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Abstract  

 

Historical medical collections preserve material evidence of technological development, 

clinical practice, anatomical education, and institutional use. This critical review examines 

four representative material groups—metals and alloys, medical and pharmaceutical glass, 

wax-based anatomical models, and rubber and early synthetic polymers—with emphasis on 

their degradation mechanisms, analytical investigation, and conservation requirements. Recent 

literature published between 2020 and 2026 was evaluated to identify material-specific 

vulnerabilities and transferable conservation approaches. Metals are primarily affected by 

corrosion, embrittlement, and surface alteration; historical glass by ion exchange, leaching, 

crizzling, and environmental instability; wax models by deformation, cracking, and composite-

material interactions; and early polymers by molecular degradation, plasticizer migration, 

discoloration, shrinkage, and volatile emissions. Non-destructive and minimally invasive 

techniques, including X-ray-based imaging, XRF, Raman spectroscopy, FT-IR, SEM-EDS, and 

diffraction methods, are central to material identification and condition assessment. The review 

supports a risk-based conservation strategy integrating material composition, deterioration 

activity, environmental sensitivity, evidence of use, and object complexity. Preventive 

conservation and prioritized monitoring should generally precede invasive treatment in 

heterogeneous medical heritage collections. 

 

Keywords: Medical heritage; Conservation science; Historical materials; Degradation; 

Analytical characterization; Preventive conservation 
 

 

Introduction 

 

Historical medical collections constitute a distinctive category of material heritage in 

which scientific practice, technological innovation, craftsmanship, and institutional history 

converge. Medical objects are not merely obsolete instruments or teaching aids; their materials, 

manufacturing traces, modifications, and patterns of use preserve evidence of changing 

approaches to diagnosis, treatment, anatomical education, and laboratory practice [1], [2], [3]. 

Among the most representative objects are anatomical teaching models, whose composite 

construction and material complexity illustrate the close relationship between medical knowledge 
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and material technology. Recent studies on historical wax collections have demonstrated the 

importance of documenting original fabrication techniques while integrating digital recording, 

three-dimensional reconstruction, and minimally invasive conservation strategies [4], [5], [6]. 

The investigation of historical medical objects increasingly relies on non-destructive and 

three-dimensional imaging approaches capable of revealing internal morphology and structural 

relationships without compromising object integrity [7]. Metals and alloys represent a particularly 

important component of medical heritage because of their extensive historical use in surgical, 

diagnostic, mechanical, and laboratory equipment. Their preservation is complicated by alloy 

composition, manufacturing processes, surface treatments, environmental exposure, and previous 

interventions. Studies of copper, silver, bronze, iron, and lead heritage materials have shown that 

embrittlement, stratified corrosion, surface contamination, and chemically active corrosion 

products may substantially alter both structural stability and historical appearance [8], [9], [10]. 

Environmental conditions and burial or exposure histories further influence corrosion behavior, 

while inappropriate cleaning may remove technologically or historically significant surface 

information [11], [12], [13]. 

Glass constitutes another major material class in pharmaceutical, laboratory, diagnostic, 

and therapeutic collections. Although traditionally perceived as chemically durable, historical 

glass may undergo ion exchange, surface hydration, leaching, crizzling, cracking, and progressive 

loss of transparency. Its preservation therefore depends strongly on environmental monitoring, 

appropriate cleaning strategies, and systematic condition assessment [14]-[18]. 

The twentieth century introduced increasingly diverse polymeric materials into medical 

objects. Cellulose nitrate, cellulose acetate, plasticized polyvinyl chloride, and other early 

synthetic polymers are particularly problematic because degradation may involve molecular 

breakdown, plasticizer migration, discoloration, embrittlement, and volatile emissions [19], [20], 

[21]. Their reliable identification frequently requires chromatographic and spectroscopic 

techniques, including FT-IR-based approaches capable of characterizing chemically altered 

historical polymers [22], [23], [24]. Advanced analytical methods, including synchrotron-based 

X-ray diffraction, further expand the possibilities for material identification and degradation 

assessment in complex heritage objects [25]. Accordingly, this review examines metals, glass, 

wax, and early polymers through an integrated framework linking technological development, 

degradation mechanisms, analytical investigation, and conservation decision-making. 

 

Review Methodology  

  

This critical review was designed to synthesize recent evidence concerning the 

technological characteristics, deterioration mechanisms, analytical investigation, and 

conservation of historical medical materials. The literature search focused on publications issued 

between 2020 and 2026 and was conducted using PubMed, Scopus, Web of Science, and Google 

Scholar. The search strategy combined terms related to historical medical objects and museum 

collections with material- and conservation-specific keywords, including “historical medical 

instruments,” “medical museum collections,” “heritage metals corrosion,” “historical medical 

glass,” “wax anatomical models conservation,” “cellulose nitrate conservation,” “cellulose 

acetate degradation,” “historical polymers,” “XRF cultural heritage,” “Raman spectroscopy 

conservation,” and “non-destructive imaging heritage.” 

The review focused on four material groups that are particularly relevant to historical 

medical collections: metals and alloys, medical and pharmaceutical glass, wax-based anatomical 

models, and rubber and early synthetic polymers. Studies were considered eligible when they 

addressed at least one of the following aspects: historical material use, manufacturing technology, 

material composition, degradation processes, condition assessment, analytical characterization, 

preventive conservation, or conservation treatment. Priority was given to peer-reviewed studies 
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directly related to cultural heritage, museum collections, historical scientific objects, or materials 

presenting degradation mechanisms transferable to historical medical collections. 

Publications concerned exclusively with contemporary clinical performance, modern 

implant materials, drug-delivery systems, tissue engineering, or current biomedical applications 

were excluded from the core evidence base. Methodological studies outside the immediate field 

of medical heritage were retained only when the analytical approaches described were directly 

applicable to the non-destructive or minimally invasive characterization of historical objects, 

particularly three-dimensional imaging, surface characterization, elemental analysis, molecular 

spectroscopy, and structural assessment [25]-[30]. 

The selected literature was organized according to material category and comparatively 

examined across four principal dimensions: material composition and technological 

characteristics, mechanisms and indicators of deterioration, analytical methods suitable for 

identification and condition assessment, and implications for conservation practice. Particular 

attention was given to non-destructive and minimally invasive approaches, including X-ray 

fluorescence, Raman spectroscopy, FT-IR, X-ray-based imaging, and complementary 

microscopic or diffraction techniques [25], [28], [30]. Evidence concerning environmental 

control, material instability, preventive conservation, and collection-level risk assessment was 

also incorporated [27], [31]. 

Rather than applying a purely descriptive synthesis, the reviewed evidence was compared 

across material classes to identify recurrent conservation problems, material-specific 

vulnerabilities, and transferable analytical strategies. This comparative approach provided the 

basis for the proposed material-oriented conservation framework linking composition, 

deterioration activity, analytical uncertainty, environmental sensitivity, evidence of historical use, 

and treatment priority. 

 

Historical Development of Medical Materials  

 

The evolution of medical materials reflects the progressive interaction between clinical 

needs, technological capabilities, and the availability of materials with suitable mechanical, 

chemical, optical, and modeling properties. Historical medical collections, therefore, preserve not 

only instruments and teaching objects but also evidence of successive technological transitions 

in medical practice and education [1], [2], [3]. Anatomical models represent a particularly 

illustrative example. Wax became an important material for anatomical teaching because it could 

reproduce complex morphology, color, and surface detail with a degree of realism that supported 

both medical instruction and public demonstration [3]-[6]. The surviving collections also reveal 

increasingly sophisticated fabrication methods, composite constructions, pigments, internal 

supports, and later repair interventions, all of which influence present-day conservation 

requirements [4], [5], [6]. 

Metals and alloys developed in parallel as essential materials for instruments requiring 

strength, hardness, dimensional stability, and repeated mechanical use. Copper alloys, iron-based 

materials, silver-containing alloys, bronze, and later increasingly standardized metallic 

compositions were employed in functional objects whose manufacturing and surface-finishing 

techniques left identifiable technological signatures [8], [9]. Their long-term preservation is 

closely linked to alloy composition, manufacturing history, environmental exposure, and the 

formation of corrosion layers, which may range from relatively stable patinas to structurally 

damaging or chemically active products [8]-[13]. 

Glass became indispensable in pharmaceutical, laboratory, diagnostic, and therapeutic 

contexts because transparency permitted visual inspection of contents, while its chemical 

resistance and formability supported the manufacture of containers and precision objects. 

Historical glass, however, is not uniformly stable; variations in composition and prolonged 
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environmental exposure can promote ion exchange, surface hydration, leaching, crizzling, and 

progressive structural deterioration [14]-[18]. 

The expansion of industrial chemistry during the nineteenth and twentieth centuries 

introduced rubber, cellulose derivatives, plasticized polymers, and other synthetic materials into 

medical and technical objects. These materials offered flexibility, lightness, moldability, 

insulation, and opportunities for serial production, but many early formulations are intrinsically 

unstable [19]-[24]. Their deterioration may involve chain degradation, plasticizer loss or 

migration, discoloration, shrinkage, embrittlement, and surface alteration, making visual 

identification alone unreliable [19]-[24]. Consequently, historical medical collections 

increasingly require material-specific analytical strategies that integrate technological 

interpretation with modern conservation science. 

Taken together, these successive material transitions show that the historical function of 

medical objects cannot be separated from the physical and chemical properties of the materials 

from which they were made. The principal material groups considered in this review differ 

substantially in their original medical functions, representative object types, characteristic 

deterioration pathways, and present conservation requirements. These relationships are 

summarized in Table 1, which provides a comparative overview of the four material classes 

examined in the following sections. 

 
Table 1. Selected historical medical materials, representative applications, degradation patterns, and principal 

conservation concerns 

Material 

group 

Historical medical 

applications 

Representative 

objects 

Principal degradation 

patterns 

Main conservation 

concerns 

Metals and 

alloys 

Cutting, gripping, 

probing, 

measurement, 

mechanical 

support, and 

sterilization-related 

functions. 

Scalpels, forceps, 

scissors, needles, 

probes, trays, and 

diagnostic or 

laboratory 

instruments. 

Uniform, pitting, 

crevice, and galvanic 

corrosion; 

embrittlement; loss of 

plated layers; surface 

contamination. 

Differentiate active corrosion 

from stable patina; preserve 

maker’s marks, wear, and 

repair traces; avoid excessive 

polishing; and apply humidity 

control and selective 

stabilization [8]-[13]. 

Medical and 

pharmaceuti

cal glass 

Containment, 

observation, 

measurement, 

storage, and 

administration of 

liquids. 

Bottles, ampoules, 

syringes, 

thermometers, 

laboratory vessels, 

and optical 

components. 

Ion exchange, surface 

leaching, haze, 

crizzling, cracking, 

flaking, and 

interactions with 

residues or closures. 

Identify chemically 

unstable glass; monitor 

environmental conditions; 

use cautious cleaning; 

preserve labels, closures, 

and historically relevant 

residues [14]-[18]. 

Wax-based 

anatomical 

models 

Anatomical 

teaching, 

pathological 

demonstration, 

dermatology, 

obstetrics, and 

medical education. 

Anatomical 

moulages, sectional 

models, pathological 

models, and 

teaching specimens. 

Creep, deformation, 

cracking, surface 

bloom, pigment 

alteration, dust 

adhesion, and failure of 

internal supports. 

Maintain stable temperature 

and low light; limit 

vibration and handling; 

support deformed 

structures; and preserve 

composite components and 

associated labels [3]-[6]. 

Rubber and 

early 

synthetic 

polymers 

Flexible, 

insulating, sealing, 

moulded, 

prosthetic, and 

therapeutic 

applications. 

Tubing, masks, 

stoppers, gloves, 

prosthetic elements, 

housings, and 

accessories. 

Oxidation, hardening, 

embrittlement, 

plasticizer migration, 

shrinkage, 

discoloration, 

exudation, and volatile 

emissions. 

Confirm polymer identity; 

isolate actively degrading 

objects; use compatible 

storage materials and 

ventilation where required; 

favor preventive 

conservation [19]-[24]. 

 

Material-Specific Conservation Challenges 

 

Historical medical objects present markedly different conservation requirements 

depending on their material composition, manufacturing technology, degree of use, and 

environmental history. Metals, glass, wax, and early polymers differ substantially in their 
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physical behavior and degradation pathways; consequently, conservation strategies must be 

adapted to the specific vulnerabilities of each material class rather than applied uniformly across 

collections. 

 

Metals and Alloys 

Metals and alloys are widespread in historical medical collections because their 

mechanical strength, durability, and machinability made them suitable for surgical instruments, 

diagnostic devices, laboratory equipment, and structural components. Their present condition is 

strongly influenced by alloy composition, manufacturing processes, previous surface treatments, 

and exposure to moisture, salts, pollutants, or incompatible materials [8]-[13]. 

Copper- and silver-based alloys may undergo long-term microstructural and chemical changes 

that contribute to embrittlement and loss of mechanical integrity [8]. Bronze objects frequently develop 

stratified corrosion layers whose morphology and composition provide information on both material 

history and deterioration processes; SEM-EDS and optical microscopy are particularly useful for 

distinguishing metallic substrates from corrosion products and deposited contaminants [9]. Iron-based 

heritage materials may develop complex corrosion systems that coexist with old coatings or surface 

residues, making cleaning and stabilization technically challenging [10]. Environmental factors, 

including soil chemistry and exposure conditions, can further modify corrosion kinetics and the 

composition of alteration layers [11], [13]. 

Conservation interventions must therefore distinguish between active corrosion and stable 

historical surface alteration. Aggressive polishing or indiscriminate corrosion removal may 

eliminate manufacturing traces, patina, or evidence of use. Current approaches favor detailed 

characterization, controlled removal of unstable products, and minimally invasive treatment 

strategies, including targeted cleaning methods where appropriate [10], [12]. 

 

Medical and Pharmaceutical Glass 

Historical glass is commonly represented by pharmaceutical bottles, laboratory vessels, 

ampoules, syringes, measuring devices, and other objects requiring transparency and chemical 

containment. Despite its apparent durability, glass stability varies significantly according to 

composition, manufacturing technology, environmental exposure, and interaction with stored 

residues or associated materials [14]-[18]. 

Chemical instability often begins at the glass surface through ion exchange and selective 

leaching. Accumulation of soluble species may progressively alter the surface and contribute to 

haze, loss of transparency, microcracking, or crizzling [14], [15]. Environmental humidity is 

particularly important, because unstable glasses may undergo repeated hydration and dehydration 

cycles that accelerate surface deterioration [15]-[18]. Condition surveys have consequently 

emphasized the need for systematic identification of unstable objects and long-term monitoring 

at the collection level [16], [17], [18]. 

Cleaning requires particular caution. Experimental evidence indicates that contact with 

water may influence degradation processes differently depending on glass composition and 

condition, meaning that aqueous cleaning cannot be considered universally safe [17]. Prior to 

intervention, assessment should include visual documentation, identification of surface 

instability, and evaluation of deposits, labels, closures, or historically significant residues. 

Preventive conservation based on controlled environmental conditions and appropriate storage 

remains central to the long-term preservation of vulnerable glass collections [16], [17], [18]. 

 

Wax-Based Anatomical Models 

Wax anatomical models are among the most complex objects in medical heritage because 

they combine scientific representation with highly sensitive organic materials and, frequently, 
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composite internal structures. Their historical importance derives from their role in anatomical 

teaching and the realistic reproduction of human morphology, color, and pathological detail [3]-

[6]. 

Wax formulations may contain natural waxes, resins, pigments, fillers, and other additives, 

while models can incorporate textiles, hair, glass elements, wooden bases, metal supports, or 

labels. This heterogeneity produces multiple pathways of deterioration. Temperature fluctuations 

may induce softening, creep, deformation, or structural displacement, whereas low temperatures 

and aging may increase brittleness and cracking. Surface contamination, pigment alteration, 

previous repairs, and deformation of internal supports may further compromise object stability 

[4], [5], [6]. 

Conservation should therefore prioritize environmental stability, minimal handling, 

physical support, and accurate documentation before intervention. Digital technologies have 

become particularly valuable because they permit non-contact recording, three-dimensional 

reconstruction, replication of missing volumes, and design of customized supports without 

extensive manipulation of the original object [4], [5]. Recent studies of historical anatomical 

collections also demonstrate that conservation must preserve not only the wax surface but also 

the technological and pedagogical information embedded in fabrication methods, assembly 

systems, and associated documentation [3], [6]. 

 

Rubber and Early Synthetic Polymers 

Rubber and early synthetic polymers introduced new functional properties into medical 

objects, including flexibility, insulation, transparency, reduced weight, and compatibility with 

mass production. However, many early polymer formulations are intrinsically unstable and may 

deteriorate even under apparently acceptable museum conditions [19]-[24]. 

Cellulose nitrate and cellulose acetate undergo progressive chemical degradation that can 

be monitored through changes in molecular composition and spectroscopic response [19], [22]. 

Plasticized PVC is particularly sensitive to plasticizer migration and interactions with 

surrounding packaging or storage materials, making enclosure selection an important 

conservation factor [20]. Other historical plastics may exhibit discoloration, surface exudation, 

shrinkage, cracking, embrittlement, or loss of transparency, and these visible changes may result 

from complex interactions between polymer matrices, pigments, additives, and environmental 

conditions [21], [24]. 

Because visually similar objects may be manufactured from chemically different 

polymers, visual examination alone is insufficient for reliable identification. FT-IR spectroscopy 

has become particularly important for distinguishing polymer types and detecting chemical 

alteration, while chromatographic methods can provide additional information on molecular 

degradation and formulation [19], [22], [23]. Non-invasive reflection FT-IR techniques further 

expand analytical possibilities where sampling must be avoided [23]. 

For deteriorating polymers, preventive conservation is often more appropriate than 

extensive treatment. Appropriate isolation, inert supports, controlled light exposure, compatible 

wrapping materials, and avoidance of conditions that promote volatile accumulation or plasticizer 

migration are essential measures [19], [20], [24]. Material identification should therefore precede 

intervention, because conservation requirements differ substantially among cellulose derivatives, 

PVC, rubber, and other early synthetic polymers. The principal degradation pathways affecting 

the four material groups are comparatively summarized in Figure 1, highlighting their distinct 

physical and chemical vulnerabilities. 
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Fig. 1. Comparative degradation pathways of metals, glass, wax-based anatomical models, and early synthetic polymers 

in historical medical collections 

 

Evidence of Use, Analytical Investigation and Conservation Decision-Making 

 

Historical medical objects should be interpreted not only through their constituent 

materials but also through the physical and chemical evidence accumulated during manufacture, 

clinical use, sterilization, repair, storage, and previous conservation. These factors may alter 

surfaces and internal structures in ways that are difficult to distinguish from active deterioration. 

Consequently, analytical investigation should precede intervention whenever cleaning, 

stabilization, or restoration could remove historically significant information. 

 

Use, Sterilization, Repair and Contamination 

Wear patterns, scratches, sharpening traces, deformation, repaired joints, replacement 

components, and surface deposits may document the functional history of medical objects and 

should not automatically be classified as damage. In metallic objects, corrosion morphology and 

stratification can reflect both environmental exposure and previous surface treatments, while 

invasive cleaning may remove technologically relevant corrosion layers or historical residues [9]-

[13]. Glass objects may retain pharmaceutical residues, deposits, labels, closures, or other 

associated materials whose removal can compromise historical interpretation; moreover, unstable 

glass surfaces may respond unpredictably to aqueous cleaning [14]-[17]. 

Wax anatomical models frequently contain later repairs, added supports, surface 

reintegrations, or structural interventions that form part of their conservation history [4], [5], [6]. 

Similarly, early polymers may interact chemically with wrapping materials, pigments, additives, 

and neighboring objects, resulting in migration products, discoloration, or surface exudation that 

require careful distinction from external contamination [19]-[24]. Documentation of such 

alterations is therefore essential before treatment. 

 

Comparative Analytical Workflow 

A stepwise analytical strategy is preferable to the indiscriminate application of multiple 

techniques. Initial assessment should include high-resolution photography, dimensional recording, 
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condition mapping, examination of inscriptions and manufacturing marks, and documentation of 

previous repairs. Three-dimensional imaging can provide additional structural information in 

complex objects while limiting physical intervention [7], [29]. 

Subsequent analytical methods should be selected according to the conservation question. 

X-ray fluorescence provides rapid, non-destructive elemental characterization and is particularly 

useful for metals, pigments, fillers, and selected glass compositions [28]. SEM-EDS can provide 

localized compositional information and characterize corrosion layers or heterogeneous surfaces 

when access or sampling conditions permit [9], [26]. Raman spectroscopy offers non-destructive 

molecular identification of pigments, corrosion products, and other heritage materials [30], whereas 

FT-IR methods are particularly valuable for waxes, polymers, coatings, and organic degradation 

products [19], [23], [24]. Advanced X-ray diffraction, including synchrotron-based approaches, can 

resolve crystalline phases and complex alteration products where conventional methods provide 

insufficient information [25]. The analytical sequence should therefore progress from 

documentation and non-contact examination toward increasingly specialized techniques only when 

additional information is expected to influence conservation decisions. The principal analytical 

techniques applicable to the four material groups, together with the conservation questions they 

address, are summarized in Table 2. 

 
Table 2. Analytical techniques by material group and principal conservation question 

 
Material group Preferred techniques Main conservation question 

Metals and alloys XRF; SEM-EDS, and XRD  

[9], [25, [28] 

Alloy identification; corrosion products; 

coatings and surface alteration [8]-[13] 

Medical and 

pharmaceutical glass 

XRF; SEM-EDS; Raman/FT-IR  

[14], [17], [28], [30] 

Bulk/surface composition; leaching; residues 

and coatings [14]-[18] 

Wax-based 

anatomical models 

FT-IR; Raman; X-radiography/3D 

imaging [4], [5], [6], [30] 

Wax/resin identification; pigments; internal 

supports and deformation [3]-[6] 

Rubber and early 

synthetic polymers 

ATR-FTIR; Raman; chromatography 

[19], [22], [23], [24], [30] 

Polymer identification; additives; molecular 

degradation and migration [19]-[24] 

 

Conservation Priority Framework 

Conservation prioritisation should integrate material instability, evidence of active 

deterioration, object complexity, historical significance of surface alterations, and potential risks 

to neighboring objects or collections. Preventive-conservation studies demonstrate that 

environmental requirements should be adapted to the actual material response of objects rather 

than imposed uniformly across heterogeneous collections [27]. Collection-level risk assessment 

similarly provides a structured basis for identifying objects requiring immediate intervention, 

improved environmental control, analytical investigation, or continued monitoring [31]. 

Accordingly, objects showing active corrosion, progressive cracking, deformation, 

polymer exudation, or chemically unstable emissions should receive the highest priority. A 

second category should include objects whose condition cannot be adequately interpreted without 

further analytical characterization. Stable but environmentally sensitive objects should be 

managed primarily through preventive measures, while materially robust objects may remain 

under routine monitoring. This framework emphasizes that conservation decisions should result 

from the combined interpretation of material composition, deterioration activity, historical 

evidence, analytical findings, and environmental vulnerability rather than from visual appearance 

alone [27], [31]. The proposed conservation decision pathway is summarized in Figure 2, 

integrating material instability, active deterioration, historical sensitivity, analytical uncertainty, 

and collection-level risk. 
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Fig. 2. Proposed decision workflow for conservation assessment and treatment prioritization of historical medical objects 

 

Discussion  

 

The comparative assessment of metals, glass, wax-based anatomical models, and early 

synthetic polymers highlights that historical medical collections should be approached as 

heterogeneous material systems rather than as uniform categories of technical objects. Although 

these materials were originally selected because they provided specific functional advantages—

mechanical strength, transparency, anatomical realism, flexibility, or chemical resistance—the same 

properties that supported their historical use now determine markedly different patterns of 

deterioration. Consequently, conservation decisions cannot be based solely on object type or visual 

appearance. They require simultaneous consideration of material composition, manufacturing 

technology, evidence of use, environmental exposure, and the activity of ongoing degradation. This 

interpretation is consistent with material-oriented preventive conservation models, in which 

environmental requirements and treatment priorities are adapted to the actual response of individual 

objects rather than imposed uniformly across collections [27], [31]. 

Metallic medical objects illustrate particularly well the distinction between visible 

alteration and active deterioration. Corrosion products may constitute either unstable reaction 

layers requiring intervention or historically meaningful surfaces recording manufacture, use, 

cleaning, sterilization, or previous storage conditions [8]-[13]. Recent studies of scientific and 

technical museum collections have further demonstrated that corrosion risk is strongly influenced 

by relative humidity, pollutants, exhibition materials, enclosure design, and interactions with 

adjacent organic components [32]. This finding is especially relevant to medical instruments, 

which are frequently preserved together with wooden cases, textile linings, rubber elements, 

paper labels, or polymeric components. Conservation treatments must therefore remain selective. 

Comparative work on lacquered brass shows that cleaning effectiveness varies substantially 



M. BEURAN et al.  

 

 

INT J CONSERV SCI 17, 3, 2026: 1367-1382 1376 

according to corrosion morphology and the chemistry of the applied complexing agents, 

reinforcing the need to characterize surfaces before treatment [33]. Similarly, experimental 

studies on bronze demonstrate that corrosion layers formed under different environments may 

exhibit different protective or destabilizing behaviors [34]. Protective approaches based on 

organic coatings or phosphonic acid systems may provide effective corrosion control, but their 

suitability depends on the state of the patina, substrate composition, and long-term compatibility 

with the object [35], [36]. The influence of alloy chemistry itself should also not be 

underestimated, as early corrosion processes in copper- and silver-based materials vary according 

to elemental composition and environmental exposure [37]. These observations support a 

conservative strategy in which analytical characterization precedes mechanical or chemical 

cleaning and in which preservation of stable historical surfaces is preferred whenever active 

deterioration is absent. 

The same principle applies to protective layers on metals. Non-invasive optical and 

electromagnetic techniques can provide useful information on the presence, thickness, 

distribution, and condition of polymeric coatings without requiring sampling [38]. For historical 

medical instruments, such methods are particularly valuable because polished, plated, lacquered, 

or coated surfaces may represent original technological features rather than later interventions. 

Their removal may therefore erase evidence of manufacturing practice or institutional 

maintenance. This strengthens the argument that conservation assessment should distinguish 

original surface finishes, functional wear, historical repair, and active degradation before any 

cleaning strategy is selected. 

Historical glass presents a contrasting conservation problem because severe chemical 

instability may develop while the object remains apparently intact. Ion exchange, hydration, alkali 

depletion, and progressive network alteration can precede visible haze, crizzling, cracking, or 

flaking [14]-[18]. Experimental studies on silicate glass exposed to aggressive environments 

confirm that deterioration depends strongly on composition, surface condition, and protective 

treatments [39]. Micro-FTIR investigation of weathered glass has further shown that alteration 

products can be chemically differentiated even where macroscopic examination provides limited 

information [40]. These findings support the inclusion of molecular characterization within 

condition assessment, especially when historical pharmaceutical or diagnostic glass retains 

residues, labels, coatings, or closures. Non-contact imaging methods can complement 

compositional analysis: reflectance transformation imaging under different illumination 

conditions improves the visualization of micro-features and surface alteration that might 

otherwise remain undetected [41]. Long-term conservation experience with unstable “weeping” 

glass also demonstrates that appropriate humidity management can substantially influence 

deterioration behavior [42]. Moreover, macro-XRF studies of vitreous heritage materials show 

that instrumental analysis can resolve compositional and taxonomic uncertainties that cannot be 

addressed reliably through visual classification alone [43]. For medical glass collections, these 

observations favor systematic monitoring, cautious cleaning, and analytical confirmation of 

instability rather than intervention based only on transparency or apparent surface cleanliness. 

Wax-based anatomical models require an even more integrated interpretation because 

their significance derives simultaneously from material composition, craftsmanship, medical 

pedagogy, and visual representation. Earlier studies have shown that conservation must account 

for composite construction, pigments, internal armatures, previous repairs, and associated display 

systems [3]-[6]. Recent applications of three-dimensional technologies to dermatological 

teaching models demonstrate that digital documentation and replica production can preserve 

morphological information while reducing manipulation of fragile originals [44]. Computed 

tomography and morphable digital modeling similarly provide access to internal structures, 

concealed supports, and deformation patterns that cannot be assessed externally [45]. More 

generally, X-CT reconstruction has emerged as a valuable tool for monitoring structural change 

and supporting conservation planning without dismantling or sampling complex heritage objects 
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[46]. These methods are particularly appropriate for wax anatomical models because intervention 

based solely on surface appearance may overlook deformation of internal supports, detachment 

between layers, or structural stress within the composite system. Digital recording should 

therefore be regarded not merely as a documentation technique but as part of a preventive strategy 

that can reduce handling and guide customized support design. 

Early synthetic polymers present perhaps the greatest challenge to collection-level 

conservation because degradation can be chemically active, difficult to reverse, and capable of 

affecting neighboring objects. Visual identification is unreliable, particularly for cellulose nitrate, 

cellulose acetate, plasticized PVC, and other early formulations that may exhibit similar color or 

surface appearance despite markedly different aging pathways [19]-[24]. Non-invasive FT-IR 

approaches using external reflection or transflection provide important advantages where direct 

contact or sampling is undesirable [47]. Chemometric analysis of cellulose nitrate has demonstrated 

that spectroscopic changes can be used to characterize progressive degradation [48], while digital 

image analysis based on RGB parameters offers an additional means of mapping yellowing and 

monitoring spatially heterogeneous deterioration [49]. Studies of composite objects containing 

cellulose-nitrate coatings further show that conservation treatments applied to one component may 

influence the degradation behavior of another, emphasizing the risks associated with incompatible 

materials and previous interventions [50]. Equally important, investigations of museum storage 

environments demonstrate that degrading plastics may contribute to indoor pollutants while 

simultaneously responding to airborne contaminants, creating reciprocal interactions between 

objects and their surroundings [51]. These findings strongly support isolation, ventilation where 

appropriate, compatible storage materials, and periodic analytical monitoring rather than aggressive 

restoration of unstable polymers. 

Taken together, the evidence across the four material groups indicates that composite 

construction is one of the most important determinants of conservation complexity. A medical object 

may combine metal, glass, wax, rubber, paper, textile, wood, adhesives, coatings, or residual 

pharmaceutical substances, each with different environmental sensitivities and degradation products. 

Deterioration of one component can accelerate damage in another through moisture retention, volatile 

emissions, corrosion-promoting ions, mechanical stress, or migration of additives. For this reason, 

storage requirements should be determined by the most vulnerable or chemically active component 

rather than by the visually dominant material. Analytical methods should likewise be selected 

according to a defined conservation question. XRF and SEM-EDS are particularly informative for 

elemental composition and corrosion layers [9], [28]; Raman spectroscopy can identify pigments and 

crystalline alteration products [30]; FT-IR is especially effective for waxes and polymers [19], [23], 

[24], and advanced X-ray techniques can reveal internal structures and crystalline phases while 

minimizing physical intervention [25]. 

The proposed conservation priority framework, therefore, reflects a broader shift from 

object-centered restoration toward evidence-based collection management. Objects exhibiting 

active corrosion, progressive glass instability, structural deformation, polymer exudation, or 

hazardous emissions require higher priority than visually damaged but chemically stable objects. 

Conversely, historical wear, sterilization traces, repairs, residues, and stable patinas should not 

automatically be removed because they may constitute documentary evidence of clinical practice 

and technological history. The principal contribution of this review is therefore not the 

identification of a single preferred treatment but the integration of material identification, 

degradation activity, environmental sensitivity, historical evidence, analytical uncertainty, and 

composite-object interactions into a unified decision process. Such an approach is particularly 

appropriate for medical heritage collections, where scientific, technological, pedagogical, and 

clinical significance are inseparable from the physical materials through which they have been 

preserved. 
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Conclusions 

 

Historical medical objects represent complex material records in which technological 

development, clinical function, manufacturing practice, and subsequent use are inseparably linked. 

Metals and alloys, medical glass, wax-based anatomical models, and early synthetic polymers 

illustrate markedly different degradation pathways, ranging from corrosion and chemical instability 

to deformation, molecular breakdown, and additive migration. Their conservation therefore requires 

material-specific assessment rather than standardized intervention. 

Across all four material groups, accurate characterization is fundamental for distinguishing 

active deterioration from stable historical alteration and for selecting appropriate conservation 

measures. Non-destructive and minimally invasive approaches, including X-ray-based imaging, 

XRF, Raman spectroscopy, FT-IR, and complementary microscopic or diffraction techniques, are 

particularly valuable because they can provide compositional and structural information while 

preserving object integrity. Evidence of use, sterilization, repair, contamination, and previous 

conservation should also be documented before cleaning or restoration, as these features may 

contribute substantially to the historical significance of the object. 

The most appropriate conservation strategy is therefore an integrated, risk-based approach 

combining material identification, deterioration activity, environmental sensitivity, object 

complexity, and historical value. Preventive conservation, targeted analytical investigation, and 

prioritized monitoring should precede invasive treatment whenever possible, particularly for 

unstable glass, composite wax models, corroding metals, and degrading polymers. Such an 

approach supports more consistent decision-making at the collection level while preserving both the 

physical integrity and documentary value of historical medical heritage. 

 

References 

 

[1] J. Nott, “Material History, Historied Materials and the Question of Epistemic Freedom in 

Ghana’s Medical Schools,” Social History of Medicine, vol. 37, no. 1, pp. 116–140, 2024. 

DOI: 10.1093/shm/hkad039. 

[2] J. Domański, A. Janczura, M. Wanat, K. Wiglusz, M. Grajzer, J. E. Simmons, Z. Domagała, 

and J. C. Szepietowski, “Preservation fluids of heritage anatomical specimens - a 

challenge for modern science. Studies of the origin, composition and microbiological 

contamination of old museum collections,” Journal of Anatomy, vol. 243, no. 1, pp. 148–

166, 2023. DOI:  10.1111/joa.13854. 

[3] L. E. Sousa, I. D. S. Borges, H. Seidel, I. L. Pereira, and J. P. Farias, “Anatomical description 

of the brain wax models of Museu da Pharmacia de Ouro Preto,” Arquivos de Neuro-

Psiquiatria, vol. 80, no. 11, pp. 1119–1125, 2022. DOI:  10.1055/s-0042-1758463. 

[4] E. Sterp Moga, A. Sánchez-Ortiz, and Ó. Hernández-Muñoz, “3D printing of molds for the 

creation of facsimiles and volumetric reintegrations in wax anatomical sculptures,” Heritage 

Science, vol. 10, Article Number: 199, 2022. DOI:  10.1186/s40494-022-00838-8. 

[5] Ó. Hernández-Muñoz, E. Sterp Moga, and A. Sánchez-Ortiz, “Stabilization of an anatomical 

wax model of the complutense veterinary museum with the help of 3d digital 

technologies,” International Journal of Conservation Science, vol. 14, no. 1, pp. 45–56, 

2023. DOI: 10.36868/IJCS.2023.01.04. 

[6] M. V. Marvi, E. Orsini, G. Vara, A. Fazio, I. Neri, F. D. Koufi, et al., “The anatomical wax 

collection at the University of Bologna: bridging the gap between tradition and scientific 

innovation,” Italian Journal of Anatomy and Embryology, vol. 128, no. 1, pp. 9–16, 2024. 

DOI: 10.36253/ijae-15301. 

[7] D. I. Cocoș, M. Păcurar, A. C. Nistor, D. Moaleș, I. D. Cocoș, and K. Earar, “The role of 

cbct in assessing the severity of wisdom teeth inclusion compared to conventional 



HISTORICAL MEDICAL MATERIALS IN MUSEUM COLLECTIONS 

 

 

http://www.ijcs.ro 1379 

radiological techniques,” Romanian Journal of Oral Rehabilitation, vol. 16, no. 2, 2024. 

DOI: 10.62610/RJOR.2024.2.16.51. 

[8] O. Oudbashi and R. Wanhill, “Long-Term Embrittlement of Ancient Copper and Silver 

Alloys,” Heritage, vol. 4, no. 3, pp. 2287–2319, 2021. DOI:  10.3390/heritage4030130. 

[9] Y. Keheyan and G. Lanterna, “Micro-Stratigraphical Investigation on Corrosion Layers in 

Ancient Bronze Artefacts of Urartian Period by Scanning Electron Microscopy, Energy-

Dispersive Spectrometry, and Optical Microscopy,” Heritage, vol. 4, no. 3, pp. 2526–

2543, 2021. DOI:  10.3390/heritage4030143. 

[10] A. Passaretti, L. Cuvillier, G. Sciutto, and E. Joseph, “Innovative perspective for the 

cleaning of historical iron heritage: novel bio-organogel for the combined removal of 

undesired organic coatings and corrosion,” Heritage Science, vol. 12, no. 1, Article 

Number: 181, 2024. DOI:  10.1186/s40494-024-01288-0. 

[11] M. Abdelbar and A. M. El-Shamy, “Understanding soil factors in corrosion and 

conservation of buried bronze statuettes: insights for preservation strategies,” Scientific 

Reports, vol. 14, no. 1, Article Number: 19230, 2024. DOI:  10.1038/s41598-024-69490-

5. 

[12] D. Prokuratov, A. Samokhvalov, D. Pankin, O. Vereshchagin, N. Kurganov, A. 

Povolotckaia, A. Shimko, A. Mikhailova, R. Balmashnov, A. Reveguk, et al., 

“Investigation towards Laser Cleaning of Corrosion Products from Lead Objects,” 

Heritage, vol. 6, no. 2, pp. 1293–1307, 2023. DOI:  10.3390/heritage6020071. 

[13] C. Petiti, B. Salvadori, S. Vettori, J. M. Welter, P. Guzmán García Lascurain, L. Toniolo, 

and S. Goidanich, “The Effect of Exposure Condition on the Composition of the Corrosion 

Layers of the San Carlone of Arona,” Heritage, vol. 6, no. 12, pp. 7531–7546, 2023. DOI:  
10.3390/heritage6120395. 

[14] G. Verhaar, M. R. van Bommel, and N. H. Tennent, “Development and validation of an 

analytical protocol for the sampling and quantitative analysis of ions on the surface of 

unstable historic glass in museum collections using ion-exchange chromatography,” 

Journal of Chromatography A, vol. 1627, Article Number: 461394, 2020. DOI:  
10.1016/j.chroma.2020.461394. 

[15] T. Palomar, N. García-Patrón, and P. Pastor, “Spanish Royal glasses with crizzling in 

historical buildings. The importance of environmental monitoring for their conservation,” 

Building and Environment, vol. 202, Article Number: 108054, 2021. DOI:  
10.1016/j.buildenv.2021.108054. 

[16] D. Thickett and A. Mėlinis, “Sustainability of Maintaining Glass Collections,” Heritage, 

vol. 8, no. 7, Article Number: 251, 2025. DOI:  10.3390/heritage8070251. 

[17] T. Law, O. Majérus, M. Godet, M. Moskura, T. Charpentier, A. Seyeux, and D. Caurant, 

“Does Water Cleaning Mitigate Atmospheric Degradation of Unstable Heritage Glass? 

An Experimental Study on Glass Models,” Heritage, vol. 8, no. 7, p. 276, 2025. DOI:  
10.3390/heritage8070276. 

[18] R. O’Hern, M. E. Hiebert, S. Colebank, S. Lepsik, and R. A. Kaczkowski, “A 

Comprehensive Review of Recent Glass Condition Surveys for Understanding Glass 

Collections on a Global Scale,” Studies in Conservation, vol. 71, no. 5, pp. 417–429, 2026. 

DOI:  10.1080/00393630.2025.2529046. 

[19] S. Nunes, F. Ramacciotti, A. Neves, et al., “A diagnostic tool for assessing the conservation 

condition of cellulose nitrate and acetate in heritage collections: quantifying the degree of 

substitution by infrared spectroscopy,” Heritage Science, vol. 8, Article Number: 33, 

2020. DOI:  10.1186/s40494-020-00373-4. 

[20] A. Royaux, E. Apchain, I. Fabre-Francke, N. Balcar, G. Barabant, C. Bollard, B. Lavédrine, 

O. Fichet, and S. Cantin, “Conservation of plasticized PVC artifacts in museums: 



M. BEURAN et al.  

 

 

INT J CONSERV SCI 17, 3, 2026: 1367-1382 1380 

Influence of wrapping materials,” Journal of Cultural Heritage, vol. 46, pp. 131–139, 

2020. DOI:  10.1016/j.culher.2020.07.002. 

[21] A. Micheluz, E. M. Angelin, J. A. Lopes, M. J. Melo, and M. Pamplona, “Discoloration of 

Historical Plastic Objects: New Insight into the Degradation of β-Naphthol Pigment 

Lakes,” Polymers, vol. 13, no. 14, Article Number: 2278, 2021. DOI:  
10.3390/polym13142278. 

[22] S. Kavda, A. Micheluz, C. Elsässer, and M. Pamplona, “Development of a gel permeation 

chromatography method for analysing cellulose nitrate in museums,” Journal of 

Separation Science, vol. 44, no. 9, pp. 1795–1804, 2021. DOI:  10.1002/jssc.202001018. 

[23] F. Rosi, C. Miliani, P. Gardner, A. Chieli, A. Romani, M. Ciabatta, R. Trevisan, B. Ferriani, 

E. Richardson, and L. Cartechini, “Unveiling the composition of historical plastics 

through non-invasive reflection FT-IR spectroscopy in the extended near- and mid-

Infrared spectral range,” Analytica Chimica Acta, vol. 1169, Article Number: 338602, 

2021. DOI:  10.1016/j.aca.2021.338602. 

[24] T. Krieg, C. Mazzon, and E. Gómez-Sánchez, “Material Analysis and a Visual Guide of 

Degradation Phenomena in Historical Synthetic Polymers as Tools to Follow Ageing 

Processes in Industrial Heritage Collections,” Polymers, vol. 14, no. 1, Article Number: 

121, 2022. DOI: 10.3390/polym14010121. 

[25] M. Cotte, V. Gonzalez, F. Vanmeert, L. Monico, C. Dejoie, M. Burghammer, L. Huder, 

W. de Nolf, S. Fisher, I. Fazlic, C. Chauffeton, G. Wallez, N. Jiménez, F. Albert-Tortosa, 

N. Salvadó, E. Possenti, C. Colombo, M. Ghirardello, D. Comelli, E. Avranovich Clerici, 

R. Vivani, A. Romani, C. Costantino, K. Janssens, Y. Taniguchi, J. McCarthy, H. Reichert, 

and J. Susini, “The "Historical Materials BAG": A New Facilitated Access to Synchrotron 

X-ray Diffraction Analyses for Cultural Heritage Materials at the European Synchrotron 

Radiation Facility,” Molecules, vol. 27, no. 6, Article Number: 1997, 2022. 

DOI:10.3390/molecules27061997. 

[26] C. Boanca, K. Earar, S. C. Focsaneanu, D. I. Cocoș, and C. C. Budacu, “Evaluation of the 

Surface Properties of Three CAD/CAM Ceramics: A Comparative In Vitro Study,” 

Dentistry Journal, vol. 13, no. 12, p. 550, 2025. DOI: 10.3390/dj13120550. 

[27] D. Thickett, N. Emmerson, R. Larsen, M. Odlyha, and D. Watkinson, “Analysing Objects 

to Tailor Environmental Preventive Conservation,” Heritage, vol. 6, no. 1, pp. 212–235, 

2023. DOI: 10.3390/heritage6010011. 

[28] A. Harth, “X-ray fluorescence (XRF) on painted heritage objects: a review using topic 

modeling,” Heritage Science, vol. 12, Article Number: 17, 2024. DOI: 10.1186/s40494-

024-01135-2. 

[29] C. Boanca, D. I. Cocoș, S. C. Focsaneanu, and K. Earar, “Mechanical Performance and 

Fracture Behavior of Fixed Dental Prostheses Under Bending Loads: An In Vitro 

Comparative Study,” Dentistry Journal, vol. 14, no. 5, Article Number: 255, 2026. DOI: 
10.3390/dj14050255. 

[30] B. Yogurtcu, N. Cebi, A. T. Koçer, and A. Erarslan, “A Review of Non-Destructive Raman 

Spectroscopy and Chemometric Techniques in the Analysis of Cultural Heritage,” 

Molecules, vol. 29, no. 22, p. 5324, 2024. DOI: 10.3390/molecules29225324. 

[31] A. Elnaggar, M. Said, I. Kraševec, et al., “Risk analysis for preventive conservation of 

heritage collections in Mediterranean museums: case study of the museum of fine arts in 

Alexandria (Egypt),” Heritage Science, vol. 12, Article Number: 59, 2024. DOI: 
10.1186/s40494-024-01170-z. 

[32] M. T. Molina, E. Cano, I. Llorente, and B. Ramírez-Barat, “Corrosion Risk to Metal-Based 

Artefacts in a Scientific and Technical Museum: An Assessment of Environmental and 

Exhibition Conditions,” Materials, vol. 16, no. 12, Article Number: 4239, 2023. DOI: 
10.3390/ma16124239. 



HISTORICAL MEDICAL MATERIALS IN MUSEUM COLLECTIONS 

 

 

http://www.ijcs.ro 1381 

[33] J. Schröter, M. Truffa Giachet, L. Cuvillier, E. Joseph, and L. Brambilla, “The Cleaning 

of Corroded Lacquered Brass with Complexing Agents: A Comparative Study,” Heritage, 

vol. 7, no. 6, pp. 3135–3161, 2024. DOI: 10.3390/heritage7060148. 

[34] B. Li, Q. Xia, and W. Dong, “Comparative Study of the Corrosive Behaviors of Rust 

Layers on Bronze Ware in Different Corrosive Environments,” Materials, vol. 18, no. 6, 

Article Number: 1359, 2025. DOI: 10.3390/ma18061359. 

[35] D. Mikić and H. Otmačić Ćurković, “Protection of Patinated Bronze with Long-Chain 

Phosphonic Acid/Organic Coating Combined System,” Materials, vol. 16, no. 4, Article 

Number: 1660, 2023. DOI: 10.3390/ma16041660. 

[36] D. Mikić, F. Radovanović-Perić, and H. Otmačić Ćurković, “Phosphonic Acids as 

Corrosion Inhibitors and Adhesion Promoters for Organic Coatings and Bronze,” 

Materials, vol. 17, no. 15, Article Number: 3710, 2024. DOI: 10.3390/ma17153710. 

[37] F. Boccaccini, C. Riccucci, E. Messina, M. Pascucci, F. Bosi, L. Aldega, A. Ciccola, P. 

Postorino, G. Favero, G. M. Ingo, and G. Di Carlo, “Early Stages of Metal Corrosion in 

Coastal Archaeological Sites: Effects of Chemical Composition in Silver and Copper 

Alloys,” Materials, vol. 17, no. 2, Article Number: 442, 2024. DOI: 10.3390/ma17020442. 

[38] D. Quintero Balbas, A. Dal Fovo, D. Porcu, A. Chaban, S. Porcinai, R. Fontana, and J. 

Striova, “Non-Invasive Evaluation of Polymeric Protective Coatings for Metal Surfaces 

of Cultural Heritage Objects: Comparison of Optical and Electromagnetic Methods,” 

Applied Sciences, vol. 12, no. 15, Article Number: 7532, 2022. DOI: 
10.3390/app12157532. 

[39] S. Schiattone, E. Tomiato, E. Bernardi, M. Zangari, T. Salzillo, M. Vandini, and C. 

Chiavari, “Degradation of Traditional Silicate Glass and Protective Coatings Under 

Simulated Unsheltered Conditions,” Heritage, vol. 9, no. 1, Article Number: 2, 2026. DOI: 
10.3390/heritage9010002. 

[40] S. Barroso-Solares, U. Schade, L. Puskar, E. Rodriguez-Gutierrez, A. C. Prieto, C. Sanz-

Minguez, and J. Pinto, “Addressing the Preservation State and Weathering Products of an 

Ancient Glass Bead Collection (IV-I c. BC) by Micro-FTIR Spectroscopy,” Heritage, vol. 

9, no. 3, Article Number: 94, 2026. DOI: 10.3390/heritage9030094. 

[41] S. Barack, E. K. Webb, and J. Walthew, “Technical Note: Blue and White Light RTI for 

Imaging Micro-Features on Glass Surfaces,” Heritage, vol. 8, no. 7, Article Number: 269, 

2025. DOI: 10.3390/heritage8070269. 

[42] H. Grieb, K. F. Siebel, O. Brieger, R. Pfeifer, C. Bur, D. Thickett, and G. Eggert, “Drying 

the Tears of ‘Weeping’ Glass—The Coburg Magnesium Chloride Experience,” Heritage, 

vol. 9, no. 6, Article Number: 208, 2026. DOI: 10.3390/heritage9060208. 

[43] A. Oikonomou, M. Kaparou, A. Asvestas, K. Tsampa, O. Kordali, K. Nikolentzos, K. 

Manteli, A. Voutsa, G. Moraitou, D. F. Anagnostopoulos, et al., “Mycenaean Vitreous 

Artifacts: Overcoming Taxonomy Hurdles via Macro-XRF Analysis,” Heritage, vol. 8, 

no. 4, Article Number: 122, 2025. DOI: 10.3390/heritage8040122. 

[44] Ó. Hernández-Muñoz, D. Aranda Gabrielli, A. Maruri Palacín, E. Sterp Moga, and A. 

Sánchez-Ortiz, “3D Digital Technologies for the Elaboration of a Replica of a 

Dermatological Didactic Model Belonging to the Olavide Museum from the Original 

Mould,” Heritage, vol. 5, no. 2, pp. 702–715, 2022. DOI: 10.3390/heritage5020039. 

[45] C. Sakellariou, D. Makris, and G. Bardis, “From CT Scans to Morphable Digital Models: 

Methodologies for Revealing and Preserving the Internal Structures of Artistic Figurines,” 

Heritage, vol. 7, no. 10, pp. 5641–5659, 2024. DOI: 10.3390/heritage7100266. 

[46] L. Guidorzi, A. Re, F. Tansella, L. Vigorelli, C. Ricci, J. Ryan, and A. Lo Giudice, “X-CT 

Reconstruction as a Tool for Monitoring the Conservation State and Decay Processes of 

Works of Art and in Support of Restoration and Conservation Strategies,” Heritage, vol. 

8, no. 2, Article Number: 52, 2025. DOI: 10.3390/heritage8020052. 



M. BEURAN et al.  

 

 

INT J CONSERV SCI 17, 3, 2026: 1367-1382 1382 

[47] D. Estupiñán Méndez and T. Allscher, “Advantages of External Reflection and 

Transflection over ATR in the Rapid Material Characterization of Negatives and Films 

via FTIR Spectroscopy,” Polymers, vol. 14, no. 4, Article Number: 808, 2022. DOI: 
10.3390/polym14040808. 

[48] A. Povolotckaia, S. Kaputkina, I. Grigorieva, D. Pankin, E. Borisov, A. Vasileva, V. 

Kaputkina, and M. Dynnikova, “The Nitrate Cellulose Negatives: Degradation Study via 

Chemometric Methods,” Heritage, vol. 7, no. 9, pp. 4712–4724, 2024. DOI: 
10.3390/heritage7090223. 

[49] A. Povolotckaia, S. Kaputkina, I. Grigorieva, D. Pankin, E. Borisov, A. Vasileva, V. 

Lipovskaia, and M. Dynnikova, “RGB Approach for Pixel-Wise Identification of 

Cellulose Nitrate Photo Negative Yellowing,” Heritage, vol. 8, no. 1, Article Number: 16, 

2025. DOI: 10.3390/heritage8010016. 

[50] N. Jastrzębiowska, A. Wawrzyk, and N. Uroda, “Influence Analysis of Polyvinyl Alcohol 

on the Degradation of Artificial Leather with Cellulose Nitrate Coating Originating from 

a Suitcase Stored in the Collection of the Auschwitz-Birkenau State Museum in Oświęcim, 

Poland,” Materials, vol. 16, no. 21, Article Number: 7033, 2023. DOI: 
10.3390/ma16217033. 

[51] M. Catrambone, M. Cappellina, F. Olivini, E. Possenti, I. Saccani, and A. Sansonetti, 

“Indoor Air Quality in a Museum Storage Room: Conservation Issues Induced in Plastic 

Objects,” Atmosphere, vol. 15, no. 12, Article Number: 1409, 2024. DOI: 
10.3390/atmos15121409. 

   
______________________________________ 

 

Received: April 10, 2026 

Accepted: August 20, 2026 

 


