gif





OEBPS/images/13002_2023_637_Fig2_HTML.png
" tms ) [ Biomedicine
3{‘ g —
= ||| $— &

LMS and Biomedicine
Time 1 Time 2
e A
P—¥- ¢ — e
-a-¢ - ¥
\%G\ = —






