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Abstract
It is becoming widely accepted that volume changes in the skin and soft tissue contribute greatly to age-related  facial
reshaping. A significant contribution to these volume changes is the loss of craniofacial skeletal support to the over-
lying soft tissue. Gravity, once considered the major culprit in facial aging, is now recognized to determine the
 direction, rather than the extent, of tissue deflation. Although the sequence of events observed in aging is some-
what predictable, its pace among individuals is variable and may be influenced by both intrinsic (eg, gender, genetics)
and extrinsic (eg, photoaging, smoking, stress) factors. Changes in different tissue layers within a single individual
do not occur independently, but interdependently; changes in one tissue within an individual may influence sub-
sequent changes in other tissues. Midfacial soft tissue descent has been observed in response to decreased cranio-
facial support in both congenital craniofacial hypoplasia and following trauma, leading to a hypothesis that the loss
of underlying bony support for any reason, including aging, leads to soft tissue descent in the face. As craniofacial
support (the “table”) decreases, it leaves less surface area for the outer soft tissue envelope (the “tablecloth”) caus-
ing it to fold or sag. Replacing this deep support with craniofacial implants has been shown to reposition the over-
lying soft tissue. Following a brief review of the current literature on aging changes in the skin, soft tissue, and bone;
the authors describe their experience with the use of poly-L-lactic acid (PLLA), both as a soft tissue volumizer and
as an injectable craniofacial implant in a supraperiosteal location to address both soft tissue volume loss and loss of
craniofacial support. In the cases presented, the most striking result noted was the ability to restore a youthful pro-
portion to the perioral area, which had not been achieved previously with soft tissue treatment alone.

Introduction
Facial beauty and attractiveness are important cross-cultural
social concepts as they tend to dictate how individuals are
judged and treated.1 Research has shown that facial beauty
is perceived and processed rapidly by the brain and this per-
ception biases subsequent cognitive processes.2 A recent
 extensive review of research on facial beauty determined
that 4 characteristics emerge as the most important deter-
minants of attractiveness: averageness (prototypicality),
 sexual dimorphism, youthfulness, and symmetry.3

As the population continues to age and cosmetic procedures
gain more acceptance, adults from all age groups and
 socioeconomic backgrounds are seeking cosmetic improve-
ment. The majority of patients seeking cosmetic treatment
are females 35 to 50 years old; however, the demand is in-
creasing in both older and younger patients, as well as in men.
The demand for cosmetic procedures in patients aged 51 to
65 years has doubled in the last 5 years.4 In December 2006,
the Harris Group conducted a survey commissioned by the
American Society of Plastic Surgeons. They interviewed
800 American women who reported that they were at least
somewhat likely to have a medical antiaging treatment in the
next 2 years. Results showed that the respondents clearly
chose an injectable treatment over surgery and wanted a nat-
ural-looking and refreshed appearance with a reasonable du-
ration that made them look about 10 years younger. These

results are reflected in recent statistics by the American So-
ciety for Aesthetic Plastic Surgery, which show that 83% of
the 11.5 million rejuvenation procedures performed in 2006
were nonsurgical, with botulinum toxin and fillers leading
the list.4

The current understanding that volume loss contributes
much to the appearance of the face as we age in combination
with the advent of newer products and techniques has dra-
matically increased the ability to address these changes out-
side of the operating room. Volume replacement, although
not a substitute for conventional surgery, may delay or en-
hance cosmetic surgical procedures. In addition, as under-
standing the location of volume loss and optimal targets for
replacement improves, so do results.

This article briefly reviews some of the newer literature con-
cerning structural changes in different facial tissue layers in-
cluding skin, fat, muscle, and bone. Next, the authors present
a short discussion of the morphologic manifestations seen fol-
lowing these changes, including alterations in contours and
topography of the face and changes in facial proportions as-
sociated with aging. Several case studies will illustrate the ef-
fects of treatments with poly-L-lactic acid (PLLA) injected
into the soft tissue and in a supraperiosteal location to restore
both youthful contours and proportions (specifically in the
perioral region) to the aging face.
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Volume Loss and Structural Changes 
in Multiple Tissue Layers
Skin
The skin thins with age, with the overall skin thickness
 decreasing significantly in a linear fashion after age 20.5 It is
thought that reduced collagen in the dermis is responsible for
the gradual loss in thickness, as collagen is the major deter-
minant of skin thickness.6 In addition, a loss of the organiza-
tion of elastic fibers occurs. Other histologic changes include
flattening of the rete pegs with subsequent effacement of the
 dermal-epidermal junction.7 The epidermal architecture
 becomes progressively chaotic and the dermal vasculature di-
lates. Clinically, the skin subsequently appears thinner, drier,
and less elastic, and begins to wrinkle and sag. These textural
changes are accompanied by color changes as areas of
 hypopigmentation, hyperpigmentation, and visible vessels ap-
pear. The addition of extrinsic factors such as solar radiation,
and perhaps smoking, greatly exacerbate these changes.7

The result of these changes is an outer skin envelope of the face
that is less able to completely accommodate any underlying
volume loss or shift, thus causing the skin to fold or sag. Con-
sider a newly inflated balloon—if it is deflated quickly, it
 reassumes almost its original size; however, if it is deflated very
slowly over time, it will not. Indeed, in faces with minimal un-
derlying volume loss and shift, simply tightening the skin
alone (via surgical lift, a deep peel, or a laser or  light-tightening
device) improves the overall appearance. Retinoids and sun-
screens have traditionally been the biggest defense against
many extrinsic insults, and effective topicals such as antioxi-
dants and DNA repair creams add to this armamentarium.
New and innovative treatments are constantly evolving.8

Other authors have noted a perceived improvement in skin

texture and tone following the use of both fat augmentation
(believed to be secondary to stem cells present in fat)9 and
 biostimulatory agents (believed to be secondary to increased
collagen production).10

Fat
The youthful face has an ample amount of volume evenly dis-
tributed, which displays a smooth transition from one area to
another and confers a well-rounded 3-D topography delin-
eated by a series of arcs and convexities.11 Viewed frontally,
the primary arc of the jaw line, convexities of the temples,
and the smaller secondary arcs of the lips are evident.11 In
profile, the lateral cheek projection (the ogee curve) ex-
tending as an unbroken convex line from the lower eyelid to
the cheek, the arc of the jaw line, and the arc of the forehead
are the most definitive features of youth.12

Facial aging is associated with the loss of soft tissue fullness in
the periorbital, forehead, glabellar, temporal, malar and buc-
cal cheek perioral areas, and accumulation of fat in the infra-
orbital fat pouches, nasolabial and labiomental folds, jowls, and
submental areas. In addition to the redistribution of facial fat
and concomitant loss of surrounding fullness, the fat pockets
become more discernible as separate entities, as do many of the
underlying facial structures (ie, submaxillary glands and the
bony protuberances).11,13 Malar fat seems to slide forward and
down to bulge against the nasolabial crease, and preauricular
and buccal fat seem to slide forward and down to create a jowl,
disrupting the defining arcs and convexities of youth. This fat
appears to accumulate around the peripheral insertion of the
orbicularis oris muscle into the overlying skin.

Rohrich and Pessa recently examined the anatomy of sub-
cutaneous fat in hemifacial dissections of 30 cadavers of
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Figure 1. Injection of methylene blue dye into the forehead results in a specific and reproducible pattern of staining of facial fat, demon-
strating that facial fat is partitioned in discrete compartments. Adapted with permission from Rohrich RJ, Pessa J. Plast Reconstr Surg.
2007;119(7):2219-2227.14
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men and women aged 47 to 92 years.14 Subcutaneous injec-
tion of methylene blue dye resulted in sequestering of the dye
in specific areas, demonstrating that subcutaneous fat is par-
titioned in discrete compartments (Figure 1).14 The authors
added that each of these compartments can age independ-
ently, and a malpositioning of one compartment may lead to
a cascade of changes in others. For example, the loss of vol-
ume in the deep midfacial fat would decrease support for the
medial cheek compartment, resulting in a diminished mid-
face projection and an unmasking of the nasolabial fold and
malar mound. The resulting negative vector would then
allow excess traction to be placed on the lower eyelid, lead-
ing to scleral show.14 To support this theory, they note that
medial cheek elevation improves a prolonged “snap test,” a
rapid return to baseline of lower eyelid skin after pinching,

which may indicate that lid laxity itself may play a minimal
role in what is encountered clinically. Subcutaneous fat mal-
position and atrophy simply place downward traction on
the lower lid and distort its position.14 The interdepend-
ency of age-related changes to specific facial features, such as
these changes in fat and skin laxity, were also described by
Goldberg et al in their study of 114 consecutive cases of “eye-
lid bags.”15 Just as volume loss may lead to undesirable
changes elsewhere, the replacement of volume in one area
may possibly lead to desirable changes in another area. 

Muscle
For many years, the prevailing theory attributed to facial
aging was the relaxation of muscles, and procedures were
suggested to shorten or tighten them (eg, orbicularis oculi and
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Figure 2. CT scan of a young (left) and old (right) female subject showing age-related decreases in mean angular measurements of the
glabellar, pyriform, and maxillary angles. Also note the reduction in maxillary and mandibular height. Reprinted with permission from
Shaw RB Jr, Kahn D. Plast Reconstr Surg. 2007;119:675-681.24
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zygomatic muscles) in order to rejuvenate the face.9,16 One
flaw in this theory has been its inability to account for the fact
that facial nerve paralysis results in a softening of the na-
solabial, glabellar, periorbital, and labiomandibular creases.
The theory is also being questioned because botulinum toxin
improves the appearance of wrinkles and platysmal bands by
increasing, not decreasing, their laxity.9 One recent study
utilizing magnetic resonance imaging (MRI) found no dif-
ference in overall muscular thickness, length, or volume be-
tween subjects aged >59 years and those aged between 16 and
30 years.17 Le Louarn and colleagues used MRI to examine
contrasts in the contour of facial muscles and the associated
deep and superficial fat pads in persons of different ages,18 and
they believe the arcs and convexities of the youthful face are
secondary to both fat and muscle (ie, the position of the fat
determines the shape and subsequent action of the muscle).
Results from their MRI data show that the facial mimetic mus-
cles in youth have a curvilinear contour, and thus present an
anterior surface convexity, due to the presence of underlying
deep fat pads. The authors theorize that this shape dictates
both the direction and amplitude of muscle contractions
characteristic of youthful facial expression.18 With age, these
muscles, as seen in MRI, gradually straighten and shorten.
The authors suggest that repeated muscle contractions in the
face might over time expel fat from these deep compart-
ments below muscle to compartments overlaying muscle tis-
sue, which in turn leads to a straightening and shortening of
the muscle along with an increase in its resting tone with
aging.18 These conclusions are also consistent with the gen-
eral concept that changes in individual tissues are interde-
pendent; the alteration of one type of tissue—such as skin,
muscle, or fat—contributes to changes in other tissues and
leads to changes in an individual’s overall facial appearance
as he or she ages.

Bone
Much of the available data on craniofacial aging has been pub-
lished in the forensic literature.19,20 An extensive, up-to-date
review of the literature on the aging adult skull and face, in-
cluding major contributions of the last 20 years, was recently
published by Albert et al of the Departments of Anthropology
and Computer Science at the University of North Carolina.21

The authors conclude that although there are particular bio-
logic or environmental factors that can expedite or delay the
aging process, there are indeed, “certain noticeable, agreed
upon skeletal and soft tissue age-related changes in the shape,
size, and configuration of individuals over the course of the
adult lifespan.”21 Doual et al found in their study with subjects
ranging in age from 21 to 101 years that the most profound
bony age-related morphologic modifications in the appearance
of the head, face, and neck become evident around 50 years
of age in both genders.22 Women exhibited greater changes and
the authors suggest this is due to the effects of menopause,
 although they offer no further explanation. In their review ar-
ticle, Kloss and Gassner theorized that this may be explained
by a rapid decrease in bone mass, which ensues during the first
decade of menopause and places women at greater risk of
bone loss, including mandibular and maxillary bone loss.23 The
authors note that aging of the craniofacial skeleton may be due

to a change in the relative dynamics of bone expansion and
bone resorption.23 These changes are greatly accelerated fol-
lowing tooth loss and can be devastating in elderly, edentulous
patients. Oral and intravenous bisphosphonate therapy (which
alters osteoclast function to prevent bone loss), and newer
 biologic drugs such as recombinant human parathyroid
 hormone (which stimulates osteoblastogenesis and inhibits
 osteoblast apoptosis) are currently available treatment op-
tions for osteoporosis. Additional definitive literature could not
be found on the changes osteoporosis treatments may have on
craniofacial bone.

The changes in craniofacial skeleton volume are profound.
Shaw et al used computed tomography (CT) scans to look at
the facial bone of 60 patients (30 women, 30 men) in each of
3 age categories (young: 25 to 44 years; middle: 45 to 64 years;
and old: ≥65 years), concluding that the bony elements of the
face change dramatically with age (Figure 2).24 The glabellar
angle in both male and female subjects showed a significant
decrease with increasing age, and there was a significant or-
bital expansion noted superiomedially and inferiolaterally.
The aging maxilla and mandible showed striking volume
changes and the pyriform aperture was noted to enlarge sig-
nificantly from the young to middle-aged group in both
sexes.24 These findings corroborate with those of Pessa et al,
whose work during the past decade has also implicated bony
remodeling as a key factor in the pathogenesis of facial aging.25

Using CT imaging and 3-D stereolithography, Pessa et al
demonstrated a posterior-inferior rotation of the facial skele-
ton toward the cranial base with the progression of age, as was
first theorized by Lambros.25 This can be conceptualized as a
slight clockwise rotation of the maxilla with the face in pro-
file. This maxillary retrusion is thought to further undermine
midfacial support and projection, including those of the in-
ferior orbital rim, and contribute to malposition of the lower
eyelid resulting in lateral bowing and scleral show. As men-
tioned above, Goldberg et al have also implicated decreased
midfacial support in the pathogenesis of eyelid bags.15 Levine
et al argued that the maxillary wall moves counter-clockwise
(anteriorly) with age, based on results of longitudinal cephalo-
metric analysis of midface changes in subjects up to 83 years
of age.26 These authors argue that a clockwise rotation would
lead to compression of the upper airway and sleep apnea. Re-
sults from more recent studies by Mendelson et al, however,
also indicate retrusion of the maxillary wall with aging.27

While this debate will be resolved with time, what is certain
now is that craniofacial remodeling results in a profound loss
of underlying surface support for overlying soft tissue. 

Craniofacial Aging and Perioral Proportions
In a retrospective analysis of CT data, Pessa and colleagues
examined the ratio of the oblique height of the medial orbit
to the height of the medial maxilla in infants (age 1-12
months; n=5), youthful subjects (age 15-24 years; n=13), and
older subjects (age 53-76 years; n=12).28 Results showed that
this ratio increases from an average of 0.48 in infants to 0.78
in young adults and subsequently decreases significantly to
0.68 in older individuals (P<.0001 between all 3 groups) (Fig-
ure 3). The investigators also theorized that if the older
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group were followed longer, the ratio would likely continue
to approach the ratio of 0.48 observed in the infant group.28

The authors note that this shift of skeletal proportions in the
midface following early adulthood leads to a decrease of the
available space for facial soft tissue support in older individ-
uals, and, as a result, soft tissues in this region may reposition
in an accordion-like manner, referred to as a “concertina” ef-
fect.28 The concertina effect may explain in part why infants
look somewhat like aged persons in the soft contours of the
midface. Like aged persons, infants have prominent na-
solabial and nasojugal folds and creases as well as soft tissue
positioned lower in the midface (jowls). In addition to these
similarities in soft tissue position, there is also a striking
similarity in the ratio of the upper lip to the chin (1:1) in the
aged and infant face. This is in contrast to the 1/3:2/3 ratio
seen in the young face (Figure 3). It was precisely these
changes in the perioral proportions of the aging face, seem-
ingly due to bone loss with soft tissue repositioning, that
prompted the examination as to whether this ratio could be
improved with bony augmentation, specifically, bony aug-
mentation with an injectable agent. 

Facial Balance, Proportions, and Symmetry
Balance and proportions of the face have been measured over
time in almost every conceivable way3; however, some sim-
ple measurements that are well-accepted standards (Figure 4)
allow us to compare changes in these areas between young
and aged faces.29 As the face ages, one can see predictable
changes in its proportions. Looking at the face in vertical
fifths and horizontal thirds, we see the change from the so-

called “triangle of youth” to the “pyramid of age” as the
forehead narrows (due to temporal atrophy) and elongates
(due to loss of underlying support, causing the brows to
droop as the hairline recedes), and as the lower face widens
(as jowls form) and shortens (as bone is remodeled in the
maxilla and mandible). Focusing on the perioral region, the
young face shows a 1/3:2/3 ratio of upper lip to chin, the so-
called “golden mean.”30,31 With age, this ratio approaches 1:1.
This perioral ratio change is clearly illustrated in Figure 5.
Both the male and female patients illustrated here are from
the third, fifth, and seventh decade of life. The male patients
all have severe disease related lipoatrophy, allowing for com-
parison with the nonlipoatrophic female patients.

Finally, most faces exhibit some bilateral asymmetry, which
may reflect a developmental instability, accounting for its im-
portance in the assessment of attractiveness.7 Mild asymme-
try is easily addressed with fillers and botulinum toxin. Higher
degrees of asymmetry may be only partially corrected with
these measures. This may be, in part, because the volume loss
in more severe cases involves both soft tissue and bone.

Supraperiosteal PLLA for Perioral Rejuvenation
Volume loss, contours, and midface projection and propor-
tions have been addressed successfully with both soft tissue
augmentation and bony implants.9,32,33 Treatment of soft tis-
sue alone does not effectively address the perioral ratio
change seen with aging (Figure 6). Surgical procedures re-
moving tissue at either the superior or inferior pole of the cu-
taneous upper lip have been used to address this ratio34;
however, many patients find the resultant scars objectionable. 
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Figure 3. The ratio between oblique height of the medial orbit to the height of the medial maxilla increases from infancy to young adult-
hood and then decreases with age. Adapted with permission from Pessa JE, Zadoo VP, Yuan C, et al. Plast Reconstr Surg.1999;103:635-644.28

1-Year-Old: 0.48 20-Year-Old: 0.78 60-Year-Old: 0.68
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The change in perioral proportions in the aging face, perhaps
due to bone loss and soft tissue repositioning, led to specu-
lation as to whether this ratio could be improved with non-
surgical bony augmentation. Several cases of patients
receiving treatment in both the soft tissue and in the suprape-
riosteal area to address volume, contours, and midface de-
scent and projection, as well as proportions of the perioral
region of the face are presented.

Factors in Product Choice
The recent approval of hyaluronic acid derivatives (Resty-
lane®, Perlane®, and Juvéderm®), calcium hydroxylapatite
(Radiesse®), and PLLA (Sculptra®) have enhanced the abil-
ity to provide correction of the volume deficits encountered
with aging. Although all these products have relatively sim-
ilar favorable safety and tolerability profiles, they have very
different modes of operation. Fillers such as hyaluronic acid
may be used in any volume desired in any one session. Bio-
compatible synthetic agents such as calcium hydroxylap-
atite and PLLA may require multiple sessions. With
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Figure 4. Horizontal and vertical facial proportions. Adapted with
permission from Azizzadeh B, Murphy M, Johnson CM. In: Mas-
ter Techniques in Facial Rejuvenation. Elsevier, 2007.29

Figure 5. Patients in their 3rd, 5th, and 7th decade of life illustrating volume and proportional changes. The male patients shown have
severe HIV-related facial lipoatrophy allowing visualization of the bony changes without fat accumulation. 
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biocompatible synthetic agents, the amount of product used
at any one session is determined by the surface area to be
treated per session. Total volumetric correction is deter-
mined by the number of treatments. With multiple treat-
ments, these agents can replace the same significant volume
loss as fat augmentation. The hyaluronic acids and calcium
hydroxylapatite in a gel carrier are characterized by stiffness
and structure, and are more akin to bulking agents.35 Poly-L-
lactic acid has a very low viscosity and is used as a layering
agent.33,36 It should be noted that vascular compromise with
bulking agents (ie, hyaluronic acid) in the distribution of the
angular artery has been reported (Figure 7).37 Although
hyaluronidase has been used successfully to dissolve
hyaluronic acid products, no similar treatment is available
should an ischemic event occur with a calcium hydroxylap-
atite product. In addition, reflux prior to injection (to pre-
vent intravascular injection) is technically difficult with
calcium hydroxylapatite products. The risk of intravascular
PLLA injection in these case studies was avoided by per-
forming a reflux maneuver after insertion of the needle and

prior to each injection. In addition, PLLA has a low viscos-
ity, which minimized the risk of vascular compromise from
swelling and compression when used in areas with poor col-
lateral flow, such as around the pyriform aperture.

Case Studies
A total of 4 cases are presented with patients ranging in age
from 37 to 61 years. All patients show varying degrees of
changes in individual tissue layers resulting in an overall ap-
pearance of global volume loss. While the changes in all
patients follow a predictable pattern, the degree of change is
variable between individuals as is the degree of change be-
tween different tissue layers in a single individual. All
patients show some loss of thickness and elasticity in the skin,
affecting its ability to fully accommodate the volume loss in
underlying tissues. Each case study shows some degree of fat
loss and a repositioning of the youthful arcs and convexities
that reflect light to flattened or even concave areas, result-
ing in interrupted light and intervening shadows. All cases
show varying degrees of skeletal remodeling, resulting in de-
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Figure 6. Soft tissue treatment addresses contour deficiencies, but not perioral proportions. 

Figure 7. Vascular compromise noted 6 hours after injection of hyaluronic acid successfully treated with hyaluronidase. Reprinted with
permission from Hirsch RJ, Cohen JL, Carruthers JD. J Derm Surg. 2007;33:357-360.37
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creased surface area of bony support for overlying soft tissue.
The descent of soft tissue results in eye bags, nasolabial folds,
and jowls, interrupting the smooth transition from one area
to another that defines youthful topography. The patients
represent varying stages of transition from the triangle of
youth (see Figure 4; a width of “5 eyes across” at the temples,
with a tapering to a longer and narrower lower face), to the
pyramid of age (with a narrowing of the upper third of the
face to less than 5 eyes across accompanied by a shortening
and widening of the lower third of the face as bone remod-
els and fat accumulates along the jaw, disrupting the smooth
arc of the youthful jawline). Skeletal loss adjacent to fat ac-
cumulation (canine fossa/nasolabial fold, prejowl mandibu-
lar loss/jowl) alter the facial surface; smooth transitions now
become well defined, and the youthful perioral lip:chin ratio
of 1/3:2/3 approaches 1:1.

Four patients (Figures 8 to 11) were treated using PLLA38 di-
luted with 5 cc of sterile water for injection and left to hy-
drate overnight. In addition, 1 to 2 cc of 1% lidocaine
without epinephrine was added immediately prior to injec-
tion. Treatments were administered with a 26-guige needle
and 3-cc syringe. It should be noted that this reconstitution
procedure differs slightly from the manufacturer’s recom-
mended dilution of PLLA (3 to 5 mL sterile water for injec-
tion, allowed to stand for at least 2 hours, and then agitated
prior to use).38 In addition, the supraperiosteal injections per-
formed also lie outside the manufacturer’s recommendation
of injecting PLLA into the deep dermis or subcutaneous
layers.38

The patients received soft tissue injections of PLLA into the
midface deep dermal/subcutaneous plane, both superior and
inferior to the malar fat, and in the mental crease and lateral
chin (between the depressor anguli oris and the mentalis
muscle) to revolumize soft tissue. Provocation of tissue weak-
ness in these areas helped direct placement. The amount of
product used at any one session was based on the surface area
to be treated. Final volumetric correction was addressed by
increasing the number of sessions and not by increasing the
amount of product per session. 

Supraperiosteal injections in the maxillary area were placed
around the medial aspect of the zygoma, around the pyriform
aperture, and in the canine fossa, roughly simulating the area
covered by the porous ethylene implants pictured in Figure
12. Likewise, the supraperiosteal mandibular injections were
placed over the bone in an area similar to that pictured in the
same figure, in an effort to replace the volume lost as the an-
terior mandible shortens and flattens, and the anterior
mandibular ridge is effaced. 

Through this combined approach, an improvement was ob-
served in both the volume and position of soft tissue and in
the proportions of the face, in particular, in the perioral
area. Note that in all cases the cutaneous portion of the upper
lip appears shortened and more convex and the nasal tip is
elevated. Although none of these patients received filler in
the lips, all display some degree of improvement in this area
(from flatter and wider to shorter and more convex) with
slightly more mucosal show. In addition, all showed a length-
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Figure 8. 37-year-old woman: a) no previous dermal filler treatments; b) PLLA 2 vials per treatment; 3 treatments/4-week intervals.

a. b.
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Figure 10. 50-year-old woman: a) no previous treatments; b) PLLA 2 vials per treatment; 2 treatments/4-week intervals. 

Figure 9. 46-year-old woman: a) no previous treatments; b) PLLA 2 vials per treatment; 3 treatments/4-week intervals.

a. b.

a. b.
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ening of their chin after treatment. In concert, these changes
contribute to a restoration in the perioral ratio of the lower
third of the face toward the 1/3:2/3 ratio of youth. All
patients showed improvement in eyelid bags (presumably sec-
ondary to an increase in midfacial support) and bilateral
symmetry, most notable in case 4 (Figure 11). All noted a
subjective improvement in the quality of their skin. 

Photographs were taken 6 to 12 months after each patient’s
final treatment. Although all cases showed some improve-
ment in temporal volume, upon further review, we noted the
patients would have most likely benefited from an increased
treatment in the temporal region to more closely approxi-
mate the youthful width of 5 eyes across in this area. 

Discussion and Conclusion
It is by now a well-accepted and agreed-upon fact that mas-
tery of volume replacement is essential to the practice of fa-
cial rejuvenation. Learning more about where and how that
volume is lost, and where to best replace it, will enhance our
ability to obtain natural-looking results. Treatment of the pe-
rioral area is challenging. This article presents the experi-
ences with a novel, long-lasting injectable device used to
replace volume loss both in soft tissue and over bone to im-
prove facial contours and proportions. 

Although a unique use of PLLA for facial aging is described
in this article, the use of the device for volume restoration is
not new.39 Poly-L-lactic acid is a biodegradable, biocompat-
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Figure 11. 61-year-old woman: a) no previous treatments; b) PLLA 2 vials per treatment; 4 treatments/4-week intervals. 

Figure 12. Changes to the facial contours of a 24-year-old male patient following implantation of porous polyethylene. Reprinted with
permission from Yaremchuk MJ. Plast Reconstr Surg. 2003;111:1818-1827.32

a. b.
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ible, immunologically inert, synthetic polymer device derived
from the alpha hydroxy acid family that has been shown to
be effective for correcting volume deficits since 1999.33,36,40-42

Early studies using PLLA to treat HIV-related facial lipoat-
rophy reported the occurrence of papules and nodules rang-
ing from 13% to 52% of subjects,43,44 but frequency has
diminished dramatically with experience. The occurrence of
nodules and papules is a possibility with all agents, such as the
hyaluronic acid derivatives, collagen, and even autologous
fat.45 Experience with PLLA has helped determine proper di-
lution, hydration time, and placement, as well as the fact that
posttreatment massage and sufficient time between treat-
ments are important to ensure optimal outcomes with a bio-
compatible synthetic agent. The most common adverse
events with the use of dermal fillers, regardless of class, are
related to the injection site and include bruising, swelling,
and pain.43,44,46,47 In addition to this information, it is im-
portant to receive proper training in the technique prior to
treating patients. 

As demonstrated in these cases, the use of PLLA in a suprape-
riosteal location as an injectable implant restored a youthful
perioral ratio in patients, providing a very natural-looking
and desirable result. This proportional change had not been
achieved previously with soft tissue augmentation alone.
Although effective for filling wrinkles and restoring lost vol-
ume, the hyaluronic acids and calcium hydroxylapatite are
less suitable for the purpose of restoring skeletal structure de-
scribed here due to their bulky nature. Although not cur-
rently recommended by the manufacturer for use in skeletal
restoration, PLLA has a viscosity that permits supraperiosteal
injections which can restore the lost skeletal structure that
accompanies age without the potential for vascular compro-
mise. Further research will ultimately be the arbiter of the sig-
nificance of skeletal remodeling in the deflation of the face
with age and provide additional clues as to how best to restore
youthful features to the aging face. 
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