JPRAS Open 44 (2025) 204-211

Contents lists available at ScienceDirect ]PRAS
OPEN

An International
Open Access Journal of

_] P RAS O p e n Surgical Reconstruction

EURAPS BAPRAS

journal homepage: www.elsevier.com/locate/jpra

Original Article

Feasibility of calcium hydroxyapatite (Radiesse®)
for improving the biomechanical properties of
facial burn scars: A pilot study

Mariana del Carmen Radilla-Flores?®*,

Erik Agustin Marquez-Gutiérrez >+ Mario Vélez-Palafox",
Maria Isabel Castrején-Vazquez®,

Osiris Cristina Chavez-Flores?, Mario Chopin-Doroteo¢,
Maykel Gonzalez-Torres *

aDivision de Cirugia Pldstica y Reconstructiva, Centro Nacional de Investigacion y Atencion al Paciente
Quemado, Instituto Nacional de Rehabilitacion, Ciudad de México, México

b Jefe de la Divisién de Cirugia Pldstica y Reconstructiva, Centro Nacional de Investigacion y Atencién de
Quemados, Instituto Nacional de Rehabilitacion, Ciudad de México, México

¢ Centro Médico Nacional 20 de Noviembre, Servicio de Inmunologia Clinica y Alergia, Instituto de Seguridad
y Servicios Sociales de los Trabajadores del Estado (ISSSTE), Ciudad de México, México

d Laboratorio de Tejido Conectivo, Centro Nacional de Investigacién y Atencién de Quemados, Instituto
Nacional de Rehabilitacion, Ciudad de México, México

¢ Departamento de Ciencias Quimicas, Facultad de Estudios Superiores Cuautitldn-Universidad Nacional
Auténoma de México, Estado de México 54740, México

ARTICLE INFO ABSTRACT
Article history: Background: Effective treatments for facial burn scars remain lim-
Received 20 May 2024 ited, emphasizing the need for innovative therapeutic approaches.

Accepted 9 February 2025

Available online 19 February 2025 This study explored the feasibility of the use of calcium hydroxyap-

atite (CaHA, Radiesse®) as a treatment to improve the biomechan-
ical properties of facial burn scars.

If:acyizosrg;-s Objective: To evaluate the potential effects of CaHA injections on
burns the biomechanical properties of facial burn scars and to compare
calcium hydroxyapatite these effects with those of untreated skin.

biomechanical properties

biostimulation

* Corresponding authors. Tel.: +52 5559991000.
E-mail addresses: dr_erikmarquez@hotmail.com (E.A. Marquez-Gutiérrez), mikegcu@gmail.com, maykel.gonzalez@unam.mx
(M. Gonzalez-Torres).
# These authors contributed equally to this study.

https://doi.org/10.1016/j.jpra.2025.02.006

2352-5878/© 2025 The Author(s). Published by Elsevier Ltd on behalf of British Association of Plastic, Reconstructive and
Aesthetic Surgeons. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.jpra.2025.02.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jpra
mailto:dr_erikmarquez@hotmail.com
mailto:mikegcu@gmail.com
mailto:maykel.gonzalez@unam.mx
https://doi.org/10.1016/j.jpra.2025.02.006
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.d.C. Radilla-Flores, E.A. Mdrquez-Gutiérrez, M. Vélez-Palafox et al. JPRAS Open 44 (2025) 204-211

Methods: A prospective longitudinal feasibility study was con-
ducted with 13 patients who had mature facial scars (2-5 years)
covering more than 90% of the face, including hypertrophic, at-
rophic, and/or keloid scars. The forehead, cheek, and jaw areas
were measured before treatment (baseline control) and at 2, 4, and
6 months after CaHA application, resulting in 312 measurements.
CaHA was injected subdermally on one side of the face, with the
opposite side serving as a control. Biomechanical properties were
assessed via a Cutometer MPA 580 alongside clinical assessments,
photography, and validated scar scales (Vancouver Scar Scale and
Patient and Observer Scar Assessment Scale).
Results:  Preliminary findings suggest that CaHA injections may
improve skin extensibility, elasticity, viscoelasticity, hydration, ery-
thema, and pigmentation in the forehead, cheek, and jaw areas.
These observations were supported by visual assessments and scale
evaluations.
Conclusion: This feasibility study indicated that subdermal CaHA
injections have potential as a noninvasive approach for improv-
ing the biomechanical properties of facial burn scars. However, fur-
ther studies with larger sample sizes and long-term follow-up are
needed to confirm these findings.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The skin serves as a vital protective barrier, adapting to environmental demands.! However, burns
can lead to pathological, hypertrophic, and keloidal scars, for which effective treatments remain lim-
ited, highlighting the need for innovative options.?

Since the 1980s, dermal fillers, initially developed with collagen,> have undergone significant ad-
vancements, including newer materials like hyaluronic acid and polylactic acid, which offer improved
and longer-lasting results.*> Among these, biostimulants such as calcium hydroxyapatite (CaHA,
Radiesse®) have emerged as promising agents.®

CaHA is an injectable, biocompatible filler that promotes fibroblast activity and stimulates collagen
production, transitioning from type Il (characteristic of early wound healing) to type I collagen, which
provides skin strength and elasticity.’

Unlike passive volumizing treatments, CaHA remodels the extracellular matrix in a controlled man-
ner without causing subdermal scarring, making it a potential treatment for pathological scars, includ-
ing burn scars.%:%-10

Pathological scarring results from excessive fibroblast proliferation and extracellular matrix depo-
sition, leading to physical and psychological challenges.!" Such scars restrict movement, exacerbate
depressive symptoms, and significantly impact quality of life.>1®

This study investigates the feasibility of subdermal CaHA injections for improving the biomechan-
ical properties of facial burn scars. It aimed to establish preliminary insights into CaHA’s role in scar
management and lay the groundwork for future research by assessing elasticity, extensibility, and hy-
dration using objective cutometer measurements.

Patients And Methods

This prospective longitudinal study, approved by the Institutional Review Board, included patients
aged >18 years with mature scars (2-5 years) from second- and third-degree burns covering >90%
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of the face. Scars were hypertrophic, atrophic, or keloid, causing functional impairment and unre-
sponsiveness to prior treatments (dressings, compression garments, or corticoids). Exclusion criteria
included open wounds, pathological skin conditions (e.g., psoriasis, eczema), or psychiatric disorders.
Participants were recruited from the National Center for Burn Care and Research, Mexico, and pro-
vided written informed consent.

Data Collection

Comprehensive facial analyses included scar visualization, photography, and validated scales (Pa-
tient and Observer Scar Assessment Scale [POSAS] and Vancouver Scar Scale [VSS]). Each patient’s
face was divided into thirds (forehead, cheek, jaw) transversely and longitudinally by the midline, ref-
erencing aesthetic facial units. Treatment and control sides were randomly assigned via a coin toss.
Treatment areas were marked at 4 cm from the midline on the forehead and cheek, and 6 cm on the
jaw (Supplementary Figure 1). Measurements were taken before treatment and at 2, 4, and 6 months
postprocedure, with untreated areas as controls.

Biomechanical Analysis

Skin biomechanical properties were assessed using a Cutometer MPA 580 with a 2 mm probe
in time-deformation mode (10 cycles at 450 mbar for 2 seconds, 2-second relaxation). Parameters
included RO (extensibility), R5 (net elasticity), and R6 (viscoelasticity to elasticity ratio). Melanin and
erythema indices were measured with a Mexameter MX18, and skin moisture with a Corneometer
CMS825. Five measurements per site were averaged.

Treatment Protocol

CaHA (1.5 ml) was mixed with lidocaine (2%, 1.5 ml) for a total of 3 ml, homogenized using a
syringe-to-syringe method (15 cycles, Supplementary Figure 2). CaHA was injected subdermally via
an 18G x 70 mm cannula in a fan shape, distributing 1 ml per area. Post-application care included
cleansing and gentle pressure.

Follow-Up

Patients were monitored at 0, 2, 4, and 6 months using POSAS, VSS, photography, and cutometer
assessments. Measurements were consistently performed by the same physician, with results graphi-
cally correlated to clinical progress.

Results

This study included 13 patients (six men and seven women) aged 20-48 years (mean age: 32.6
years) with facial burn scars meeting the inclusion criteria (Table 1). Measurements were taken from
six areas per patient (forehead, cheek, and jaw) before treatment (control) and at 2, 4, and 6 months
post-treatment, resulting in 312 measurements. Prior to treatment, patients experienced facial mobil-
ity impairments due to scar contractures. Post-treatment, significant improvements in biomechanical
properties, such as skin moisture, erythema, and extensibility, were observed across all areas (Tables
1 and 2, Supplementary Figures 1-6).

Quantitative Assessments

Significant improvements were documented using the Cutometer MPA 580:

Forehead: Increased extensibility and reduced erythema (Figure 1).
Cheeks: Enhanced net elasticity, viscoelasticity, and skin moisture (Supplementary Figure 3).
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Figure 1. Graphs showing the analysis of the forehead 6 months after treatment: a) skin extensibility, b) net elasticity, c) viscoelasticity/elasticity ratio, d) erythema index, e) skin moisture
and f) melanin index, comparing the control (Ctrl) and treatment (Tx) areas. A t test was performed, which revealed data with significant associations. (*P < 0.05, **P < 0.01).
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Table 1
Clinical characteristics of patients.

Case  Age Gender  Percentage  Degree

1 20 Male 60% Second
2 33 Male 25% Second
3 42 Male 55% Second
4 32 Male 34% Third
5 27 Male 40% Third
6 33 Male 54% Second
7 24 Female  60% Third
8 29 Female  62% Second
9 38 Female  32% Second
10 22 Female  45% Third
11 46 Female  60% Third
12 34 Female 20% Third
13 48 Female  35% Third
Table 2

Biomechanical properties of the skin of pa-
tients (control and after treatment), p values.

Biomechanical P value Significance

Extensibility 0.02184 =

Elasticity 0.13821 ns
Viscoelasticity = 0.17778  ns
Erythema 0.00266 i

Skin moisture 0.00021 o
Melanin index  0.49603 ns

Jaw: Notable improvement in skin moisture (Supplementary Figure 4). Table 2 shows summary of
biomechanical changes, with significant p values (*P < 0.05, **P < 0.01, ***P < 0.001), is shown
in Table 2.

These improvements are attributed to CaHA’s biostimulatory effects, which stimulate fibroblasts
and promote the synthesis of type III collagen, transitioning to type I collagen over time, enhancing
skin structure without causing subdermal scarring.?-1°

Visual Assessments

Photographic documentation showed significant visual improvements in treated areas at 4 and 6
months (Supplementary Figures 5 and 6). No adverse reactions were reported.

Clinical Scale Evaluations

VSS and POSAS scores showed significant post-treatment improvements (Tables 3 and 4). Minimal
initial discomfort was reported during CaHA infiltration, with no treatment-related adverse effects.

Discussion

Facial scars vary widely based on anatomical location, influencing their appearance and behavior.!*
While visible damage highlights the complexity of pathological scars, assessing region-specific char-
acteristics is essential due to their significant social and occupational impact.'>-16

CaHA was chosen for its biostimulatory properties, including collagen and elastin production, an-
giogenesis, and cell proliferation.®:?-1 Its dual role as a volumizing agent and biostimulator is me-
diated by fibroblast activation, promoting type III collagen production, which transitions to type I
collagen, enhancing biomechanical properties without causing subdermal scarring.
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Table 3

Data obtained before applying the treatment are presented in the first column, and the
final assessment performed after the application of the treatment is presented in the sec-
ond column.

Vancouver Scar Scale (VSS)

Before treatment Score  After treatment Score  P-value

A) pigmentation 2 (0-2) 1(0-2) 0.00012(***)
B) vascularity 2 (0-3) 1(0-3) 0.10241

C) flexibility 5 (0-5) 1(0-5) 0.03522(*)
D) height 3 (0-3) 1(0-3) 0.10241

(*P < 0.05, **P < 0.01, ***P < 0.0001).

Table 4

The data reported before the treatment were applied are presented in the first column, and
the data reported in the second column represent the final assessment 6 months after treat-
ment.

Observer Scar Assessment Scale (POSAS)

Before treatment Score  After treatment Score  P-value

A) pain 6 (1-10) 3 (1-10) 0.00512 (***)
B) itching 7 (1-10) 3 (1-10) 0.01886 (*)
C) change of color 5 (1-10) 7 (1-10) 0.04512 (*)
D) stiffness 7 (1-10) 3 (1-10) 0.02113 (*)
E) thickness 6 (1-10) 3 (1-10) 0.00504 (**)
F) irregularity 5 (1-10) 4 (1-10) 0.04511 (*)

(*P < 0.05, **P < 0.01, ***P < 0.0001).

As one of the first US Food and Drug Administration-approved fillers, CaHA has been widely stud-
ied in facial rejuvenation and acne scars.”” This study demonstrated its feasibility for treating facial
burn scars, with improvements in extensibility, hydration, and elasticity, particularly in the forehead
(extensibility, erythema) and the cheeks and jaw (hydration, viscoelasticity). Noninvasive cutometer
assessments provided precise, repeatable data.

CaHA supports scar management by enhancing fibroblast activity in atrophic scars and modulating
collagen remodeling in hypertrophic scars.!8-2! Tailored dosing and injection techniques may optimize
outcomes for different scar types. However, long-term safety data remain limited, and further research
is needed to assess the risk of ectopic calcification and other complications.

This study used validated assessment tools such as VSS and POSAS,2? although it was limited by
a small sample size, a single-center design, and a short follow-up period. The lack of a placebo-
controlled design also limits conclusions on CaHA's effectiveness versus natural scar remodeling or
external factors. Although triamcinolone was not directly compared, CaHA’s sustained effects could
reduce injection frequency.?3

This study also highlights the cutometer’s potential for evaluating scars in other anatomical re-
gions.?* This noninvasive, reproducible technology could be valuable for broader pathological scar re-
search.2>-%’

Despite promising results, long-term safety data for CaHA in burn scars remain limited.?® Ectopic
calcification, a known burn scar complication, has not been extensively studied with CaHA. Extended
follow-up is needed to address potential safety concerns, especially for permanent substances.

The study’s limitations include a small sample size, single-center design, and 6-month follow-up,
restricting generalizability and long-term safety evaluation. The absence of a placebo-controlled design
limits attributing improvements solely to CaHA, as natural scar remodeling or external factors may
have influenced outcomes. Subjective assessment scales also introduce variability despite standardized
evaluations.
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Future studies should include larger, diverse populations, longer follow-up periods, and placebo-
controlled designs to confirm efficacy and safety. Broader pathological scar research and tailored ap-
proaches to different scar types are recommended.

Conclusions

This feasibility study demonstrated that CaHA (Radiesse®) injections can improve the biomechani-
cal properties of facial burn scars, with preliminary evidence of enhanced extensibility, elasticity, and
hydration. However, these findings should be interpreted cautiously due to the small sample size and
short follow-up.

Further studies with larger, diverse populations, placebo-controlled designs, and extended follow-
up are needed to confirm efficacy, assess long-term safety, and evaluate the risk of complications like
ectopic calcification. While CaHA shows promise as a complementary treatment for scar management,
its role across different scar types requires further investigation.

This study provides a foundation for exploring CaHA’s broader applications in reconstructive and
aesthetic treatments, emphasizing the need to tailor interventions to the characteristics of specific
scar types.
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