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BACKGROUND Skin laxity of the upper knee and lower thigh is a common complaint among patients.

OBJECTIVE This is a randomized, double-blinded, split-body, placebo-controlled study to evaluate the safety
and efficacy of poly-L-lactic acid (PLLA) for treatment of upper knee skin laxity.

MATERIALS AND METHODS Twenty female subjects between the ages of 30 and 65 years with upper knee
laxity were enrolled. The patients were randomized to receive 3 treatments of PLLA in 1 knee, whereas the
other knee received 3 treatments of bacteriostatic water.

RESULTS Statistically significant improvement as rated on the physician global aesthetic improvement scale
was seen at Day 56 after final treatment in the active knee when compared with the placebo knee. This
improvement was sustained at Day 84 and Day 168 after final treatment visits. No statistically significant
difference was seen between the active and placebo knees on the subject global aesthetic score or the subject
satisfaction scale.

CONCLUSION Based on our study, PLLA may be a safe and effective modality in addressing upper knee skin
laxity. Larger studies with longer follow-up times and a validated knee laxity scale are needed to further
determine if and how much improvement can be achieved.
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Skin laxity of the upper knee and anterior thigh
is a common complaint among patients. Safe

and effective treatment options for upper knee
laxity are scarce. Microfocused ultrasound with
visualization has recently been shown to be
effective for reducing skin laxity and crepiness of
the knee but requires capital equipment.
Microfocused ultrasound has shown to induce
lifting and tightening by thermocoagulation of old
collagen and stimulation of new collagen
production.1

Because poly-L-lactic acid (PLLA; Sculptra Aesthethic;
Galderma Laboratories, Fort Worth, TX) stimulates
neocollagenesis, it is possible it may be beneficial in the
treatment of lax skin of the knee. Poly-L-lactic acid is
an injectable implant containing microparticles of
PLLA, carboxymethylcellulose, and nonpyrogenic
mannitol. It is currently approved by the FDA for the
correction of shallow to deep nasolabial fold contour
deficiencies and other facial wrinkles in immune-
competent patients and for facial lipoatrophy in
patients with HIV.2 Poly-L-lactic acid microspheres
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Abstract
Introduction: Clinical data on body contouring with injectable poly- L- lactic acid are 
sparsely reported in published literature. This study describes the lead author's clini-
cal experience using injectable poly- L- lactic acid for body contouring in various ana-
tomic locations.
Methods: Twenty consecutive patients undergoing body contouring treatments with 
poly- L- lactic acid were prospectively followed. All treatments were performed at a 
single clinic between February 2017 and February 2019. Treatment details such as 
reconstitution, injection volume and dosage were documented. Treatment response 
was assessed independently by patients and the treating physician. Adverse events 
were recorded.
Results: Twenty patients (85% women) received injectable poly- L- lactic acid for body 
contouring treatments such as buttocks volumization, cellulite and skin quality treat-
ment. In most patients (65%), poly- L- lactic acid was administered to correct postsurgi-
cal soft tissue deformities. Overall, patients had a mean of 5.1 treatment sessions in a 
mean of 1.4 anatomic locations. The most commonly treated anatomic locations were 
buttocks (58% of treatment sessions), thighs (20%) and abdomen (9%). Dosage and in-
jection volume varied between patients depending on anatomic location and desired 
outcome. Most treatment sessions (86%) resulted in improvement of the treated area. 
Adverse events included bruising, oedema, numbness and tenderness. Nodule forma-
tion was recorded for one patient (5%).
Conclusion: According to the lead author's clinical experience, poly- L- lactic acid injec-
tion is well tolerated and can achieve good aesthetic outcomes when used for body 
contouring in appropriate patients. Preliminary data suggest that poly- L- lactic acid 
injection may be a viable nonsurgical technique for correcting postsurgical soft tissue 
deformities.
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1  |  INTRODUC TION

Historically, rejuvenating or improving the aesthetic appearance of 
the face and body has relied upon invasive cosmetic procedures. 
However, recent decades have seen rapid technological advance-
ment and expansive application of nonsurgical aesthetic proce-
dures that are delaying and, in some cases, eliminating the need 
for surgical intervention. As the safety and efficacy of nonsurgical 
modalities have become increasingly reliable and predictable, the 
demand for noninvasive or minimally invasive treatments has sub-
stantially increased.1 To date, available data on injectable aesthetic 
procedures predominantly focus on facial rejuvenation and im-
provement. However, as nonsurgical aesthetic treatments continue 
to procure additional and expanded indications, there is growing 
interest in the use of aesthetic injectables to treat nonfacial regions 
of the body.2

Injectable poly- L- lactic acid (PLLA) is of particular interest, as 
this biostimulatory agent has physiochemical properties that are 
distinct from other common dermal fillers. Injectable PLLA (Sculptra 
Aesthetic, Galderma Laboratories) is a synthetic, biodegradable ma-
terial comprised of PLLA microparticles, carboxymethylcellulose and 
nonpyrogenic mannitol that is indicated for the correction of facial 
wrinkles and nasolabial fold contour deficiencies.3 Following injec-
tion, the PLLA microparticles elicit a mild inflammatory response in 
the host, which causes downstream collagen deposition in the area 
of injection.4 The gradual deposition of neocollagen promotes tis-
sue remodelling and volume restoration, yielding effects that have 
greater longevity compared to replacement fillers such as hyaluronic 
acid fillers.4 In most countries, including the United States, nonfacial 
applications of injectable PLLA are considered off- label and its use for 
treating body contour deficiencies has not been extensively studied in 
clinical trial settings. Most of the published data on body treatments 
with PLLA stem from case series on neck, décolletage, arm and hand 
treatments.5– 8 Two open label studies describe the use of PLLA for 
treating photodamage and rhytids of the décolletage and sagging 
skin.9,10 While these studies report favourable outcomes, research 
and data on the use of PLLA in nonfacial regions are limited. Further 
studies with larger sample size, blinding, control arms and longer du-
ration of follow- up would be valuable.

Herein, the lead author presents his clinical experience with non-
facial applications of injectable PLLA for body contouring, buttocks 
volumization, cellulite and skin quality improvement, and the correc-
tion of postsurgical soft tissue deformities.

2  |  METHODS

The data presented here are based on the lead author's clinical expe-
rience with PLLA injection for nonfacial body contouring. All treat-
ments were performed at a single clinic between February 2017 and 
February 2019, in accordance with routine clinical practice. Patients 
were educated on the risks and benefits of treatment and provided 
informed consent prior to first injection.

2.1  |  Patients

Adult patients seeking nonsurgical body contouring treatments such 
as buttocks volumization, cellulite and skin quality improvement, 
and correction of postsurgical soft tissue deformities were included 
in the study. Of note, all patients included in this study requested 
nonsurgical management of their aesthetic concern(s) and were not 
interested in undergoing surgery. Contraindications included hyper-
sensitivity to any of the components of injectable PLLA and known 
history of or susceptibility to keloid formation or hypertrophic 
scarring.

2.2  |  PLLA Preparation

Each vial of PLLA (Sculptra Aesthetic, Galderma Laboratories) was 
reconstituted with bacteriostatic sterile water for injection (BSWFI). 
A minimum of 2 hours after reconstitution with BSWFI, lidocaine (1– 
2%) with epinephrine was added. Within 1 hour of adding lidocaine 
with epinephrine, the vial was gently agitated, and syringes for injec-
tion were prepared.

Treatment details were documented for each treatment session 
including reconstitution volume, total injection volume and dosage. 
Dosage and total injection volume varied between patients and was 
dependent on anatomic location and the extent of contour defor-
mity. Total injection volume (BSWFI: lidocaine [1– 2%] with epineph-
rine) per vial of PLLA was either 7 mL (5 mL: 2 mL), 10 mL (8 mL: 
2 mL), 10.5 mL (10 mL: 0.5 mL), 14 mL (12 mL: 2 mL) or 15 mL (13 mL: 
2 mL). (Table 1 and Table 2).

For most treatment locations, the total injection volume was ei-
ther 10 mL or 15 mL per vial of PLLA. For volumization treatments, 
a more concentrated formulation (10 mL total injection volume per 
vial of PLLA) was generally used to allow placement of a greater vol-
ume in the target area with less product spread. For cellulite treat-
ments, a more dilute formulation (15 mL total injection volume per 
vial of PLLA) was generally used.

Prior to injection, the treatment area was inspected and verified 
to be free from inflammation and infection. The skin was prepped 
with chlorhexidine- alcohol and treatment was conducted with asep-
tic technique.

2.3  |  PLLA injection technique

Prior to injection of PLLA, needle aspiration was performed to mini-
mize the risk of inadvertent intravascular injection. The reconsti-
tuted PLLA was administered using a slow, low pressure, retrograde 
injection method. The PLLA suspension was deposited with 23- 25G 
1.5 inch sterile needles using deep dermal threading or tunnelling 
grid pattern (cross- hatching) techniques. Volumization treatments 
involved deep dermal or subdermal injection planes, irrespective 
of the anatomic location. Cellulite, stretch marks and skin qual-
ity treatments involved slightly more superficial injections to the 
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TA B L E  1  Specification of treatment sessions with PLLA in 20 patients

Area
No. of patients 
treated

Total no of treatment 
sessionsa 

No. of treatment sessions per 
patient

Days between treatment 
sessionsb 

N n Mean (SD)
Median 
(range) Mean (SD)

Median 
(range)

Buttocks 16 59 3.7 (2.8) 2.5 (1– 11) 69.3 (41.4) 56.0 (29– 168)

Thigh 4 21 5.3 (5.3) 3.0 (2– 13) 53.2 (27.0) 48.1 (27– 90)

Abdomen 3 9 3.0 (2.6) 2.0 (1– 6) 95.6 (7.9) 95.6 (90– 101)

Knee 2 3 1.5 (0.7) 1.5 (1– 2) 47.0 (- - ) 47.0 (47– 47)

Arm 1 2 2.0 (- - ) 2.0 (2– 2) 69.0 (- - ) 69.0 (69– 69)

Hand 1 1 1.0 (- - ) 1.0 (1– 1) - - - - 

Supraumbilical cavity 1 7 7.0 (- - ) 7.0 (7– 7) 51.3 (- - ) 51.3 (51– 51)

- - : not applicable, SD: standard deviation
aLeft and right side counted separately
bPatients with more than one treatment session: buttocks (n = 13), thigh (n = 4), abdomen (n = 2), knee (n = 1), arm (n = 1), hand (n = 0), supra umbilical 
concavity (n = 1)

TA B L E  2  Specification of PLLA treatments and outcomes in 20 patients

Area
Total no.of treatment 
sessionsa 

No. of PLLA vials per 
treatment session

Total injection volumeb 
per vial of PLLA

Treatment sessions assessed as 
improved

n Mean (SD)
Median 
(range) Volumec  n (%)

Yes
n (%)

No
n (%)

UNK
n (%)

OVERALL 102 6.4 (5.7) 6.0 (1– 40) 5 mL
7 mL
10 mL
10.5 mL
14 mL
15 mL

1 (1)
5 (4.9)

43 (42.2)
5 (4.9)
3 (2.9)

45 (44.1)

88 (86.3) 6 (5.9) 8 (7.8)

Buttocks 59 8.6 (6.4) 8.0 (1– 40) 7 mL
10 mL
10.5 mL
14 mL
15 mL

1 (1.7)
22 (37.3)

1 (1.7)
1 (1.7)

34 (57.6)

48 (81.3) 5 (8.5) 6 (10.2)

Thigh 21 4.1 (2.6) 4.0 (1– 9) 10 mL
10.5 mL
14 mL
15 mL

12 (57.1)
3 (14.3)
2 (9.5)
4 (19.0)

21 (100) - - - - 

Abdomen 9 1.6 (0.9) 1.0 (1– 4) 10 mL
15 mL

4 (44.4)
5 (55.6)

7 (77.8) 1 (11.1) 1 (11.1)

Knee 3 5.2 (1.4) 6.0 (4– 6) 10 mL 3 (100.0) 2 (66.7) - - 1 (33.3)

Arm 2 6.0 (0.0) 6.0 (6– 6) 10 mL
10.5 mL

1 (50.0)
1 (50.0)

2 (100) - - - - 

Hand 1 2.0 (- - ) 2.0 (2– 2) 5 mL 1 (100.0) 1 (100) - - - - 

Supraumbilical 
cavity

7 2.6 (0.5) 3.0 (2– 3) 7 mL
10 mL
15 mL

4 (57.1)
1 (14.3)
2 (28.6)

7 (100) - - - - 

- - : not applicable, SD: standard deviation, UNK: unknown
aLeft and right side counted separately
bBacteriostatic sterile water for injection (BSWFI) + lidocaine 1– 2% with epinephrine (LPE)
c7 mL = 5 mL BSWFI + 2 mL LPE;10 mL = 8 mL BSWFI + 2 mL LPE;10.5 mL = 10 mL BSWFI + 0.5 mL LPE;14 mL = 12 mL BSWFI + 2 mL 
LPE;15 mL = 13 mL BSWFI + 2 mL LPE.



4  |    SHRIDHARANI et Al.

mid- to- deep dermis. Care was taken to maintain a sufficient depth 
of injection, avoiding injection to the superficial layers of the dermis. 
Superficial injections can cause a dermal wheal or peau d'orange skin 
changes and may be associated with increased local adverse events 
such as nodules and papules. Target treatment areas were under- 
corrected to allow for an expected gradual restoration of volume 
over several weeks.

2.4  |  Posttreatment care, follow- up and outcomes

After injection, the treated area was massaged to distribute the 
PLLA evenly, and ice- packs were applied to minimize postinjection 
discomfort. Patients were instructed to massage the treated area 
during the first five days following injection; to minimize sun expo-
sure of the treated area; and to avoid UV lamp exposure until any 
swelling and redness had resolved. Follow- up visits were performed 
at an interval of at least 3 weeks.

Adverse events were recorded during each treatment session 
and at follow- up visits. Standard 2- D photography with uniform light-
ing, background and camera (digital single- lens reflex) was employed, 
capturing multiple angles of the target treatment area. Treatment 
outcomes were assessed independently by patients and the treating 
physician via comparison of pre-  and posttreatment photographs taken 
at baseline and after the final treatment session. Improvement was de-
fined as volumization and/or increased visible fullness of the injected 
area. Agreement between patient- reported and physician- reported 
outcome was required for the treatment area to be rated as improved.

3  |  RESULTS

3.1  |  Demographics

Twenty patients with a mean age of 41 years (range 27– 54) and a 
mean body mass index of 22 kg/m2 (range 18– 30) were treated with 
injectable PLLA for body contouring. Most patients were women 
(85%), White (55%) or Hispanic (15%). The majority of patients (80%) 
had undergone previous aesthetic procedures.

3.2  |  Treatments

Twenty patients underwent a total of 102 treatment sessions with 
injectable PLLA for soft tissue body contouring. PLLA injections were 
primarily used for volumization of buttocks as well as cellulite and 
skin quality improvement. Thirteen patients (65%) were treated with 
injectable PLLA to correct soft tissue contour deformities occurring 
as a result of prior aesthetic surgery; 12 patients were treated for 
contour deformity secondary to surgical liposuction, and one patient 
was treated for abdominal wall deformity secondary to abdomino-
plasty surgery. Overall, patients had a mean of 5.1 treatment sessions 
in a mean of 1.4 anatomic locations. The most commonly treated 

anatomic locations were the buttocks (58% of treatment sessions), 
thighs (20% of treatment sessions) and abdomen (9% of treatment 
cycles); 13% of treatment sessions involved other anatomic locations 
including the knees, arms, hands and supra- umbilical region. Dosage 
and total injection volume varied between patients depending on the 
anatomic location and desired outcome. Overall, patients received an 
average of 6.4 vials of PLLA per treatment session. For the most com-
monly treated anatomic locations, the mean number of PLLA vials ad-
ministered per treatment cycle was 8.6 (buttocks), 4.1 (thigh) and 1.6 
(abdomen). Table 1 and Table 2 present an overview of all treatments.

3.3  |  Treatment effect

Most treatment sessions (86%) resulted in improvement of the 
treated area. All treatment sessions that did not result in improve-
ment (6%) were initial treatments. For the remaining 8% of treatment 
sessions, improvement data were not available due to patients being 
lost to follow- up.

Figure 1 and Figure 2 illustrate the injection technique (Figure 1) 
and treatment outcome (Figure 2) for buttocks volumization treat-
ment with PLLA. Figure 3 demonstrates the treatment outcome for 

F I G U R E  1  Injection technique for buttocks augmentation with 
PLLA. Posterior view of the gluteal region illustrating the zone of 
treatment, port sites and injection pattern. White lines indicate the 
boundaries of the gluteal treatment zone. Five port sites (shown 
as red points) are utilized per buttock; port sites are located at the 
upper medial quadrant (1), upper lateral quadrant (2), lower lateral 
quadrant (3), lower medial quadrant (4), and at the axes intersection 
point (5). The cannula is inserted through each port site and 
advanced along the path of the blue arrows in a fan- like manner
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PLLA injections to the abdomen for the correction of postsurgical 
contour deformities.

3.4  |  Safety

3.4.1  |  Solicited adverse events

Solicited injection- site adverse events (AEs) including bruising, 
oedema, numbness and tenderness were collected in 19 patients. All 
19 patients reported incidence of bruising, oedema, tenderness and 

numbness, which resolved within an average period of 4, 3, 3 and 
2 days, respectively. Safety data was not available for one patient 
who was lost to follow- up.

3.4.2  |  Unsolicited adverse events

One patient (5%) reported a nodule of mild severity after initial 
treatment of the left buttocks with one vial of PLLA reconstituted in 
5 mL BSWFI and 2 mL lidocaine (1%) with epinephrine. The nodule 
resolved spontaneously after 38 days.

F I G U R E  2  Case description of buttocks volumization treatment with PLLA. (A) and (B) Pretreatment photographs of a 38 year- old man 
requesting buttocks volumization. The patient underwent six total treatment sessions with injectable PLLA to the buttocks. At the first 
treatment session, four total vials of PLLA were administered (two vials per side, each vial reconstituted with 12 mL BSWFI + 2 mL lidocaine 
[1%] with epinephrine). At subsequent treatment sessions, 4– 6 total vials of PLLA were administered per session (2– 3 vials per side, each 
vial reconstituted in 13 mL BSWFI + 2 mL lidocaine [2%] with epinephrine). The re- treatment interval was approximately 1– 2 months for 
the second to fifth treatments, and approximately 6 months for the sixth treatment. (C) and (D) Posttreatment views taken at first occasion 
of optimal correction with high patient satisfaction, approximately 17 months after the first treatment session and 6 months after the sixth 
PLLA treatment session. Both the patient and treating physician assessed that all treatment sessions resulted in aesthetic improvement of 
the buttocks. The patient experienced solicited adverse events (bruising, oedema, numbness and tenderness) which resolved within 1 week; 
no additional adverse events occurred

(A) (B)

(C) (D)
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4  |  DISCUSSION

As minimally invasive techniques continue to develop and gain in-
creased popularity,11 practitioners should stay well- informed about 
the broad range of procedures available and the efficacy of their 
use. Many widely known nonsurgical modalities that were initially 
developed for aesthetic improvement of the face are being used 
with expanded applicability to treat nonfacial regions of the body. 
While injectable PLLA is currently approved in most countries for 
the correction of facial rhytids and folds, there is increasing interest 

in the use of PLLA for nonfacial body contouring.3 Numerous stud-
ies have described the use of injectable PLLA for facial rejuvenation, 
and several techniques have been introduced to optimize safety and 
improve outcomes. However, studies describing the use of PLLA for 
soft tissue contouring in off- face areas of the body are limited.

PLLA has several benefits over other injectable volumizing agents 
that are currently available. The effects of replacement fillers, such 
collagen and HA- based fillers, are dependent on the space- filling ca-
pacity of the injected material itself. That is, the efficacy of replace-
ment fillers is a function of the substance's ability to directly fill the 

F I G U R E  3  Case description of PLLA injection for the correction of postsurgical contour deformity. (A) and (B) Pretreatment views of 
a 54 year- old woman requesting treatment for abdominal soft tissue contour deformity secondary to previously performed abdominal 
liposuction. The patient underwent six total treatment sessions with injectable PLLA to correct the postsurgical contour deformity. At the 
first treatment session, one total vial of PLLA was administered to the abdomen (0.5 vial per side, reconstituted in 13 mL BSWFI + 2 mL 
lidocaine [2%] with epinephrine). At subsequent treatment sessions, 1– 2 total vials of PLLA were administered per session (reconstituted in 
13 mL BSWFI + 2 mL lidocaine [1– 2%] with epinephrine). The re- treatment interval was approximately 1– 2.5 months for the second to fifth 
treatment sessions, and approximately 10 months for the sixth treatment session. (C) and (D) Posttreatment views taken at first occasion 
of optimal correction with high patient satisfaction, approximately 22 months after the initial treatment session and 5 months after the 
sixth treatment session. Except for the initial treatment session which did not result in visible improvement of the abdomen, all subsequent 
treatment sessions resulted in aesthetic improvement, as assessed by both the patient and treating physician. The patient experienced 
solicited adverse events (bruising, oedema, numbness and tenderness) which resolved within one week; no additional adverse events 
occurred

(A) (B)

(C) (D)
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soft tissue. Injectable PLLA, on the other hand, is a biostimulatory 
agent. Upon injection, the PLLA microparticles induce a subclinical 
inflammatory response and stimulate neocollagen production in the 
extracellular matrix, which results in gradual volumization, improved 
skin texture and increased skin thickness via tissue remodelling.4 
In this way, the cosmetic effects of injectable PLLA are dependent 
on the host response, rather than the space- occupying properties 
of the injected substance. Furthermore, the volume restoration 
achieved with injectable PLLA occurs in a controlled and predictable 
manner, offering results that last for up to 2 years.4

All of the patients included in this study were seeking nonsur-
gical management of their aesthetic concerns and were fundamen-
tally disinterested in undergoing surgery. Notably, a large cohort of 
patients (65%) underwent treatment to correct soft tissue deformi-
ties resulting from previously performed aesthetic surgery such as 
liposuction and abdominoplasty. For these patients, given that prior 
surgery had caused the contour irregularity of concern, nonsurgical 
intervention was of paramount importance. Most PLLA treatment 
sessions (86%) resulted in aesthetic improvement of the affected 
area, as determined by both the patient and practitioner. These find-
ings suggest that PLLA injection may be an appropriate treatment 
option for patients with both cosmetic and correctional treatment 
goals who prefer nonsurgical techniques.

The safety profile of PLLA in this study was congruent with that 
described in the product label, with the exception of temporary 
posttreatment numbness. Because all instances of numbness were 
transient and resolved within an average of 2 days postinjection, the 
authors believe that posttreatment numbness was likely attributable 
to the addition of lidocaine during PLLA reconstitution.3 One patient 
reported the presence of a nodule at the injection site that resolved 
approximately 8 weeks posttreatment.

The pretreatment consultation is an important component of 
PLLA treatment, especially in patients concerned with postsurgical 
contour deformities. Prior to treatment, patients should understand 
that the increase in volume observed immediately following injec-
tion is due to mechanical distention from the injected PLLA suspen-
sion and will decrease over several days as the formulary water is 
absorbed by the bod; patients should recognize that the outcomes 
achieved with PLLA are not immediate and appear gradually over 
time. Managing patient expectations is particularly important in pa-
tients with a history of HA filler injections who may anticipate visible 
results immediately postinjection. Additionally, patients should un-
derstand that PLLA achieves a subtler volumization effect as com-
pared to large volume fat transfer or permanent implants.

It is important for clinicians to counsel patients on the PLLA 
treatment protocol, which generally occurs over several months 
and requires multiple treatment sessions. The lead author's treat-
ment protocol typically involves 2– 3 treatment sessions spaced 
4– 6 weeks apart, followed by a period of 3– 6 months over which 
the final volumetric effects will develop. Anecdotally, older patients 
(aged ≥ 60 years), and those who have moderate to severe skin laxity 
or subcutaneous fat volume loss, often require an increased number 
of treatment sessions and/or larger volumes of PLLA per session to 

achieve optimal correction. As with other dermal fillers, longevity 
of effect and preservation of treatment outcome requires recurrent 
treatment with injectable PLLA. Intermittent ‘booster’ treatments 
in which smaller volumes of product are administered may be used 
to prolong the effects of treatment. Finally, patients should be in-
formed that full predictability with respect to treatment outcome 
and the number of treatment sessions required is not feasible, as 
neocollagen formation is slightly different in each patient.

Nonfacial applications of injectable PLLA have several limita-
tions that warrant mention. It is important to note that the results 
achieved with PLLA injection are not reversible. As such, undertreat-
ing the target area is essential for avoiding complications and unfa-
vourable outcomes. This strategy, however, increases the likelihood 
that patients will require a greater number of treatment sessions to 
obtain optimal volumization.

Additionally, the authors recognize that the volume of PLLA re-
quired to achieve the outcomes highlighted in this article may be 
prohibitively expensive or financially burdensome for the patient. 
Considering the current cost of product, favourable applications for 
nonfacial PLLA may involve localized contour irregularities and re-
gions of the body with a small surface area. Nevertheless, because 
the patients included in this study did not wish to pursue surgical in-
tervention, an injectable treatment such as PLLA was the only means 
of addressing their aesthetic concerns. The primary purpose of this 
study was to present preliminary data on the safety, effectiveness 
and feasibility of injectable PLLA in off- face areas of the body.

The limitations of this study include a small sample population, 
a limited follow- up period, and the lack of a validated assessment 
tool for soft tissue volumization. In this study, treatment response 
was determined by patient-  and physician- reported assessments of 
pre-  and posttreatment photographs, and the lack of precise quan-
tification of soft tissue volume changes limits our findings. Further 
studies that include high- definition imaging, 3- D greyscale and 
validated scales for aesthetic assessment such as the Hexsel pho-
tonumeric Cellulite Severity Scale (CSS) are needed to support our 
findings.

In this prospective, interventional study, the use of PLLA for 
soft tissue contouring in nonfacial areas of the body was effective 
and well- tolerated. Our findings suggest that PLLA injection should 
be considered a viable nonsurgical modality for improving the ap-
pearance of soft tissue irregularities and/or depressions in off- face 
regions. Additional research and data from well- controlled clinical 
trials are warranted to inform best practice guidelines and determine 
the long- term safety, efficacy and longevity of PLLA in nonfacial 
areas of the body.

5  |  CONCLUSION

According to the lead author's clinical experience, PLLA injection 
is effective and well- tolerated when used for body contouring and 
correcting postsurgical soft tissue deformities in appropriate pa-
tients. The use of injectable PLLA to augment and restore volume 
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in nonfacial regions of the body represents a promising minimally 
invasive alternative to surgical techniques for body contouring.
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stimulate neocollagenesis from fibroblasts, leading to
volume correction. The PLLA microspheres them-
selves are gradually degraded and do not directly
contribute to the final result. Three to 4 sessions every
4 to 6 weeks are needed to achieve optimal correction,
which can last 18 to 25months.2–5Most providers use
PLLA to correct panfacial volume loss.2,3

Because PLLA stimulates neocollagenesis, it is possible
it may also be beneficial in the treatment of lax skin of
the knee. In this study, the efficacy, safety, and patient
satisfaction of the treatment of knee skin laxity and
crepiness with PLLA will be evaluated.

Materials and Methods

Study Design

This is a randomized, double-blinded, split-body,
placebo-controlled study. The study protocol con-
formed to the ethical guidelines of the 1975Declaration
of Helsinki as reflected in approval by the institutional
review board. Twenty female subjects between the ages
of 30 and 65 years with symmetric, bilateral, mild to
severe upper knee laxity on the upper knee
laxity/crepiness grading scale (see Supplemental Digital
Content 1, Figure S1, http://links.lww.com/DSS/A474)
were enrolled. Subjects must have had a stable body
weight for at least 6months before study entry. Subjects
were excluded if they had undergone any skin tighten-
ing treatments in the past 12 months, ever received
biostimulatory/filler injections, or undergone non-
ablative laser treatments in the past 3 months in the
treatment area. They were also excluded if they had a
history of hypertrophic or keloidal scarring.

Active and Placebo Treatments

Each subject’s knees were randomized to receive 3
treatments of PLLA 4 weeks apart in 1 knee, whereas
the other knee received 3 treatments of bacteriostatic
water and served as the control. The active side
received 1 vial of PLLA diluted with 14 mL of bacte-
riostatic water and 2 mL of 1% plain lidocaine. The
control side received 16 mL of bacteriostatic water.
The treatment area was limited to the skin of the
anterior upper knee. Injections were not placed lower

than the superior border of the patella. The area
treated was 10 cm in height (superior–inferior plane)
and 10 cm in width (medial–lateral plane). The active
and placebo productwas injectedwith a 25 gauge, 1½
inch needle using a retrograde fanning technique.
After the treatment session, patients massaged both
knees for 5 minutes, 5 times per day, for 5 days.

Evaluation of Efficacy, Safety, and Satisfaction

Primary endpoints included the blinded investigator
laxity/crepiness grading scale, the Physician Global
Aesthetic Improvement Scale (PGAIS) by a blinded
evaluator, and theblinded evaluator identificationof the
treated knee. The blinded investigator laxity/crepiness
grading scalewas performed at postfinal treatment days
28, 84, and 168. The PGAIS (see Supplemental Digital
Content 2, Figure S2, http://links.lww.com/DSS/A475)
wasperformedafter treatment 3andpostfinal treatment
days 28, 84, and 168. The blinded evaluator (by a dif-
ferent evaluator who did not perform the treatments)
identification of the treated kneewas performed after all
subjects had completed the study.

Secondary endpoints included the Subject Global
Aesthetic Improvement Scale (SGAIS) and the subject
satisfaction questionnaire. Both these assessments
were completed after treatment 3 and postfinal treat-
ment days 28, 84, and 168. The treating physician also
evaluated for side effects (erythema, edema, contour
abnormality, andnodules) after every treatment andat
postfinal treatment days 28, 84, and 168.

Photographic Documentation

Before each treatment and at the postfinal treatment
days 28, 84, and 168 visits, standard 2D photographs
were taken, capturing 3 views: anterior, right oblique
(45�) and left oblique (45�). Vectra 3-D photography
was also performed at these visits. The subjects were
standing during all photographs.

Statistical Analysis

Statistical evaluation was performed with Microsoft
Excel 2013. The 2-tailed Student t-test was used to
determine the difference in means between groups. All
data are represented as mean 6 SD.
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Results

Subject Demographics

Twenty subjects were enrolled in the study. The mean
subject age was 56.2 years (range 48.2–65.5 years of
age). Eighteen patients completed the study, and 2
patients were lost to follow-up.

Efficacy

Statistically significant improvement as rated on the
PGAIS was seen at Day 28 after final treatment
(p < 0.05) in the active knee when comparedwith the
placebo knee. This improvement was sustained at
the Day 84 (p < 0.05) and Day 168 (p < 0.05) after
final treatment visits (Figure 1). At Day 168 after
final treatment, the mean PGAIS was 2.89 (1 = very
much improved, 2 = much improved, 3 = improved,
4 = no change, and 5 = worse) in the active knee
versus 3.94 in the placebo knee. At Day 84 after final
treatment, 16 of 18 patients (89%) and 0 of 18
patients were noted to have improvement in their
active and placebo knees, respectively. Of these

16 active knees with improvement, 2 were noted to
be “verymuch improved,” 3were noted to be “much
improved,” and 11were noted to be “improved.”At
Day 168 after final treatment, 12 of 18 (67%)
patients and 1 of 18 (6%) patients were noted to
have improvement in their active and placebo knees,
respectively. A representative set of images can be
seen in Figures 2.

No statistically significant difference in the blinded
investigator laxity/crepiness scalewas detectedbetween
the active andplaceboknees at the days 56, 84, and168
after final treatment visits (Figure 3). No statistically
significant difference was seen between the active and
placebo knees on the subject global aesthetic score or
the subject satisfaction scale (Figures 4 and 5).

Blinded investigator assessments at the end of the
study involved comparison of pretreatment and Day
168 after final treatment photographs. The blinded
investigator was able to identify the post-treatment
photograph in 5 of 18 patients and the active knee in 7
of 18 patients.

Safety and Tolerability

Poly-L-lactic acid treatments were well toleratedwithout
any significant adverse events. Physician assessments of
erythema, edema, contour irregularity, and nodules
revealed no statistically significant difference between
the active and placebo groups. There were no cases of
edema, contour irregularity, or nodules in either the
active or placebo knees. Mild erythema was noted in
both the active and placebo knees in 6 of the patients at
theDay56after thefinal treatmentvisit andhad resolved
in both knees at theDay 84 after the final treatment visit.

Figure 1. Physician Global Aesthetic Improvement Scale

scores at Day 28, Day 84, and Day 168 after final treatment.

All p values were <0.05. PLLA, poly-L-lactic acid.

Figure 2. Patients (A and B): Treated (top) and untreated knee (bottom) at baseline and 6 months after final treatment from

different angles.
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Discussion

Given the rise of off-face skin tightening in the last
decade, upper knee laxity has become a common
concern among patients. Liposuction does not address
laxity, and surgical removal of excess skin (“thigh
lift”) is an invasive procedure which does not ade-
quately address knee laxity, and results in scars and
possible adverse events. Resurfacing is also not an
option given the paucity of sebaceous glands in this
cosmetic unit.

Over the last decade, off the face application of
PLLA has become more popular, and it has been
used for chest wrinkles, buttock augmentation, and
for crepiness of the arms.6–9 This is the first study to
assess the efficacy and safety of PLLA in the treat-
ment of upper knee laxity. Based on our study, PLLA
seems to be a safe and effective modality in
addressing upper knee skin laxity. Significant
improvement in the PGAISwas noted atDay 28 after
final treatment, and this improvement was sustained
at 84 and 168 days after final treatment. Specifically,
89% of subjects versus 0% of subjects were noted to
have improvement in their active and placebo knees,
respectively, at the Day 84 after the final treatment
visit. Investigators continued to note a difference at
theDay 168 after the final treatment visit as 67% (12
of 18) of subjects were noted to have improvement in
the active knee versus only 6% (1 of 18) had
improvement in the placebo knee. Poly-L-lactic acid
treatments were also well tolerated without any
incidence of nodules.

No statistically significant improvementwas seen in
the blinded investigator laxity/crepiness scales.
This scale is not validated and therefore may not
have been as sensitive to consistently and reliably
capture improvement in skin quality and tighten-
ing. In addition, there were statistically significant
changes in the SGAIS or subject satisfaction scores
between the active and placebo knees. Lack of sta-
tistically significant outcomes in these measures
may be due to the limited follow-up period of
6 months. Recent research has demonstrated that
PLLA enhances skin quality in a time-dependent
manner and that significant improvement in skin
quality (specifically radiance, pore size, pigmenta-
tion, and smoothness) may not be seen until
12 months after the final treatment.10 Thus as the
follow-up period in this study was only 6 months,
further improvement in laxity that may have
occurred at 12 months was not captured.

Figure 3. Blinded investigator laxity/crepiness scale at Day

28, Day 84, and Day 168 after final treatment. PLLA, poly-L-

lactic acid.

Figure 4. Subject Global Aesthetic Improvement Scale

scores at Day 56 (56 days after first PLLA treatment) and

Day 28, Day 84, and day 168 after final PLLA treatment.

PLLA, poly-L-lactic acid.

Figure 5. Subject satisfaction scale scores at Day 168 after

final treatment. PLLA, poly-L-lactic acid.
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The limitations of this study include its small sample
size, limited follow-up period of 6 months, and that it
was conducted at a single center. A larger sample size
may have allowed for clearer conclusions to be drawn
regarding efficacy. Furthermore, a larger sample size
would have allowed for detection of more subtle
changes in the outcome measures. Finally, using a
validated skin quality scale may have helped to detect
nuanced changes in skin quality.

Poly-L-lactic acid may be an effective and safe non-
invasive modality for treating laxity and improving the
appearance of the upper knee. As microfocused ultra-
sound has also been shown to improve upper knee
laxity, PLLA may be combined with microfocused
ultrasound to enhance the improvement in upper knee
laxity.1 Combination laser/light treatments and inject-
ables have become increasingly popular in the last
decade because of the synergistic potentialwhen certain
treatments are paired together. Given the inconsistent
results in this study, further studieswith a larger sample
size, longer follow-up period, a validated knee laxity
scale, and combination therapy with microfocused
ultrasound therapy can delineate the optimal thera-
peutic regimen to treat upper knee laxity.
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