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Abstract

BACKGROUND

In rhinoplasty, calcification around silicone implants is frequently observed in the
tip dorsum (TD) area. Additionally, based on a review of various literature, it is
presumed that calcification in silicone implants occurs due to both inflammatory
chemical reactions and physical friction against the tissue. The calcification of
nasal silicone implants not only results in the functional loss of the implants, but
also leads to material deformation. However, there is a lack of research on cal-
cification of nasal silicone implants in the current literature.

AIM
To elucidate various clinical characteristics of calcification around nasal silicone
implants, using histological and radiological analysis.

METHODS

This study analyzed data from 16 patients of calcified nasal implants, who un-
derwent revision rhinoplasty for various reasons after undergoing augmentation
rhinoplasty with silicone implants. The collected data included information on
implant duration, implant types, location of calcification, presence of inflam-
matory reactions, and computed tomography (CT) scans.

RESULTS
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The most common location of calcification, as visually analyzed, was in the TD area, accounting for 56%.
Additionally, the analysis of CT scans revealed a trend of increasing Hounsfield Unit values for calcification with
the duration of implantation, although this trend was not statistically significant (P = 0.139).

CONCLUSION
Our study shows that reducing the frequency of calcification may be achievable by using softer silicone implants
and by minimizing the damage to perioperative tissues.
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Core Tip: Due to its relatively safe biocompatibility and stability, silicone is widely used as a material for nasal implants in
rhinoplasty. However, calcification of silicone implants in the nose results in both aesthetic and functional loss of the
implants. This study, through clinical analysis of calcification in silicone nasal implants, suggests that the highest frequency
occurs in the tip dorsum area. It hypothesizes that the cause of calcification is attributed to both inflammatory reactions and
continuous friction against the tissue. Therefore, using softer forms of silicone and minimizing tissue damage during surgery,
could reduce the complications associated with calcification.
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INTRODUCTION

While there is a significant popularity of rhinoplasty in Asia, in contrast to Western countries, augmentation rhinoplasty
is predominantly performed using alloplastic implants rather than using autologous grafts[1]. Silicone, a medical-grade
polymer with silicon-oxygen chains, stands out for its commendable mechanical properties and chemical stability[2]. The
physical properties and morphology of medical silicone depend on the number of cross-links between chains. Higher
number of cross-links results in solid properties, while fewer cross-links lead to gel-like properties[3].

Silicone implants, therefore, exhibit superior biocompatibility compared to that of other materials, as they do not
dissolve in body fluids, are non-toxic, and carve easily desired shapes[2]. Their nonporous nature deters bacterial infilt-
ration and facilitates straightforward sterilization with antiseptic solutions, making them a preferred choice in plastic
surgeries like augmentation rhinoplasty, chin augmentation, and breast augmentation[4], leading to their widespread
use. Particularly, silicone implants are popular in augmentation rhinoplasty due to their inherent stability, mimicking the
natural nasal skeleton[4]. Newly designed silicone implants can be used to refine and reshape the nasal tip, enhance the
projection, definition, or symmetry of the nasal tip[5]. Furthermore, it may be used to smooth out the profile of the nose in
the correction of hump nose[6].

Despite its excellent biocompatibility, silicone implants may rarely lead to adverse reactions, such as foreign body
reactions. Prolonged implantation may lead to complications like chronic inflammation, delayed hypersensitivity
reactions, infections, capsular contracture, and calcification[7]. The nature of complications varies with the physical form
of silicone: Gel-type induces chronic inflammation and delayed hypersensitivity reactions, while solid silicone associates
with issues like capsule formation, infection, extrusion, and calcification[3].

Calcification, among these complications, occurs due to the chemical rejection response of the body to the implant,
causing loss of flexibility and potentially deforming the material[8]. This not only leads to the functional loss of the
implant, but also results in material deformation and damage. In cases of severe calcification of silicone implants used for
aesthetic purposes, reports have described instances of palpable nodules resembling skin protrusions externally[1].
Severe calcification in nasal implants has even been misinterpreted as hypertrophic bone lesions in the nasal bone[9].

At present, extensive research has been conducted on calcification associated with various medical polymer materials.
Cases of complications owing to calcification have been reported in silicone breast implants and silicone sheet implants
used in ophthalmology[10,11]. The qualitative, quantitative, and three-dimensional structure of calcium deposits in
silicone implants are somewhat understood. Efforts to identify the causes of calcification continue through the analysis of
the histological characteristics of tissues in areas where calcification occurs; however, the exact causes have not been
conclusively determined. Despite the widespread use of silicone nasal implants in Asia, research on the calcification of
silicone nasal implants is limited, especially studies utilizing computed tomography (CT) scans[12,13].

This study aims to conduct an in-depth analysis of the calcification phenomenon in silicone nasal implants. The study
focuses on investigating the prevalence of calcification around the implants in patients, who underwent revision
rhinoplasty to remove existing silicone implants for various reasons after undergoing augmentation rhinoplasty.
Additionally, the study aims to analyze the radiographic and histological characteristics of calcification on CT scans, and
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the clinical manifestations of patients. Through this, the study seeks to contribute new information to existing research on
the calcification of silicone nasal implants, and suggests new clinical insights by understanding the mechanisms of
calcification.

MATERIALS AND METHODS

Patients

We focused on a cohort of 16 patients, who underwent revisional rhinoplasty to remove silicone nasal implants for va-
rious reasons post-augmentation rhinoplasty. The study spanned from January 2022 to October 2023, enrolling patients
from two plastic surgery clinics and one university hospital in South Korea. The surgeries were performed by three
experienced rhinoplasty surgeons. Only patients who underwent revisional surgery, using silicone implants for augmen-
tation rhinoplasty, were included and patients without visible calcification were excluded. Additionally, only adult
patients above 20 years old were included.

Design

A retrospective study was conducted using medical records, and information such as the duration of implantation, types
of implants, location of calcification, and the presence of inflammatory reactions were investigated. CT scans prior to
revision surgery were available for seven patients, allowing examination of Hounsfield Units (HU) of calcification and the
existence of bony erosion. The study adhered to ethical guidelines, receiving approval from the Institutional Review
Board (number: 2023-11-062).

Location of calcification around the implant

To assess calcification prevalence, the implant was segmented into four compartments: Tip dorsum (TD), tip base (TB),
cephalic dorsum (CD), and cephalic base (CB) (Figure 1). The midpoint of the implant's transverse axis served as the
reference, defining regions below and above it as caudal tip and cephalic portions, respectively. The areas in contact with
nasal bone/cartilage and the skin envelope were designated as base and dorsum portions, respectively. In cases where
the range of calcification was extensive and invaded multiple areas, if more than 80% of the calcification was skewed
towards one specific compartment, that compartment was defined as the primary affected one. The results showed that
calcification was localized at a single area in all cases.

Measurement of HU for calcification

The HU of calcified lesions observed in the CT scan, performed before the revisional surgery, was measured. The amount
of X-ray energy absorbed into the tissues in CT is proportional to the density of the tissue. The higher the tissue density,
the weaker the signal returned to the detector, resulting in a brighter image. HU is a numerical representation of this
phenomenon. In other words, the higher the density of the tissue, the brighter it appears in CT, and consequently, the
higher the HU value. For example, air, which is devoid of tissue, appears the darkest, showing HU values below -1000,
while bone, being the densest tissue in the human body, appears the brightest, showing HU values above +1000.
Calcification typically exhibits HU values of +300 or higher. As higher HU values indicate higher density of calcified
deposits, it is indicative of more severe calcification[14]. In this study, the HU value was measured at the visually
brightest spot of calcified lesions in the CT scan. Additionally, the median value of all HU measurements taken at 1 mm
intervals in each case was investigated.

Statistical analysis
Statistical analyses were conducted using SPSS (version 27.0, IBM Corp., Armonk, NY, United States). Spearman's
correlation analysis was used to explore variable relationships, with significance set at P < 0.05.

RESULTS

Patient demographic characteristics

The study focused on 16 patients who exhibited calcification in silicone nasal implants, removed during revisional
rhinoplasty. Patients' ages ranged from 21 to 64 years (mean age: 41.6 years), and the duration of implantation spanned 4
to 20 years (mean duration: 11 years). Investigation of the reasons for revisional rhinoplasty based on medical records
revealed that the primary concern was deformity in nasal shape, with implant deviation being the most common reason
in eight patients (50%). All 16 patients had consistent implant types, utilizing hard-type straight "I" shape silicone
implants. Inflammation around calcification in the skin soft tissue envelope was observed in six patients (37.5%), while no
bony erosion was detected in the seven patients who underwent CT imaging (Table 1).

Gross and histological characteristics, and prevalent location of calcification

We collected samples of calcification present in the capsule around the silicone implant removed during revisional
rhinoplasty. This sample was processed as formalin-fixed paraffin-embedded specimens. Grossly, calcified capsules were
observed enveloping the silicone implant for nasal reshaping (Figure 2). Histological analysis was performed on an
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Table 1 Information of all cases of calcified silicone nasal implants

Number Age Sex  Chief complaint Implant duration Implant shape Location of calcification Bony erosion Inflammation
1 21 Female Implant deviation 4 Straight Silicone TD No No
2 64  Female Tip depression 19 Straight Silicone TD No Yes
3 49  Female Implant deviation 15 Straight Silicone CD No Yes
4 42 Female Implantdeviation 12 Straight Silicone TD No Yes
5 42 Female Pinched tip 12 Straight Silicone TD No No
6 38  Female Implantdeviation 8 Straight Silicone TB No Yes
7 57  Female Dorsum depression 14 Straight Silicone TD No No
8 48  Female Dorsum depression 13 Straight Silicone CD No No
9 51  Female Implantdeviation 15 Straight Silicone TD No No
10 32  Female Hump, high nose 7 Straight Silicone CB No No
11 39  Female Pinched tip 6 Straight Silicone CB No No
12 34  Female Implantdeviation 15 Straight Silicone TD No Yes
13 61  Female Implantdeviation 20 Straight Silicone TD No Yes
14 31  Female Supratip break 7 Straight Silicone TB No No
15 30  Female Visibility 4 Straight Silicone CD No No
16 27  Female Implantdeviation 6 Straight Silicone TD No No

TD: Tip dorsum; CD: Cephalic dorsum; TB: Tip base; CB: Cephalic base.

Figure 1 Four different compartments of the silicone nasal implant. TD: Tip dorsum; TB: Tip base; CD: Cephalic dorsum; CB: Cephalic base.

implant retrieved from a patient with severe inflammatory reactions using Hematoxylin and Eosin staining (500 pm),
revealing inflammation characterized by lymphocyte infiltration (Figures 3 and 4). The primary affected area for
calcification formation was investigated, and TD was the most prevalent (56%) among the previously mentioned four
compartments. Following that, CD was more common (19%), while CB and TB each had two cases (12% each) (Table 2).

HU of calcified lesions

Given that CT scans were not performed on all patients, data was available for seven out of the 16 patients (Figure 5). The
median HU values, calculated, ranged from 456 to 2746 (mean: 1459). The graph depicted the trend of increasing median
HU values with longer durations of implantation (Figure 6). The Spearman correlation coefficient between the median
HU values and duration of implants was 0.618, indicating a positive correlation. However, the P value was 0.139,
suggesting that this correlation was not statistically significant.

DISCUSSION

Silicone, a medical-grade polymer, has been utilized in plastic surgery since the 1960s owing to its remarkable biocompat-
ibility and stability. Particularly, it has gained prominence in breast augmentation procedures, being considered
relatively safe from side effects such as breast cancer and autoimmune diseases[15]. Consequently, it is widely employed
as an intra-body implant for tissue replacement in various body regions. Despite its benefits, complications such as
infection, capsular contracture, and calcification have been also observed. Among these issues, calcification has become a
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Table 2 Location of calcification

Location of calcification n %
TD 9 56.3
CD 3 18.8
CB 2 125
TB 2 125
Total 16

TD: Tip dorsum; CD: Cephalic dorsum; TB: Tip base; CB: Cephalic base.

Figure 2 Gross findings of calcified nasal implant. A: A calcified capsule (orange arrows) is observed around the implant; B: Another implant with severe
multifocal peri-implant calcification.

recent focus of interest due to its delayed onset, potentially resulting in material deformation over time[8]. Once
calcification occurs, the patient inevitably has high chance of silicone implant removal. This underscores the importance
of heightened awareness among plastic surgeons using silicone implants.

Calcification tends to become more frequent and severe with prolonged periods of implantation. It is reported that
calcification occurs frequently in silicone implants that are over 15 years old. Previous research by Jung et al[1] invest-
igated calcification and capsular tissue around silicone nasal implants using optical microscopy. The results indicated an
increase in size of calcification with prolonged in-body duration, accompanied by heightened inflammatory and foreign
body reactions. Surprisingly, there had been no analysis of calcification around nasal implants using CT scans until this
study. In our research, leveraging HU as a measuring tool for density of tissue on CT scans, we identified that higher-
density calcification presented with longer implantation period. This confirms previous findings that calcification tends to
be more severe over time with HU using CT scan.

However, it is crucial to note that calcification does not occur universally in all patients, and there are cases without
inflammation. The degree of inflammation changes varying among individuals and whether these inflammation and
foreign body reactions bring about aesthetic problem in nasal shape remain unclear.

The exact etiology of calcification around silicone implants are not well-established, although various hypotheses have
been proposed. One hypothesis suggests that calcium cations present on the silicone surface promote calcification
through chemical reactions with the plasma. The reason is that anions on the surface of high molecular weight substances
such as silicone act as surfactants[16]. Another theory posits that defects on the implant surface induce membrane
formation by fibroblasts or vascular endothelial cells, triggering calcification[17]. Mechanical stimulation between the
implant and contacting muscle layers as well as osteogenic transformation of the bone cells due to mechanical friction
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Figure 3 Histopathologic findings of calcified nasal implant. A: Calcified material surrounded by fibrotic tissue. Amorphous, irregular-shaped, basophilic
deposits (orange arrowheads) suggesting dystrophic calcification were found surrounding the foreign material and fibrous tissue; B: Adjacent soft tissue exhibits a
mild lymphocytic infiltration and a few foreign body-type giant cells (yellow arrowheads). Hematoxylin and Eosin staining, 500 pm.
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Figure 4 Histopathologic findings of peri-implant tissue. A: Dispersed multinucleated giant cells (orange arrowheads) in the surrounding fibrotic stroma; B:
Sparse lymphocytic infiltration (yellow arrowheads) is also observed in the stroma. Hematoxylin and Eosin staining, 200 pm.

Figure 5 Computed tomography findings of calcified nasal implant. A: A thick calcified capsule observed on the implant; B: Extensive peri-implant
calcification surrounding with the right-side deviated implant.

force are also considered contributors to calcification[18]. As evidence to support this, experimental studies showing that
continuous friction of the aortic valve is directly related to calcification of the valve, have shown that friction causes
changes in the cells and the extracellular matrix of the valve and activates molecular signals that promote calcification
[19]. There is another hypothesis which states that when calcium phosphate is deposited in tissues, calcified nodules are
formed. Calcium phosphate is not easily deposited naturally in vivo, but can be easily deposited owing to decreased pH
within tissue, when lactic acid increases due to increased bacterial metabolism following tissue damage or inflammatory
lesions[20]. In experimental studies, apoptosis of smooth muscle cells caused by necrotic tissue or inflammatory tissue
increases calcific nodules, and calcium aggregation is reportedly observed around apoptotic bodies[21].
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Figure 6 Relationship between the duration of the implant and the median value of Hounsfield unit.

Considering these hypotheses, the cause of calcification in augmentation rhinoplasty using silicone implants may be
assumed to be excessive mechanical or chemical stress against the tissue, such as friction force and chronic inflammatory
response. These factors can be attributed to technical issues, for example implants not being securely fixed, leading to
continuous movement under the nasal envelope. In addition, silicone materials with higher hardness can cause
continuous stimulation on the nasal envelope, especially at the mobile nasal tip area, which is the most common
compartment of calcification in this study. In other words, the softer is the implant, the lower is the risk of calcification. In
the bending test of soft implants, the soft type implant exhibits higher bending strength compared to the hard type
implant (Figure 7).

Regarding the location of calcification, a previous study observed that calcification areas were most extensive in the CD
region. Jin et al[12] hypothesized that placing implants between the nasal bone and periosteum stimulates continuous
bone formation of the periosteum, thereby causing calcification. Jin et al[12] included a large number of “L” shaped
silicone implants, widely used in the past but infrequently used recently. This article also assumed that continuous
mechanical stimulation causes calcification. This contrasts with our study, where all cases had straight implants. Our
study suggested that calcification was the most frequently found at the TD, likely due to more frequent friction from the
anatomical characteristics of the nose, where the lower cartilage structure allows more mobility than do the upper static
structures including the nasal bone and upper lateral cartilage. In addition, postoperative inflammation and fibrosis due
to excessive tip graft also triggers an overall inflammatory reaction contributing to increased calcification of TD. Among
the tip areas, TD directly contacts with the skin and soft tissue envelope and generates more friction than does the TB,
which matches TD as the most common calcification site.

The anatomical layers of nasal implant insertion in rhinoplasty can be broadly categorized into two regions: The bony
vault towards the cephalic aspect and the cartilaginous vault towards the caudal aspect. In the bony vault, the implant is
positioned between the nasal bone and periosteum. In contrast, in the cartilaginous vault, the implant is situated between
the cartilage layer and the musculo-aponeurotic layer[22]. The increased physical friction, thought to contribute to TD, is
attributed to movement of the musculo-aponeurotic layer. This phenomenon is believed to be influenced by the dynamic
interaction between the implant and the surrounding anatomical structures during nasal tip movement[12]. Similar
hypotheses have been proposed for breast implants, where calcification is primarily observed on the front surface when
the implant is inserted below the breast parenchyma. This is attributed to greater movement of breast parenchymal tissue
during physical activities such as running, compared to the relatively static pectoralis major muscle[23]. The study’s
findings indicating a frequent occurrence of calcification on the anterior surface of breast implants, align with the findings
of our study, where calcification was observed to be prevalent in TD.

There are some limitations in this study. First, the study variation results highlight the need for future studies
comparing L-shaped and straight implants to elucidate the causes of calcification with silicone implants. Second, it is not
easy to collect a large number of patients since not all cases are operated with revisional rhinoplasty. Finally, the
possibility of technical error exists during the manual measuring of HUs from CT scans.

CONCLUSION

Our study revealed a high frequency of calcification around nasal silicone implants in the TD region with augmentation
rhinoplasty. In addition, based on several literature reviews, it can be inferred that calcification caused by silicone
implants is caused by both inflammatory reactions (chemical cause) and continuous friction against the tissue (physical
cause). The reduction in calcification may be achievable by using softer implants and minimizing damage to periop-
erative tissues during rhinoplasty.
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Figure 7 Bending strength test of soft silicone implant. A: The implant on the above is a hard type implant (MISTI®; KEOSAN Trading, Seoul, Korea), and
the implant on the below is a soft type nasal implant, (SOFTXIL®; BISTOOL, Seoul, Korea); B: It can be observed that the soft type nasal implant (left, orange arrow)
bends much better when a mild grasping force is applied.
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