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Background: Emerging research has identified insoluble particulate impurities in hyaluronic acid (HA) fillers as a potential factor in 
modulating inflammatory responses to HA fillers. This integrated study aims to characterize insoluble particles and assess the tissue 
integration and inflammatory potential of the cohesive polydensified matrix hyaluronic acid (CPM-HA) range of fillers.
Materials and Methods: Samples were prepared by degrading five CPM-HA fillers of varying concentration and rheology using 
hyaluronidase. An insoluble particle counter was employed to quantify the number of particles of size ≥10 µm and ≥25 µm present. 
Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) were used to characterize insoluble particles. 
In vivo evaluation of CPM-HA fillers containing 20 mg/mL HA (CPM-HA S and CPM-HA R) in two healthy volunteers was 
performed at 1-week and 4-weeks after intradermal injection, via punch biopsy and histological assessments.
Results: The absolute number of insoluble particles in the CPM-HA fillers were low and beneath established pharmacopeial 
thresholds for injectables. SEM/EDS analysis determined the presence of expected manufacturing-related constituents including 
sodium (Na), chloride (Cl) and sulfur (S), while confirming the absence of immunologically relevant particulate matter such as 
silicon (Si), iron (Fe) and aluminum (Al). Hematoxylin and eosin staining of biopsy specimens revealed good tissue integration and no 
significant inflammatory response following injection of CPM-HA S and CPM-HA R.
Conclusion: CPM-HA fillers exhibited high purity with low levels of insoluble particulate matter and no potential immunologic 
adjuvants, with preliminary in vivo analyses indicating an absence of inflammatory responses.
Keywords: filler impurity, cohesive polydensified matrix technology, scanning electron microscopy, energy-dispersive X-ray 
spectrometry, delayed inflammatory reactions, tissue integration

Introduction
Hyaluronic acid (HA) dermal fillers are widely utilized for facial rejuvenation, volumization, and skin quality enhance
ments in non-invasive aesthetic procedures, owing to their favorable biocompatibility and reversibility.1 As a naturally 
occurring glycosaminoglycan, HA is generally well-tolerated by the human immune system.2–4 However, despite their 
widespread use and proven safety, rare but significant complications can arise.5

Among these, delayed inflammatory reactions (DIRs), which are characterized by erythema, swelling, or firm 
nodules, present a unique clinical challenge.6 DIRs can occur weeks to months after injection, unlike immediate 
hypersensitivity reactions which were more commonly observed with earlier generations of HA fillers. Their unpredict
able onset, heterogeneous presentation, and resistance to treatments make them concerning to physicians and 
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consequently a focus of ongoing research.7 The precise etiology of DIRs is considered to be multifactorial; potential 
triggers include patient factors such as viral or bacterial infections, immune stimulation following vaccination, as well as 
procedure-related factors (eg, suboptimal aseptic technique).8 Beyond these, the intrinsic properties of the filler material 
itself also play an important role.8

Prior literature has focused on the role of low-molecular-weight HA fragments for their potential to activate pro- 
inflammatory pathways.9–11 Notably, late inflammatory reactions have been associated with HA gels using a high 
composition of low-molecular weight HAs as starting ingredients in cross-linking, such as those produced with 
Vycross technology.9,12 In contrast, less attention has been given to non-HA-related particulate matter. These impurities, 
which can originate from manufacturing processes, crosslinking procedures, or even the container and syringe compo
nents, may act as immune adjuvants.13 When injected into dermal or subdermal tissue, they can stimulate innate and 
adaptive immune responses, potentially contributing to DIRs. This risk is amplified with the growing use of HA skin 
boosters administered intradermally,14,15 considering the proximity and abundance of immune surveillance cells in the 
dermis.14 Substandard purification processes can increase complication risk via immune pathways mediated by 
Langerhans and dermal dendritic cells,16 underscoring the need for more stringent purity standards.

Previously, one investigation detected significant quantities of insoluble particles (size >10 μm and >25 μm) in 
several commercial HA fillers beyond pharmacopeial thresholds established for standard injectable drugs.17 Various 
elemental impurities, including potential immunologic adjuvants such as silicon (Si), iron (Fe) and aluminum (Al), were 
identified. The potential sources of these impurities and the mechanisms underlying their immunological effects are 
reviewed and summarized in Table 1. However, to date, product specific safety evaluations remain limited as samples 
were anonymized. Moreover, previous analyses relied solely on physicochemical methods, without biological or 
histological evaluations to assess tissue responses in human subjects.

Cohesive polydensified matrix (CPM) HA fillers have an established safety profile based on extensive clinical use in 
aesthetic medicine, however, product-specific data in relation to insoluble particulate impurities are not yet available. An 

Table 1 Proposed Sources and Immunological Implications of Filler Impurities

Elemental 
Impurity

Potential Sources Anticipated Forms Immunological Implications

C, O, F Filter paper, likely introduced during 
sample preparation

As a fluoropolymer eg in 
polyvinyldenfluoride 
membranes

No anticipated effects on the immune system if not present in original 
product.

K, Mg and Ca Washing buffers, buffers or diluents in 
products.

As cations in salts, eg 
chlorides, sulfates or 
phosphates

Unlikely to initiate or modulate immune responses – naturally present in 
cells and extracellular fluid under physiological conditions.

Si Glass containers in manufacturing, 
lubricant of syringes

As silicone oil, or silicon 
dioxide (silica)

Silicon oil microdroplets may cause early- and late-stage immune 
responses (through immunogenic protein aggregates) and have been 
linked to ocular inflammation post intra-vitreal injections.18 

Crystalline silicon dioxide (silica) which cannot be digested by cells may 
persist and exert strong immunostimulatory properties, including the 
activation of macrophages and downstream inflammasome pathways.19– 

21

Al Aluminum equipment and reaction 
vessels, as well as delamination of glass eg 
in prefilled syringes.

As cations in hydroxides, 
oxides or salts

Alum (aluminum hydroxide) have been shown to directly activate the 
inflammasome in resident and infiltrating macrophages, leading to the 
release of pro-inflammatory cytokines of the interleukin-1 family and the 
beginning of acute inflammation.19

Fe Abrasive steel in manufacturing process As cations in oxides, salts 
or possibly iron in 
elementary form

Iron oxide particles can exert immunostimulatory or 
immunosuppressive effects on immune cells depending on size and 
form.22 They may also be recognized as foreign and initiate a foreign 
body response.23,24

S, P, Cl Washing buffers, buffers or diluents in 
products.

As anions in salts Unlikely to initiate or modulate immune responses – naturally present in 
cells and extracellular fluid under physiological conditions.
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integrated approach would provide deeper insight into potential links between specific filler impurities and inflammatory 
reactions, with the goal of informing clinical practice and future product development. As such, this study aims to bridge 
this critical gap by characterizing the quantity and the composition of insoluble particles within the CPM range of HA 
fillers using scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS). These physicochem
ical findings are complemented by histological assessments of human skin after HA filler injection to evaluate tissue 
integration and inflammatory potential.

Materials and Methods
Sample Preparation of HA Dermal Fillers and Hyaluronidase
A total of five CPM-HA fillers, including: CPM-HA R, (Anteis S.A., a company of the Merz Aesthetics® group, 
Belotero® Revive, Plan-les-Ouates, Switzerland; 20.0 mg/mL HA with 17.5 mg/mL glycerol), CPM-HA S (Belotero® 

Soft; 20.0 mg/mL HA), CPM-HA B (Belotero® Balance; 22.5 mg/mL HA), CPM-HA I (Belotero® Intense; 25.5 mg/mL 
HA) and CPM-HA V (Belotero® Volume; 26.0 mg/mL HA) were prepared for analysis. Hyaluronidase at 10,000 IU/mL 
(Sigma-Aldrich, St. Louis, MO, USA) was prepared by mixing 13.36 mg of hyaluronidase powder with 20 mL of 
ultrapure (Milli-Q) water. The mixture was filtered with a 0.22 µm syringe filter to remove any insoluble particles of 
hyaluronidase powder. The use of normal saline as a solvent can introduce additional insoluble particles, and it can be 
difficult to differentiate these from particles originally present in the filler. To eliminate potential confounding, the 
hyaluronidase solution was prepared using triple-filtered ultra-pure water.

In each 50 mL conical tube, 2 mL of hyaluronidase was mixed with 1 mL of each CPM-HA filler. Ultrapure water 
was added in place of CPM-HA filler and used as a negative control. To make up to a total volume of 20 mL, 17 mL of 
ultrapure water was further added to the tube. All conical tubes were incubated in a 37°C water tank and shaken for 
36 hours for complete degradation of the CPM-HA filler and hyaluronidase powder. A schematic diagram of the 
workflow is provided in Figure 1A.

Insoluble Particle Count
Prior to analysis, each HA filler sample was subjected to enzymatic degradation to liquify the cross-linked gel matrix, as 
described above. A 5 mL aliquot of the degraded sample was then placed into an automated light obscuration particulate 
counter (Particle Measuring Systems, APSS-2000 Automated Parenteral Sampling System, Boulder, CO, USA). The 
instrument was calibrated according to the manufacturer’s protocol, and a flushing cycle with particle-free water was 
performed before each sample run. Particles of sizes ≥10 μm and ≥25 μm were counted and evaluated according to the 
criteria in the United States Pharmacopeia (USP)25 for particulate matter in injections. Three independent measurements 
were performed for each sample, and the average particle count per milliliter with its standard deviation (SD) was 
calculated and reported.

Particle Characterization by SEM/EDS
After degradation with hyaluronidase, a small amount of the solution was drop-casted onto a transmission electron 
microscopy (TEM) grid under clean room conditions. This method was used to prevent contamination from standard 
filter paper. Any material or particles found on the reverse side of the grid were excluded from the analysis because they 
were likely contaminants from the underlying paper. The samples were then visualized using a cold-field emission SEM 
(Hitachi, SU8600, Tokyo, Japan), and the elemental composition of the impurities was determined by EDS. Each sample 
was analyzed at a minimum of five different locations and all detected elements from these analyses were then recorded. 
Signals corresponding to copper (Cu), palladium (Pd), and platinum (Pt) were excluded from the analysis as these 
elements are the primary constituents of the TEM grid, which was used as the main sample support for the particle 
analysis.
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Figure 1 Study Flowchart. (A) Diagram of the workflow for insoluble particulate matter analyses. Each hyaluronic acid (HA) dermal filler from a syringe is mixed with 
hyaluronidase to enzymatically degrade the HA matrix. After the incubation period, the resulting solution is subjected to three main analyses: insoluble particle count, and 
SEM in conjunction with EDS analysis. (B) Diagram of procedures taken for the in vivo histological study. CPM-HA S and CPM-HA R fillers are injected intradermally into the 
forearm skin of human subjects. Punch biopsies samples collected at baseline (pre-injection), 1 week, and 4 weeks post-injection are processed for histological analysis to 
assess the tissue’s response and filler integration. 
Abbreviations: EDS, Energy-Dispersive X-ray Spectroscopy; HA, hyaluronic acid; SEM, scanning electron microscopy.
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In vivo Histological Evaluation in Human Subjects
To complement our physicochemical analysis, we conducted a histological study to evaluate the in vivo tissue response 
to the HA fillers. Two healthy subjects (1 male, 1 female) each received an intradermal injection of 0.1 mL of CPM-HA 
R and CPM-HA S, administered into the forearm skin on either side (Figure 1B). At 1 week and 4-weeks post-injection, 
2mm punch biopsies were performed for each side. For histological evaluations, samples were prepared and stained using 
hematoxylin and eosin. Further evaluation was performed by immunohistochemical (IHC) staining for CD68 which is 
used as a histochemical marker of inflammation associated with the involvement of monocytes and macrophages.

Results
Insoluble Particle Count
The counts for insoluble particles of size ≥10 µm and ≥25 µm were quantified for each filler sample and control group, 
with results summarized in Figure 2. For particles of size ≥10 µm, CPM-HA I had the highest mean particle count at 
3,435.0 (SD 43.3). This was followed by CPM-HA S (1,833.3, SD 186.2), CPM-HA B (1,498.3, SD 113.4), CPM-HA 
R (1,476.7, SD 163.1), and CPM-HA V (938.3, SD 35.1). For particles of size ≥25 µm, CPM-HA I showed the highest 
mean count at 171.7 (SD 47.3), followed by CPM-HA S (131.7, SD 28.9), CPM-HA B (96.7, SD 29.3), and CPM-HA 
V (50.0, SD 13.2). CPM-HA R had the lowest mean count at 13.3 (SD 5.8). The observed particle counts for all tested 
samples were below the established USP thresholds for injectable drugs, in which thresholds are set at a maximum of 
6,000 particles per container for sizes ≥10 µm and 600 particles per container for sizes ≥25 µm.

Visualization of Insoluble Particles by SEM
SEM images visualizing the morphology and size of insoluble particles within the degraded samples are presented in 
Figure 3. Across all CPM-HA filler samples, a porous network of degraded HA matrix, with particulate matter embedded 
within or resting upon the degraded HA scaffold, was observed. The particles varied in shape and size across the different 
filler types. The particles generally appeared to have a non-uniform, crystalline or aggregated morphology. In the higher 
magnification images, CPM-HA S, CPM-HA B, and CPM-HA I each presented discrete, irregularly shaped particles of 
varying sizes. CPM-HA V showed a larger agglomerate of particles, while CPM-HA R revealed a singular and smaller 
particle.

Elemental Determination of Insoluble Particles by EDS Analysis
The elemental composition of insoluble particles based on EDS analysis, as well as their potential sources, are described 
in Table 2. Across all samples, including the control, the primary elements detected were carbon (C), oxygen (O), and 
nitrogen (N). These signals are considered to originate from adventitious contamination, an unavoidable consequence of 

Figure 2 Quantitative analysis of insoluble particles in CPM-HA fillers. Bar graphs showing the mean number of insoluble particles per syringe for each sample, error bars 
representing the standard deviation. The dotted lines represent the USP threshold for injectable drugs for respective corresponding particle sizes. (A) Graph (left) showing 
the number of insoluble particles ≥10 µm in size. (B) Graph (right) showing the number of insoluble particles ≥25 µm in size. 
Abbreviation: UPW, Ultrapure water; USP: United States Pharmacopeia.
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sample handling (eg from laboratory equipment and environment) or exposure to air. Additional elements were also 
identified in specific samples. Sulfur (S) was detected in the CPM-HA S sample. In the CPM-HA V sample, sodium (Na) 
and chlorine (Cl) were present. The CPM-HA R sample also showed the presence of sodium (Na). The remaining 
samples (CPM-HA B, CPM-HA I) did not show any additional elemental signals beyond C, O, and N. Notably, silicon 
(Si), iron (Fe) and aluminum (Al) were not detected in any of the analyses.

Histological Findings in Human Subjects
Histological evaluation of tissue samples from human subjects before and after the injection of CPM-HA S and CPM-HA 
R are presented in Figure 4. At baseline, both subjects exhibited normal dermal tissue architecture. Following the 
injection of both CPM-HA S and CPM-HA R, the HA fillers were observed to be homogenously integrated into the 
dermal layer. Examination of the 1-week and 4-week post-injection samples from both subjects revealed no significant 
inflammatory cell infiltration. There was an absence of notable lymphocytes, macrophages, or other inflammatory cell 
infiltrates around the injection sites. This was further confirmed by IHC analyses which revealed minimal CD68-positive 

Table 2 Elemental Composition of Particles in CPM-HA Fillers Analyzed by Energy-Dispersive X-Ray Spectrometry (EDS)

Element Possible Source Control CPM-HA S CPM-HA B CPM-HA I CPM-HA V CPM-HA R

C Procedural- and sample handling- 
related contamination

+ + + + + +

O + + + + + +

N + + + + + +

S Possible residuals from crosslinking 
agents

+

Na Buffer salts or raw materials; 
neutralizing agents or excipients

+ +

Cl Buffer salts or raw materials +

Notes: “+” indicates that the presence of the element was detected by EDS. 
Abbreviation: EDS, energy-dispersive X-ray spectrometry.

Figure 3 SEM images of insoluble particles within HA fillers. Top row: Low-magnification SEM images (at 1,000 X), illustrating the porous network of the degraded HA 
matrix. Bottom row: High-magnification SEM images (at 5,000 X to 20,000 X), showing the insoluble particles with varying sizes and irregular, aggregated morphologies 
embedded within or resting on the degraded HA scaffold. 
Abbreviations: HA, hyaluronic acid; SEM, scanning electron microscopy.
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staining around the implantation sites (Supplementary Figure 1). Overall, the findings were consistent with good tissue 
integration and a lack of significant inflammatory response over the 4-week observation period for both filler types.

Discussion
This study provides a comprehensive investigation into the safety and biocompatibility profile of the CPM range of HA 
fillers by integrating physicochemical analysis with in vivo histological evaluation in human subjects. One key finding 
from our analysis was that the number of insoluble particles in the CPM-HA fillers fell well below the established 
pharmacopeial thresholds for injectable drugs (ie, <6000 particles of size ≥10 μm and <600 particles of size ≥25 μm per 
container). SEM/EDS analysis revealed the presence of expected manufacturing-related constituents, including sodium 
(Na), chloride (Cl) and sulfur (S).

Figure 4 Histological evaluation of CPM-HA S and CPM-HA R fillers in human skin at baseline, 1-week and 4-weeks post-injection. Hematoxylin and eosin staining of skin 
biopsy specimens revealed no significant inflammatory response following intradermal injection of CPM-HA S and CPM-HA R.
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Importantly, the study confirmed the absence of silicon (Si), iron (Fe), and aluminum (Al), which are associated with 
immunologically relevant particulate matter, and previously detected in other commercially available HA fillers.17 

Literature suggests that contaminants encompassing such elements can act as danger signals, triggering local immune 
responses and inflammasome activation, contributing to the onset of DIRs. Downstream immunological effects may 
depend on the size, form or composition of these impurities, as previously summarized in Table 1. Silicon-based 
impurities may have distinct implications when present as silicone oil or silicon dioxide (silica). Silicone oil impurities 
are shown to induce proinflammatory cytokines (IL-6, IL-8, TNF-α) in human peripheral blood monocytes, and can 
adsorb proteins to form silicone-protein complexes enhancing immunogenicity.26 Notably, inflammatory reactions 
including foreign body granulomas in response to soft silicone gel or free silicone oil have been well documented in 
literature.27–29 Silicone oil, which is more likely to be present as droplets, is less likely to be detected by SEM-EDS as 
compared to silicon dioxide (silica). The uptake of crystalline silica by macrophages or dendritic cells can activate the 
inflammasome. If the silica particles are too large to be ingested (eg small glass fibres), resident macrophages will try to 
extend their membranes in an attempt to engulf the particles – these attempts of phagocytosis without result lead to 
a phenomena known as “frustrated phagocytosis”.30 Such conditions can keep resident macrophages in a permanently 
activated state, resulting in the constant release of reactive oxygen species and proinflammatory mediators and chronic 
inflammation.20

Iron, present in its elemental form (eg in steel abrasive) is not digestible, but may oxidize within the body to form iron 
oxide particles which can behave like a foreign body and initiate a foreign body response.22–24 Aluminum, in contrast, is 
rarely found in pure form in nature and typically exists as compounds with potent immunologic adjuvant properties. 
These compounds can enhance humoral immune responses and contributing to granulomatous inflammation upon 
persistent tissue exposure.31 Similar to silicon, aluminum hydroxides have been shown to directly activate the inflamma
some not only in dendritic cells32 but also in resident and infiltrating macrophages.19 This is aligned with broader 
immunology literature wherein aluminum hydroxides are well-established as vaccine adjuvants due to their ability to 
induce inflammasome activation and robust Th2 immune responses.33

Considering the above immunological implications, it is conceivable that persistent adjuvant exposure in HA fillers 
could play a role in autoimmune/inflammatory syndrome induced by adjuvants (ASIA), which has previously been 
reported with aesthetic HA injections.34 Notably, ASIA was first described by Shoenfeld et al35 as a mechanism of 
adverse immune reactions after vaccination using aluminum compounds as an adjuvant.

Overall, the absence of potentially immunogenic particles in the CPM-HA range is a notable finding, which points 
toward an immunologically favorable profile. The encouraging physicochemical data were corroborated by our in vivo 
histological assessments. Examination of skin biopsies at 1- and 4-weeks post-injection with CPM-HA S and CPM-HA 
R demonstrated excellent tissue integration, with no evidence of significant inflammatory cell infiltrates, foreign body 
reactions, or granuloma formation. These data add evidence for the fillers’ biocompatibility in human tissue. Our findings 
are consistent with earlier reviews6 noting that foreign body reactions are unlikely to occur when optimal tissue 
integration is achieved, highlighting the biomimetic design of the CPM-HA fillers. Further, our data align with the real- 
world safety profile of the CPM-HA filler range. In a literature review examining the safety of 15 HA fillers, CPM-HA 
fillers were found to have no reports of delayed adverse reactions.36 Ultimately, safety should be considered as an 
underlying tenet to the achievement of desired natural results with HA fillers, as complications can impact underlying 
elements (eg visual, tactile, sensory and expressive elements) to defining such outcomes. Taken together, our results 
highlight the importance of greater scrutiny when evaluating fillers, underscoring the clinician’s role to consider not only 
HA composition, but also the purity of the formulation when evaluating risk of immune-mediated complications.

One strength of our study is the incorporation of in vivo histological analyses to corroborate with physicochemical 
analysis. While SEM/EDS and insoluble particulate counter provide valuable quantitative and qualitative data (morphol
ogy, distribution and elemental identity) relating to insoluble impurities, in vivo histological studies enable further 
evaluations in a biologically relevant setting that reflects clinical practice. We acknowledge that the duration of our study 
could be a limitation to capture effects over a longer period of time and may not sufficiently account for delayed 
presentations of inflammatory reactions which can often take months to occur. The in vivo assessments were performed 
only in two subjects to obtain descriptive assessments of filler integration, while minimizing the extent of invasive biopsy 
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procedures. Nevertheless, our descriptive findings provide an important preliminary indication of the favorable tissue 
response and biocompatibility of these formulations. With respect to the SEM/EDS method, while it can identify 
elemental isotopes present in the filler, it is unable to evaluate the type of compounds that are present, thereby 
constraining our ability to fully interpret the identity of these elemental impurities. Considering the possible presence 
of protein aggregates or even carbohydrates, it may be valuable to incorporate other enzymes (eg proteases) to break 
down such macromolecules for further analysis.

Overall, future efforts could look to examining outcomes over a longer period and employing other physicochemical 
analytic methods that could differentiate between compounds of a similar elemental composition.

Conclusion
This study confirms that the CPM-HA range dermal fillers possess low levels of insoluble particles that fall far below 
stringent injectable drug impurity thresholds, and no elemental impurities of concern were identified. In in vivo 
analyses, the CPM-HA range of fillers demonstrated good tissue biocompatibility at 1-week and 4-weeks after 
placement, without evidence of inflammatory or granulomatous responses in human skin. The findings from these 
integrated analyses underscore the critical importance of advanced manufacturing and purification standards. For 
clinicians and patients, this data provides reassurance regarding the safety of the CPM-HA range and reinforces the 
principle that selecting high-purity fillers is fundamental to achieving predictable, safe, and natural-looking aesthetic 
outcomes.

Abbreviations
ASIA, autoimmune/inflammatory syndrome induced by adjuvants; CPM, cohesive polydensified matrix; DIR, delayed 
inflammatory reactions; HA, hyaluronic acid; SEM, scanning electron microscopy; SD, standard deviation; TEM, 
Transmission Electron Microscopy; UPW, Ultrapure water; USP, United States Pharmacopeia.
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