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Aesthetic medicine has advanced greatly in the past
decade in terms of our understanding of facial
anatomy; the cumulative effects of the aging

process; and how dermal fillers may be used to repair,
reduce, and even reverse these changes. Initially, aesthetic
practitioners were “chasing lines and wrinkles,” based on
experience with bovine collagen injections beginning in
the early 1980s. We now appreciate that a natural and
more youthful appearance is dependent on reversing the
cumulative effect of age-related changes both on the
surface and in the subsurface tissues. For surface aging,
restoration of textural and pigmentary alterations is of
paramount importance; for the subsurface, restoring lost
volume and shape is the key to the more youthful
proportions desired by our patients. This focus on facial
shape and volume to restore balance, symmetry, and the
proportions of youth has led to the development and
worldwide clinical use of an ever-expanding list of dermal
fillers for treatment of facial aging.

Dermal fillers as a category of implantable medical
devices, consist of a wide array of products that differ
significantly in their chemical composition, mechanism of
action, duration, safety, and interaction with host tissues.

Many different methods of categorization have been
proposed, based in part on these differing characteristics;
however, no single, universally agreed upon system exists
to date. Of the proposed classification systems, one based
on primary mechanism of action (MOA) first proposed by
Werschler and Narurkar has been widely used.1 In this
approach, dermal fillers are placed into categories of
either collagen biostimulation or replacement volume as a
primary MOA.

In this schema, Radiesse® (calcium hydroxylapatite;
CaHA, Merz Pharmaceuticals GmbH, Frankfurt, Germany) is
a unique product because it provides both replacement
volume and collagen biostimulation as a primary MOA. In
addition, CaHA is biodegradable and reabsorbed naturally by
the host’s metabolic processes. This biostimulatory MOA,
with ultimate reabsorption, results in a performance profile
that is unique to Radiesse.

CaHA is a highly effective agent for many areas of facial
soft-tissue augmentation and is associated with a well-
established safety profile.2 The year 2013 marked a decade of
Radiesse technology, which first received EU approval in
2003 for plastic and reconstructive surgery, including deep
dermal and subdermal soft tissue augmentation of the facial
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area. In the intervening years, the range of uses for CaHA has
evolved alongside developments in the field of aesthetic
medicine from a surface-oriented two-dimensional approach,
concentrating on removal of facial lines and folds, to a three-
dimensional approach that also addresses both soft and hard
tissue volume loss in both the face and the hands.3

With the popularity of dermal fillers demonstrated by
increasing numbers of treated patients, public awareness and
acceptance of nonsurgical enhancement has greatly
increased the treatment options available. Along with
botulinum toxin injections and energy-based devices, fillers
are the mainstay of most medical aesthetic clinics. With
increasing patient demand and the increased availability of
aesthetic providers, private practices have become more
competitive. Patient retention is now a major objective of
most aesthetic businesses. Patient satisfaction is a key
element for patient retention and requires a portfolio of safe
and effective products. Long-term clinical experience,
clinical research, peer-reviewed publications and regulatory
approvals have combined to demonstrate the safety and
efficacy of CaHA. The product has been evolved to meet the
demands of a continuum of aesthetic care in terms of
enhancement of youthful patients (ages 25–35); early
prevention, rejuvenation, and volume restoration for patients
in the middle decades of life (35–55); and for the delay and
maintenance as part of restoration for mature (55–75+)
patients as well. 

In this tenth anniversary year, the authors consider the
historical milestones of CaHA in aesthetic medicine, propose
a protocol for a global facial approach using CaHA, and look
at how its unique properties provide it with a place in today’s
market and keep it at the forefront of modern aesthetic
treatments. Throughout this publication, reference is made
to labeled and off-label indications, techniques, and dilution
protocols performed by experts in the field of aesthetic
medicine. The reader is reminded that some of these are not
approved by regulatory authorities and are not endorsed by
Merz Pharmaceuticals GmbH.

MECHANISM OF ACTION
Radiesse is a biodegradable filler consisting of 30%

synthetic CaHA microspheres (diameter of 25−45μm)
suspended in a 70% aqueous carboxymethylcellulose gel
carrier.4 The soluble carrier gel evenly distributes the
Radiesse CaHA microspheres providing 1:1 correction and
gradually dissipates leaving the microspheres at the injection
site where they induce neocollagenesis by fibroblast
activation.5−7 In a recent clinical histomorphological study,
Radiesse significantly stimulated collagen production over
nine months of follow-up [Yana Alexandrovna Yutskovskaya,
presented at AMEC, October 12, 2013 and 1st eastern AMWC
June 2013]. In this manner, Radiesse provides both
immediate (replacement volume) and long-lasting (collagen
biostimulation) volume enhancement. 

Fibroblasts are found in all connective tissues and the
Radiesse CaHA microspheres are thought to elicit their
activation and subsequent collagen production regardless of
whether Radiesse is injected intra-dermally or at the level of

the dermal−subdermal junction. Animal studies have shown
that this new collagen growth occurs as early as four weeks
post-injection and continues for at least 12 months.6 A
recently performed clinical study has confirmed the longevity
of collagen stimulation by Radiesse [Yana Alexandrovna
Yutskovskaya, presented at AMEC, October 12, 2013 and 1st
eastern AMWC June 2013]. The immediate volume
correction as well as stimulation of long-term deposition of
new collagen surrounding the microspheres contributes to an
average duration of effect of 12 to 18 months, though some
results have been noted 24 months post-injection.8,9

As progenitor cells for osteogenesis do not exist in soft
tissue, no calcification or osteogenesis has been reported in
extensive literature describing the use of CaHA in a variety of
soft tissue applications. CaHA is a completely biodegradable
soft tissue filler. Over time, the CaHA microspheres are
broken down into calcium and phosphate ions by the
phagocytes.10 Further evidence for the biodegradable nature
of CaHA is provided by a study in which computed
tomographic (CT) imaging studies were conducted pre- and
post-treatment with CaHA in 58 individuals with HIv-
associated lipoatrophy or pronounced nasolabial folds.11 In
the CT scans taken immediately after injection, CaHA was
clearly visible, whereas 12 months after the initial injection,
only residual amounts of CaHA could be observed. It is
important to note that in many individuals, the aesthetic
effects remained evident at 12 months even though little
CaHA was visible.

PHYSICAL CHARACTERISTICS
The main physical characteristics that determine the

ability of injectable fillers to provide volume and lift are
complex viscosity (η*), elasticity (G'), and cohesivity.
Viscosity. viscosity (η*) measures the ability of a filler to

resist the shearing forces that it is subjected to within a tissue
after injection. Radiesse has one of the highest viscosities
when compared with other dermal fillers.12 This allows it to
remain in the place where it is injected and not to migrate
into the surrounding tissue.
Elasticity. Elasticity is a measure of a filler’s stiffness and

its ability to resist deformation under an applied pressure
that is external to the filler, e.g. when a filler is extruded
through a needle during injection and after injection when
the filler is subjected to movements of the facial muscles. The
higher the G' the less it deforms under pressure and the more
lift it can provide. Radiesse has a high G' providing it with
greater lifting capacity than many other dermal fillers.12

Cohesivity. The lifting capacity of a dermal filler is
determined by two material properties: gel hardness
(elasticity) and the cohesivity of the gel. Radiesse has been
developed for optimal lift with a balance between high
elasticity and cohesivity.

PRODUCT MILESTONES
Regulatory approvals. Dermal fillers are classified as

medical devices by most regulatory agencies (including the
United States Food and Drug Administration [FDA]) as their
primary intended action is mechanical (“filling effect”).
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Radiesse received a Conformité Européenne (CE)
certification mark (medical device class 3) for plastic and
reconstructive surgery, including deep dermal and
subdermal soft tissue augmentation of the facial area in 2003.
It may be injected into the deep dermis, the subcutaneous
tissue, or supraperiosteally depending on the area of the face
being treated. The European label includes, but is not limited
to, the nasolabial folds, marionette lines, cheek hollows,
cheekbone, jawline, oral commissures, chin, temple, bridge of
the nose, and the hands. In 2006, Radiesse received FDA
approval for the correction of moderate-to-severe facial
wrinkles and folds, such as nasolabial folds, and/or the
correction of the signs of facial fat loss in people with human
immunodeficiency virus.
Pivotal trials. The clinical use of Radiesse has paralleled

developments in the field of aesthetic medicine, which began
with a focus on individual facial lines and folds. The pivotal
clinical trial that led to the FDA approval of the product for
aesthetic correction of nasolabial folds was a multicenter
study of 117 subjects with symmetric moderate-to-deep
nasolabial folds.13 Using a randomized, split-face design,
subjects were injected with Radiesse on one side of the face
and human collagen (Cosmoplast; Allergan, Irvine,
California) on the other. At the six-month evaluation,
Radiesse was rated as superior to collagen in 79 percent of
folds (P<0.0001) and on average required half the amount of
material required for the collagen-treated folds (P<0.0001).
An extension of the above study offered re-treatment with
Radiesse between 6 and 12 months in both folds to balance
asymmetry.9 A total of 102 of the initial 117 subjects were
enrolled and evaluated at intervals up to 39 months after the
last injection of Radiesse. Of the original 102 subjects, three
were lost to follow-up between the two- and three-year time
points. At least 30 months after the last Radiesse treatment,
40 percent of the folds evaluated remained improved. There
were no long-term or delayed-onset adverse events in
patients followed for up to 39 months, including no reports of
nodules, foreign body granulomas, or infections.

A second pivotal trial evaluated Radiesse for the treatment
of facial lipoatrophy in 100 patients with human
immunodeficiency virus receiving highly active antiretroviral
therapy. In this open-label study, all subjects reported
significant improvement at 12 months and 91 percent
reported significant improvement at 18 months. Quality-of-
life data collected at 12 months also revealed that 100
percent of subjects had found that Radiesse treatment had
been beneficial.14 Since these trials were conducted, Radiesse
has been progressively used for a variety of aesthetic facial
and hand indications.15−17

Mixing with lidocaine. In July 2009, a protocol for
mixing Radiesse with lidocaine to produce a final lidocaine
concentration of 0.3% was approved by the FDA. This was
associated with an improvement in patient comfort during
the injection process and an increase in patient satisfaction.18

In Europe, this protocol has not yet been approved by health
authorities.
Distribution milestone. In 2013, Radiesse reached a

distribution milestone with more than five million syringes

shipped for a variety of aesthetic indications without any
safety concerns. The product is now available in over 50
countries and more than 3,000 patients have received it in
controlled clinical studies. 

PATIENT ASSESSMENT
Patient assessment is one of the most important aspects of

a physician’s role as only by making a proper diagnosis can
the appropriate treatment be planned. Assessment of an
individual for optimal treatment should include an evaluation
of the signs of aging and proportions, harmony, and balance
of the face. By combining their knowledge of facial anatomy
and the aging process, physicians can assess patient
suitability and determine the choice of product that will
ultimately provide the results that each individual patient
desires.

Adults of all ages are selecting soft-tissue augmentation,
either as a precursor to or as a substitute for surgery. Patients
in different age groups have diverse treatment needs ranging
from the correction of fine lines and wrinkles in younger
patients to volume restoration in older patients. CaHA is
appropriate for a broad range of aesthetic procedures with
patients’ individual needs dictating the treatment approach.

INJECTION PROTOCOLS FOR A GLOBAL 
FACIAL APPROACH

As well as the development of lines and wrinkles, it is now
known that facial volume loss, via a combination of tissue
laxity (collagen and elastic tissue breakdown), bone
resorption (osteopenia of the facial skeleton), and
lipoatrophy, all play an important role in the appearance of
aging.19−22 With this knowledge, the focus of facial aesthetic
treatments has changed from a two-dimensional approach
concentrating on removing facial lines and improving skin
tone and texture to a three-dimensional approach that also
addresses facial volume loss. The correction of volume loss is
performed with an emphasis on the restoration of facial
symmetry, balance, and proportion. Radiesse is well suited to
this approach as a result of its high elasticity and viscosity,
which provide it with an impressive lifting capacity when
molded and contoured into place. It is also unique among
fillers in that the aesthetic results are not just derived from
the volume of product injected, but also from the long-term
stimulation of the patient’s own collagen production,5 leading
to a longer duration of effect. These physical properties of
Radiesse provide it with great versatility and make it suitable
for most aspects of facial augmentation—line filling, skin
tightening, lifting, contouring, and volumizing. 

Studies of saccadic eye movements have revealed the
features that people look at when studying a face.
Interestingly, different cultures appear to focus on different
face information. For example, Caucasian observers fixate
on the eye region and the mouth, whereas East Asian
observers fixate more on the central region to extract
information from faces.23 During this scanning of another
person’s face, we subconsciously register many different
aspects of that person’s anatomy that provide us with quite
a precise estimate of that person’s age. As physicians, we
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need to address all of the details that are being scanned in
these initial observations to provide our patients with
optimal treatment results. To restore a natural more
youthful look, a global facial approach is often required to
restore the subtle variations of side-to-side symmetry,
upper-mid-lower face balance, and proportion. Although this
article is restricted to the consideration of CaHA, facial aging
is a complex process and a combination of nonsurgical
technologies is typically used to minimize hollows, lines, and
wrinkles; recontour features; and improve the skin’s overall
tone. It may be stated that the youthful face has more
highlights than lowlights, more convexity than concavity,
more reflections than shadows, and more tone than texture.
When undertaking a global facial approach, a multi-level
technique generally provides the best results—deep volume

restoration at the supraperiosteal level, subcutaneous
contour reconstruction, and superficial dermal reduction of
skin laxity (the latter is not an approved indication for
Radiesse). The use of a volumizing filler, such as CaHA can
immediately restore volume as well as fill and correct
specific creases and hollows. It is ideal for use in all areas of
the face except the glabella, periorbital area, and lips. The
amount injected will vary depending on the site and extent
of the restoration or augmentation desired, but in all cases,
the correction ratio for Radiesse is approximately 1:1 (i.e.,
overcorrection should be avoided). 

A detailed injection protocol for a global facial approach is
provided in Table 1. In the upper face, sunken temples and
the area above the eye brows (frontal concavity) can be
significant contributors to an aged look. volume restoration

TABLE 1. Radiesse injection protocol for a global face approach

TREATMENT AREA BENEFITS INJECTION PROTOCOL SAFETY CONSIDERATIONS

Frontal concavity 
(parallel and superior
to eyebrows)

Reduces skeletonized
appearance, restores
youthful frontal convexity
and contributes to brow 
lift

Mark frontal concavity prior to
injection.
Inject only at the subgaleal/
supraperiosteal plane

Facial nerve, supraorbital/supratrochleal nerve and
arteries. Cannula technique is advised starting from
temporal crest

Temporal concavity

Restores oval of the face,
reduces skeletonized
appearance and 
contributes to lift of 
lateral brow 

Submuscular/supraperiosteal/
subdermal injection protocols

Submuscular injection protocol: for Radiesse, aspiration
before injection is not a reliable test to avoid intravascular
injection as the filler inside the needle will be too viscous
to allow blood to enter the syringe. Therefore, multiple
boluses are injected in the submuscular/supraperiosteal
plane. With the needle tip gently touching the periosteum,
the chance of intra-arterial injection is minimized. Injector
should remain on periosteum during entire injection. Slow
bolus injection minimizes risk of retrograde arterial 
migration of product and low volume of bolus (0.1–0.2mL
per bolus) minimizes risk of necrosis as only a small area
could be blocked and will allow for collateral perfusion. 
Subdermal injection protocol: venous network, superficial
temporal artery. Advisable to use blunt cannulas. Injectors
often choose to dilute according to the FDA dilution 
protocol (0.3mL lidocaine for a 1.5mL Radiesse syringe)

Brow lift Lifts brow, reduces 
lateral hooding

Submuscular/supraperiosteal or
subcutaneous/dermal injection at
the level of the lateral brow to the
peak/middle of the brow. Needle
or cannula technique. Our 
technique is only for 
supraperiosteal placement, as vas-
cular entry/cannulation is too
much of a risk in this area.

Venous plexus, supraorbital artery and nerve, 
intraorbital area. Avoid masculinization of the female
brow: limit volume.
A cannula is advised to avoid intravascular injection. If
a needle is used, inject with: 1) low volume, 2) low
pressure, 3) retrograde in an area where there are no
large arteries—the dermal/subdermal plane of the area
from the peak to the tail of the brow; more medially
from the peak, direct arterial connections to the
intra-orbital area are present (supraorbital artery, 
supratrochlear artery). Also avoid deep injection to 
prevent intra-arterial injection. Advocate no more than
0.3mL total volume to brow in a single injection sitting

Continued on next page
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TABLE 1 continued. Radiesse injection protocol for a global face approach

TREATMENT AREA BENEFITS INJECTION PROTOCOL SAFETY CONSIDERATIONS

Zygomatic area 

Restores V-shape of the
face, restores youthful
cheek convexity, lifts 
sagging soft tissues,
reduces lower lid lag, and
reduces tear trough
(without treating the 
latter).

Multilevel approach: Needle or
cannula technique. Cannula: 2-
point technique: Zygomatic arch
entry point and medial zygoma
entry point
Above alar-tragal line: Inject only
at the periosteal level. Below alar-
tragal line: Inject more “superfi-
cially” (meaning dermal/
subdermal junction)

Infraorbital foramen; lymphatic drainage, infraorbital fat
compartments, malar edema.
Proper patient selection is necessary, for example, care
should be taken when treating patients with fat bags.
Assess for any asymmetry of the zygomatic arches in each
patient. Augmentation of the midface in individuals with
herniated fat pads may help to reduce the appearance of
fat pads. However, care should be taken not to inject into
the Arcus Marginalis, as this may result in protrusion of
the fat, and development of “white bangers” as Radiesse
aggregates and becomes visible through the skin. Note:
Avoid injection of product directly into a fat pad, as fat
pads are quite vascular. Advocate injection only over
periosteum and lightly mold when complete

Mandibular 
augmentation 

Restores mandibular def-
inition, reduces jowl,
pre-jowl sulcus, and
marionette lines

2-point cannula technique.
Mandibular angle: Placement at
dermal/subdermal junction for skin
tightening and redefining
mandible. 
Point (depot) technique at the
mandibular angle may help to
define the lateral jaw, especially in
older patients and those with poor-
ly defined definition from face to
neck, and contribute to 
curvilinear mandibular sweep.
Pre-jowl sulcus entry point:
Multilevel technique (dermal/ 
subdermal junction plus 
supraperiosteal placement).
Supraperiosteal placement to 
augment masseter projection

Mandibular angle: Facial arteries; avoid placing product
into jowl, as that might aggravate jowling.
Parotid gland
Pre-jowl sulcus entry point: Mental foramen, avoid 
placing product into mucosa and muscle as 
intramuscular injection can lead to nodule formation

Pre-jowl sulcus (PJS) injection
• Palpate edge of mandible and position finger under
edge of mandible to prevent inadvertent tracking of
product inferiorly upon injection

• Select PJS insertion point (antero-superior to the
mandibular edge, mid PJS defect), advance needle
down to periosteum being aware of bevel opening

• Inject aliquot of product (up to 0.4mL) to periosteum in
the direction you wish to augment the pre-jowl sulcus
concavity: Example: if injecting on the lateral edge of
the concavity, have the bevel opening facing medially.

• May reposition needle to change bevel opening and
flow of product, depending on visual endpoint/desired
correction. Example: after the first bolus is placed, it is
not uncommon to reposition the bevel opening to face
superomedially in order to place a smaller bolus to
complete the desired correction/augmentation.

• May add subdermal threads if collagenesis is
desired over the pre-jowl sulcus aspects

• Gently pinch and mold to further contour jaw line

Angle of jaw (AOJ) injection
• Parotid gland—Avoid injection into this gland, which
lies within the lateral cheek fat medial to the ear. Cheek
laxity can cause ptosis of the gland into the injection
area. Advocate supraperiosteum placement with 
minimal massage to avoid retrograde tracking into
needle track. If placing a few subdermal product
threads, care should be exercised to stay immediately
subdermal to avoid inadvertent injection into the
parotid.

Continued on next page
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TABLE 1 continued. Radiesse injection protocol for a global face approach

TREATMENT AREA BENEFITS INJECTION PROTOCOL SAFETY CONSIDERATIONS

Mandibular 
augmentation 
(continued)

• Masseter muscle—Product placement should be
below this muscle

• Facial artery—Palpate this artery medial to the
masseter muscle in the antigonal notch along the
inferior edge of the mandible. Nicking this artery
is a common cause of increased bruising in the
area

• Facial nerve—This nerve runs through the
parotid gland. Avoid injection in or near the
parotid gland

• Palpate angle of the jaw and outline with a skin
pencil. Palpate the facial artery located 
immediately anterior to the masseter muscle. May
have patient clench their jaw to palpate the 
anterior edge of masseter. Mark this area with an
“X” to indicate a non-injection area. Mark the
desired locations to place aliquots on the angle of
the jaw

• Suggested aliquot locations: Near the angle of the
jaw, slightly anterior to the angle of the jaw, 
superior overlying the inferior portion of the
ramus. Note any asymmetry pre-injection

• Position thumb under edge of mandible and use
fingers of noninjecting hand to push soft tissue
structures up and off the mandibular edge to 
prevent inadvertent tracking of product inferiorly
or into the parotid gland upon injection

• Select insertion point for aliquot nearest the angle
of the jaw by rolling finger to locate slight 
concavity. At a 90 degree angle to the skin,
advance needle down to periosteum and place an
aliquot of product (up to 0.5mL)

• A total of 0.7–2.95mL of Radiesse has been used
to treat each AOJ, depending on correction
desired

• Place next aliquot just superior to first along the
lateral edge of ramus. Aliquot volume should
decrease as additional aliquots are placed

• Third aliquot may be placed medial to angle site.
Care should be taken to avoid the antigonal notch,
facial artery, and nerve

• May place linear threads in the subdermal plane
for contouring between aliquots. Gently pinch
and mold to further contour jaw line and smooth
product 

Mentum 
augmentation 

Reduces marionette
lines, restores convexity
of mentum, balances the
face with Steiner’s line
(joins soft tissue 
pogonion to the mid-
point between subnasal
and nasal tip; the lips
should touch this line)

Multi-level approach: submuscular
at the periosteum of the mentum
and dermal/subdermal junction. 
1-point cannula technique

Submental artery. Avoid injecting in the oral mucosa,
so supraperiosteal injection only when injecting 
submuscularly.
Typical injection is subdermal. Care must be taken
when injecting to periosteum at this level, given the
product may show or surface to the lower gingival
sulcus immediately following injection (physician
thought he/she was lower than the gingival sulcus
and was not). Total volume injected during a single
treatment session is often around 0.5mL per side 
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with CaHA can return a youthful appearance to these areas
and even raise the outer brow (Figures 1 and 2). The outer
edge of the eyebrows can sometimes droop with age. The
addition of a small amount of Radiesse to this area provides a
very subtle lift to the brow by restoring volume to a tiny fat
pad located directly underneath the eyebrow (Figure 3). This
technique may be especially effective when used in
combination with botulinum toxin to relax the muscles that
pull the brow down (lateral brow depressors).

In the midface, restoring volume to the cheekbone and the
sunken area beneath the cheekbone (submalar hollowing)
returns the face to a younger heart shape (triangle of youth)
and is a subtle way of making a patient look and feel younger
(Figure 4). The effect is to lift sagging soft tissues, reduce
lower eyelid lag, and reduce the tear trough without the need
for treating the tear trough area. Adding volume to the
cheekbones (midface) also provides lift to the cheek and
jowls (lower face). Above the alar-tragal line (Hinderer’s
line), CaHA should be injected supraperiosteally, while below
the alar-tragal line, injection should be at least deep dermally
to the junction with the subcutis. 

In the lower face, the jawline loses its curvilinear (oval)
shape and smooth line with age. Recommended insertion
points for recontouring the jawline and disguising the
jowls are at the mandibular angle and prejowl sulcus, and
CaHA should be placed at the dermal−hypodermal
junction or deep dermis (Figure 5). Augmentation of the
mandible just supraperiosteally below the masseter
(mandibular angle) is effective in both men and women,
where loss of volume of the masseter and mandible can be
simultaneously addressed. The use of CaHA for mentum
augmentation alters the projection of the chin and reduces
marionette lines, providing noticeable improvements to an
individual’s appearance (Figure 6). At the mentum, a

multi-level approach is also recommended, where
supraperiosteal placement is combined with dermal/
subdermal placement.

A set of consensus recommendations on the use of CaHA
for jawline rejuvenation has recently been published, which
reinforces the approach described above.24 The
recommendations use a validated jawline scale for defining
loss of oval facial contours to provide clinicians with step by
step guidance on jawline rejuvenation with CaHA, including
advice on type of anesthesia, injection techniques, volume
for injection, and use in combination with other procedures. 

NEEDLE OR CANNULA
Dermal fillers may be injected using either a hypodermic

needle or blunt-tip microcannula. CaHA is generally injected
with a 30mm-long 27 gauge or 19mm-long 28 gauge inner
diameter needle or a 25 or 27 gauge variable length
microcannula. Needles have the advantage of extreme
precision of movement, the possibility of deep intradermal
injection, and a requirement for smaller injection volumes.
Disadvantages of needles include pain, bruising, and
nerve/vessel laceration. Cannulas cause less trauma, pain,
and bruising and allow a large area to be treated at the chosen
injection depth. 

When using a microcannula, the authors suggest first
making a stab incision with a needle that is 1 to 2 gauges
thicker than the cannula. The cannula should then be
inserted while stretching the skin to open the needle
aperture. The cannula should be twisted and rotated until
any resistance has passed. When the cannula is through the
dermis the skin in front of the cannula should be pinched in
order to go deeper, or the skin should be stretched in the
direction of the cannula for superficial injections (one finger
in front and one finger behind the cannula).

Figure 1. Frontal concavity.
The danger point 
(supraorbital foramen) is
marked and should be
avoided as there is a
direct access to the 
intraorbital area.38 The
cannula entry point is
chosen at the temporal
crest, lateral to the frontal
concavity. The cannula is
advanced through the
muscle, through the galea
aponeurotica and
advanced in the glide
plane between the galea
and the periosteum of the
frontal bone. Radiesse is
deposited in retrograde
linear threads.
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DILUTION

The FDA has approved a protocol for mixing Radiesse
with lidocaine. This makes the experience more pleasant
for patients, which will keep them motivated to return for
additional treatments. In addition, the treatment site is
anesthetized as the injection process progresses, which
eliminates distortion of the treatment site from local
anesthetic. 

An additional benefit of the mixing protocol is that CaHA
with 0.3% lidocaine is easier to extrude from the needle than
CaHA alone. A rheometric study of several hyaluronic acid
(HA) fillers and Radiesse found that Radiesse alone had the
highest G' and viscosity, followed by Radiesse diluted with
0.3% lidocaine, Perlane® (Galderma) and Restylane®

(Galderma) in the medium group, and the Juvederm®

(Allergan) product family in the low G' and viscosity group.12

When mixing with lidocaine, the viscoelastic properties of the
gel change, at least temporarily, for any dermal filler.
Sundaram et al12 showed that when mixing with 20% by
volume lidocaine (as per the FDA-approval study18), the
viscosity and elasticity of Radiesse are slightly reduced. It is
therefore important to refer to the FDA-approved protocol
for mixing Radiesse and lidocaine as this represents the
optimal protocol for preserving the viscoelastic properties of
the product.

The addition of lidocaine adjusts the cohesiveness of
CaHA to make it suitable as a layering rather than volumizing

filler while also allowing the use of smaller needles. Some
expert injectors use different volumes and dilutions of CaHA
to perform distinct roles when augmenting the face. For
example, undiluted CaHA may be injected at a deep level just
above the periosteum to replenish volume loss, a slightly
diluted CaHA may be used to restore contours and
proportions at the subcutaneous level, and an even more
diluted version may be injected into the dermis and
subdermis to reduce skin laxity and provide the patient with
a smoother, more radiant complexion. The above can also be
performed as individual treatments, depending on the
patient’s needs and desires. Some injectors use lidocaine for
the initial dilution to reduce discomfort with further dilutions
achieved by adding normal saline solution. A common choice
of many injectors is to use lidocaine premixed with
adrenaline. The advantage of this approach is that the
vasoconstriction triggered by adrenalin reduces post-
treatment edema.

It should be noted that while dilution of CaHA is a method
of titrating its viscosity and expanding its use to applications
that require more superficial placement and greater product
spread (e.g., fine lines, dorsum of the hand), the technique is
not approved for this purpose and its use in this manner must
therefore be regarded as off-label.

SAFETY
Radiesse has been extensively used for the correction of

Figure 2. Sunken temples. The danger zone is marked in red: Intravascular injection into the superficial temporal artery should be
avoided while injecting with a needle. At the point of maximum depression, the needle is placed perpendicular to the skin and
advanced slowly until contact with the periosteum is felt. Slow injection of small amounts of Radiesse will maximize safety. There is
evidence of small arteries running over the periosteum so there is a theoretical risk of intra-arterial injection. Slow injection reduces
the risk of retrograde displacement and embolization of intraorbital (including retinal) arteries. Low volume injection minimizes
necrotic area. Due to supraperiosteal placement, the temporal muscle, which is connected by loose connective tissue, is 
hydrodissected from the periosteum.
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moderate-to-severe facial lines and folds and to replenish lost
volume. The Radiesse CaHA microspheres are smooth in
shape and identical in composition to a mineral component of
human bone and teeth and are thus inert and nonantigenic.
In the pivotal clinical trials that led to FDA approval of
Radiesse for aesthetic correction, adverse events were
generally mild (bruising, edema, erythema, pain, and
pruritis) and short in duration.13,14 In the trial comparing
Radiesse- and collagen-treated patients, there was no
significant difference in adverse event rates or duration.13

There have been no reports of granuloma formation in
studies injecting Radiesse for aesthetic use.9,16,25−28 Rare
incidences of untoward foreign body reactions with CaHA
have been described in only a handful of case reports in over
10 years of clinical use29−31 and in none of these cases could

any definite conclusions be drawn as to whether the events
were related to Radiesse or other circumstances (i.e.,
treatment with other, permanent fillers in the past, improper
tissue placement, medical history, etc.).32,33 Indeed, the
literature frequently describes case reports of dermal filler
complications without adequate proof that the alleged
material was actually injected.34 Adverse events that do occur
with CaHA are usually temporary and injection-related (e.g.,
bruising and edema). As with all dermal fillers, most adverse
events are avoidable with proper planning and technique.

DISCUSSION
Radiesse is a very effective agent for many areas of facial

soft tissue augmentation and is associated with a high and
well-established safety profile.32 It is currently the only

Figure 4. Zygomatic area. The danger zone (infra-orbital foramen) is marked in yellow and the marking at the infra-orbital rim serves
as a reminder of the cranial limit of this area. For the augmentation of the cheek, a two-point cannula technique is advised. As a 
general rule of thumb, the injections cranial to the alar-tragal line should be placed at the supraperiosteal level, whereas the injections
below this line should be placed at the level of the dermal-subdermal junction. The first entry point is found between the superior and
inferior demarcation of the zygomatic arch, immediately in front of the hair line. From this point, a vector line can be drawn to the oral
commissure. At the intersection of the vector line and the alar-tragal line, the second entry point can be found. Left: Before with mark-
ings; middle: Before; right: After 1.5mL Radiesse in the cheeks.

Figure 3. Brow lift. The danger zone (supra orbital foramen) is marked in red. The entrance for the cannula is chosen at the tail of the
brow. A multi-level approach is used with one or two retrograde linear threads at the dermal-subdermal junction and two additional 
retrograde linear threads at the periosteal plane on the orbital rim. With female patients in particular, care should be taken not to 
overcorrect here to avoid masculinization (max 0.15–0.2mL for the lateral brow).
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resorbable filler on the market that immediately replenishes
lost volume while at the same time stimulating the
production of the skin’s natural collagen for long-lasting
results. Treatment effects have been clinically proven to
last a year or more in many patients. Only one other filler
has been shown to stimulate new collagen formation, but
the polymethylmethacrylate (PMMA) microspheres of
ArteFill® (Suneva Medical) are permanent and not
resorbed. 

The unique characteristics of Radiesse (high elasticity and
viscosity, combined with its ability to induce long-term
collagen formation) provide it with great versatility, and its
use has evolved in parallel with developments in the aesthetic
field from an agent for simple line filling to one that can be
used for a global facial approach. As a result, Radiesse is

appropriate for treating patients at any stage of the aging
process. To date, more than five million syringes have been
shipped for a variety of aesthetic indications. Radiesse is
approved for aesthetic use in more than 50 countries,
including the United States, where the FDA has the most
rigorous criteria for filler approvals worldwide. 

Off-label uses of drugs and devices are commonly
practiced by physicians in consultation with patients in
virtually every area of medicine, and the aesthetic field is no
exception. Furthermore, what constitutes an off-label use in
one country may be an approved indication in another.
Expert injectors continue to expand the potential uses for
Radiesse with additional as yet off-label indications and
techniques for diluting and injecting more superficially.
Most recently, this involves hyperdilution of the product so

Figure 5. Mandibular augmentation. As bone resorption is most apparent at the dorsum of the mandible, at the mandibular angle, the
cannula entry point for mandibular augmentation should be placed at the dorsum of the mandibular angle.22 From there, the cannula
should be advanced at the level of the dermal-subdermal junction to the pre-auricular area, from where a fanning technique can be
used with diluted Radiesse for easier spreading of the product (in this case 0.8mL lidocaine per 1.5mL Radiesse). To enhance 
definition of the mandible, the first and last thread can be made with more volume (e.g., 0.2–0.3mL). Care should be taken to avoid
placing Radiesse into the jowl fat compartment, as this can aggravate the aged appearance. To improve the mandibular area further,
Radiesse can be placed in the marionette lines and mental crease via the pre-jowl sulcus entry point as shown.
Left: Before with markings; middle: Before; right: After 1.5mL Radiesse in the jawline plus marionette lines.

Figure 6. Mentum augmentation. For augmentation of the mentum, a multi-level approach is generally used. In this case, a cannula
was inserted at the pre-jowl sulcus entry point and advanced in both the supraperiosteal layer, as well as the junction between the 
dermis and subcutis. Augmentation was continued until the patient had a good Steiner Line.39 Left: Before with markings; middle:
Before; right: After 1.5mL Radiesse in the mentum.
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that it can be used very superficially for skin tightening
[Yana Alexandrovna Yutskovskaya, unpublished data]. A
further off-label indication involves placing the product
under the hair, below the galea, to correct bone resorption
of the frontal bone and to lift the forehead [Jani van
Loghem, unpublished data]. While off-label procedures such
as these are not approved by regulatory authorities and are
not endorsed by Merz Pharmaceuticals GmbH, in the hands
of expert injectors they can be regarded as innovation in
medicine and will likely lead to new and better treatments
and procedures in the future. 

An important issue, however, is the skillset of individuals
performing the procedures, particularly non-physician
injectors who may also have a limited knowledge of facial
anatomy. Nodule formation can occur after injection of
CaHA into the oral mucosa and the lips.2 The injection of
CaHA in this highly mobile area may cause the CaHA
particles to clump and is not an approved indication nor is
it approved by Merz. The nodules occur soon after injection
and are a result of accumulated particles and not a
granulomatous reaction. They are completely resolved with
injection of saline and vigorous massage35 or with the use of
fractional carbon dioxide laser therapy.36 Special care
should be taken to avoid injection of any filler into a blood
vessel. This may occlude the vessel and could cause
infarction or embolism leading to ischemia, necrosis, or
scarring. Although rare, cases have been reported with a
number of dermal fillers including CaHA.37 They are all
related to poor injection technique and not filler product. 

Physician experience is essential for satisfied patients,
and is being addressed by leading pharmaceutical
companies in the aesthetic field (e.g., by the unique
service of Field Clinical Specialists offered by Merz
Pharmaceuticals GmbH). These are medical professionals
who conduct intensive individual training of aesthetic
physicians to ensure best practice in the aesthetic
industry and best outcomes for patients. Radiesse has
emerged as a versatile, durable, and safe filler. It has an
excellent volumizing effect for a variety of aesthetic
indications, and its use is only anticipated to grow as more
clinicians and patients gain first-hand experience with it.
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