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Background  Facial rejuvenation can be achieved using a variety of techniques. Since mini­
mally invasive procedures for face lifting have become popular because of their convenience 
and short operating time, numerous minimally invasive surgical procedures have been 
developed. In this study, a nonabsorbable polypropylene mesh is introduced as a new face 
lifting instrument, with the nasolabial fold as the main target area. In this paper, we report 
the efficacy and safety of a polypropylene mesh in midface rejuvenation. 
Methods  Thirty-three subjects with moderate-to-severe nasolabial folds were enrolled from 
two medical institutions for a noncomparative single-sample study. A mesh was inserted 
above the superficial muscular aponeurotic system layer, reaching the nasolabial folds 
through a temporal scalp incision. After 3 weeks, the temporal end of the mesh was pulled to 
provide a lifting effect. Then, the mesh was fixed to the deep temporal fascia using 
nonabsorbable sutures. To evaluate efficacy, we compared the scores on the Wrinkle Severity 
Rating Scale and a visual analog scale for patient satisfaction between the baseline and 7 
weeks postoperatively. In addition, we evaluated safety based on the incidence of adverse 
events. 
Results  The treatment was deemed effective at improving wrinkles in 23 of 28 cases, and 
patient satisfaction improved significantly during the study period. There were seven cases of 
skin or subcutaneous tissue complications, including edema and erythema, but there were no 
suspected serious adverse events. 
Conclusions  Face lifting using a nonabsorbable mesh can improve nasolabial folds without 
serious adverse effects. Thus, this technique is safe and effective for midface rejuvenation.
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INTRODUCTION

Facial rejuvenation has been popular for decades, from simple 
noninvasive procedures to more invasive surgical treatments. 
Among numerous current noninvasive procedures, fillers and 
botulinum toxin are used worldwide. However, these simple 
procedures require repeated treatments to maintain their effects. 
Although conventional face lifting surgery can guarantee more 
lasting effects, the burden of such an invasive operation is large. 
Consequently, many face lifting alternatives have been devel-
oped. In Korea, various face lifting alternatives, such as thread 
lift, gold thread implantation, Happy Lift, and feather lift, have 
become popular [1-3]. For example, by using nonabsorbable 
polypropylene barbed thread, a semipermanent face lifting ef-
fect can be achieved by pulling the thread and fixing it in the tem
poral area [3-5]. Thread lifting, through the body’s reaction to 
the inserted foreign substances, uses the tension of the thread to 
remove wrinkles and promote collagen regeneration; in this tech-
nique, absorbable or nonabsorbable thread can be used. Silhou-
ette lifting—another popular type of minimally invasive face 
lifting surgery—consists of a cone with the components of gly-
colic acid and lactic acid that supports the skin and soft tissue, as 
well as nonabsorbable polypropylene thread [6]. Although thread 
lifting has many advantages, including its simple procedure and 

short recovery time, it has limited face lifting effects because of 
the small contact area with the skin tissue. Mutaf [7] reported 
the use of a polypropylene mesh as an alternative to brow lifting 
in 37 patients with brow ptosis. During the follow-up period of 
4 years and 6 months, there were no adverse effects of foreign 
body insertion and no recurrence of brow ptosis. We have de-
signed mesh lifting to achieve a larger contact area with the skin 
and induce greater face lifting effects. Further, we have designed 
this clinical study to report the lifting and rejuvenation effects of 
a nonabsorbable mesh, which had not yet been clarified.

METHODS

Statement of ethics
This clinical trial was approved by the institutional review boards 
of each investigational institution. Patients were informed about 
the research protocol both verbally and in writing before they 
were asked to participate in this study and before they signed an 
informed consent form. 

Study subjects
This is a multicenter noncomparative single-sample clinical study. 
The study was conducted at two medical institutions between 
January 2013 and December 2013. We initially recruited a total 

  Inclusion criteria
  1) Female aged 30–65 years 
  2) Subjects desiring correction of nasolabial folds and who have a Wrinkle Severity Rating Scale score of 3 or 4 
  3) Subjects with visually symmetric nasolabial folds
  4) Subjects who can understand and comply with instructions and who are willing to participate for the duration of the trial
  5) Subjects who voluntarily agree to participate and who sign a letter of informed consent

  Exclusion criteria
  1) Subjects who had received permanent implants for dermal augmentation (e.g., silicone) in the face within 1 year of the screening date
  2) Subjects who had been treated with a filler (e.g., calcium hydroxyapatite) in the nasolabial fold area within 1 year of the screening date
  3) Subjects who have a scar or a skin lesion in the nasolabial fold area that could affect the discernment of treatment efficacy 
  4) Subjects who have experienced anaphylaxis or a severe combined allergy, or who have an allergy to nonabsorbable thread
  5) Subjects with facial skin that is too thin or too thick
  6) Subjects who had undergone anticoagulant therapy (excluding low-dose aspirin [maximum dosage: 300 mg/day]) within 2 weeks of the screening date
  7) Subjects with a coagulation disorder
  8) Subjects with a skin disorder or a systemic infectious disease
  9) Subjects with asthma
10) Subjects with a compromised immune system or an autoimmune disease (e.g., AIDS, cystic fibrosis, neutropenia, or immunoglobulin deficiency)
11) Subjects taking medication that could affect wound healing
12) Subjects with uncontrolled diabetes mellitus, hypertension, renal disease, or cardiovascular disease 
13) Subjects taking an oral or parenteral hypoglycemic agent 
14) Subjects who are pregnant or lactating 
15) Female subjects of childbearing potential who do not agree to employ medically acceptable contraception (e.g., condom use, oral contraceptives 

   continuing for at least 3 months, injectable or insertable contraceptives, and/or intrauterine contraceptive devices) during the trial
16) Subjects in a vulnerable group
17) Subjects participating in another clinical trial within 30 days of the screening date
18) Subjects ineligible for this study at the medical discretion of the Principal Investigator or subinvestigators

   AIDS, acquired immune deficiency syndrome.

Table 1. Inclusion and exclusion criteria
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of 33 subjects, but excluded 4 through baseline screening. The 
inclusion and exclusion criteria are shown in Table 1. One pa-
tient also withdrew written informed consent, resulting in a final 
enrollment of 28 subjects in the current study. All patients pro-
vided written informed consent, and all completed the current 
study. The experimental side nasolabial fold was selected by us-
ing a random number table, while the other nasolabial fold was 
operated on by using the same method, according to the ethical 
strategy of clinical trials. To minimize bias, the subjects, opera-
tors, and evaluators were blinded to the experimental side. 

Study device 
In this study, we used a nonabsorbable polypropylene mesh (D-
med Inc., Seoul, Korea; 12 cm × 1.4 cm) with polypropylene 
thread passing through it to pull the mesh for lifting (Fig. 1).

Study design
Once enrolled in the current study, all patients were evaluated 
by the investigators using the Wrinkle Severity Rating Scale (WS
RS) and by using a self-administered visual analog scale (VAS) 
to determine the severity of wrinkles prior to the insertion of 
the study device. All subjects underwent the nonabsorbable poly-
propylene mesh treatment on the bilateral nasolabial folds. At 
each study center, the subjects were treated and evaluated by the 
same investigators. Thus, attempts were made to minimize bias 
due to differences in the treatment modality and to consistently 
assess efficacy throughout the study period. The study details 
were disclosed to the investigators who treated the patients by 
using a randomization chart, but they were blinded to those who 
assessed them. Thus, attempts were made to maintain the con-
sistency and objectivity of assessment. At 3 weeks after the poly-
propylene mesh insertion, mesh lifting was performed. Patients 
visited the study center at 4 and 7 weeks postoperatively to eval-
uate the occurrence of adverse events (AEs). At 7 weeks, they 
also underwent clinical photography and provided a VAS score 
for satisfaction.

Operative procedure
This technique is divided into two independent operations. In 

the first operation, the design was created with the subject in a 
seated position, and dotted marking was made with a surgical 
marker on the skin where the mesh would be inserted in order 
to determine the appropriate dissection range. Then, the patient 
was laid supine on the operating table with skin preparation and 
draping and was sedated under monitored anesthesia care. After 
infiltrating a local anesthetic solution (1:100,000 epinephrine 
mixed with 2% lidocaine), a 0.5-cm-long incision line was made 
in the bilateral temporal areas, 1 cm inferior to the superior tem-
poral crest and 2 cm behind the hairline. After the temporal inci-
sion was made, dissection was performed through the subcuta-
neous tissue and the superficial temporal fascia, down to the 
deep temporal fascia. Dissection was performed between the 
superficial and deep temporal fascia up to the hairline level in 
order to prevent alopecia of the temple and was continued to 
the posterior portion of the zygomatic arch (Fig. 2). Lower to 
the zygomatic arch, the dissection plane was located more su-
perficially between the superficial muscular aponeurotic system 
and the subcutaneous level. After dissecting to the level of the 
nasolabial fold, the surgeon inserted a mesh through the dissec-
tion plane with a pair of specially designed forceps (Fig. 3). Af-
ter the insertion, the mesh was placed in position and cut to the 
appropriate size while avoiding mesh kinking. The distal point 
of the mesh beneath the nasolabial fold level did not need to be 
sutured, but the proximal end was sutured to the undersurface 
of the scalp in order to hide the mesh. Then, the incision site 
was repaired using 5-0 Prolene. We did not apply any compres-
sion or bulky dressing on the cheek but did apply a small amount 
of antibiotic ointment at the suture site.

The second operation was performed after 3 weeks; the patient 
was prepared as in the initial operation, and an incision was made 

A nonabsorbable polypropylene mesh (D-med Inc., Korea, 12 cm×

1.4 cm) with polypropylene thread passing through it to pull the 
mesh for lifting.

Fig. 1. Polypropylene mesh with polypropylene thread

① Polypropylene mesh
② Polypropylene thread

Dissection was performed through the subcutaneous tissue and the 
superficial temporal fascia, down to the deep temporal fascia. 

Fig. 2. Intraoperative photograph
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A pair of wide forceps was specially designed for holding the mesh 
and inserting it through the dissection plane.

Fig. 3. Photograph of polypropylene mesh and forceps

Score Description

5 Extreme: extremely deep and long fold; 2–4-mm visible v-shaped fold when stretched; detrimental to appearance; unlikely to have satisfactory correction with 
injectable implant alone

4 Severe: very deep and long fold; prominent facial feature; <2-mm visible fold when stretched
3 Moderate: moderately deep fold; clear facial feature visible at normal appearance but not when stretched; excellent correction expected
2 Mild: shallow but visible fold with slight indentation; minor facial feature
1 Absent: no visible fold; continuous line

Table 2. Wrinkle Severity Rating Scale 

on the previous incision line. Dissection was performed through 
the plane previously made until the mesh attached to the soft 
tissue was located. Then, by using the polypropylene thread su-
tured to the proximal end of the mesh, the surgeon pulled the 
proximal end of the mesh in the cephalic direction. The direc-
tion and the traction force of the mesh were controlled to the 
point that the soft tissue was effectively placed for maximum 
tension. After ensuring the absence of a foreign body or bleed-
ing point, the surgeon fixed the mesh to the deep temporal fas-
cia by using nonabsorbable sutures. Finally, the scalp incision 
was closed in a routine manner. Ice packs were applied intermit-
tently for a day after surgery, and the patients were given oral an-
tibiotics for 3 days.

Efficacy outcome measures
Primary outcome measure: wrinkle improvement rate
The severity of wrinkles was evaluated using the WSRS preop-
eratively and at 7 weeks postoperatively by an independent eval-
uator (Table 2). The following formula was used: preoperative 
WSRS score–postoperative WSRS score.

If the result was ≥ 1, the treatment was classified as effective 
(improvement of wrinkles); if the result was < 1, the treatment 
was classified as ineffective (no improvement or increased wrin-

kles). Preoperative and postoperative data were analyzed statis-
tically by using Fisher’s exact test or the chi-squared test. 

Secondary outcome measure: patient satisfaction
Patient satisfaction was evaluated using a self-administered VAS 
(0 points, no wrinkles; 100 points, severe wrinkles) preopera-
tively and at 7 weeks postoperatively. Preoperative and postop-
erative data were analyzed statistically using Wilcoxon’s signed-
rank test. 

Safety analysis
In the current study, we evaluated safety based on AEs and physi-
cal examination. AEs included tension, edema, inflammation, 
petechiae, erythema, tenderness, mesh rupture, inconvenience, 
and foreign body sensation. We evaluated all AEs that occurred 
in the subjects, the number of AEs, and the proportion of sub-
jects who presented with more than one AE. We also provided 
the severity of each AE. In providing the frequency of AEs, we 
analyzed the overall frequency of AEs, adverse device events, 
and serious AEs.

Data analysis
Statistical analysis
In the current study, unless otherwise noted, we performed two-
sided tests with a statistical significance of 0.05. In addition, we 
provided the number of subjects, mean, standard deviation, me-
dian, minimum, and maximum values for continuous variables, 
and the frequency and proportion of subjects for categorical vari-
ables. Finally, we replaced the missing values by using the worst 
observation carried forward method.

Efficacy sets
The data obtained were divided into full analysis (FA), per-pro-
tocol (PP), and safety sets. The main population was analyzed 
in the FA set, additional analysis was performed in the PP set, 
and safety analysis was conducted in the safety set.

Full analysis set
The FA set contained all subjects who were given a randomiza-
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tion number after being enrolled in the current study. We ex-
cluded the following subjects: (1) subjects who were enrolled in 
the current study but did not meet the inclusion criteria at the 
screening visit, (2) subjects who were enrolled in the current 
study but did not undergo treatment, and (3) subjects who were 
enrolled in the current study but did not undergo the efficacy 
analysis.

Per-protocol set
The PP set contained all FA subjects who completed the cur-
rent study without seriously violating the study protocol. We ex-
cluded the following subjects: (1) subjects who did not submit 
written informed consent, (2) subjects who did not undergo 
the efficacy analysis at 7 weeks postoperatively, (3) subjects who 
underwent procedures or treatments during the study period 
that might affect the results of the efficacy analysis (including 
prohibited concomitant medications), and (4) subjects who se-
riously violated the study protocol according to the judgment of 
the investigators.

Safety set
The safety set comprised all subjects who were enrolled in the 
current study and underwent a safety analysis after the treatment.

RESULTS

Baseline characteristics
In the current study, we recruited a total of 33 subjects, but 4 
were excluded through baseline screening and 1 withdrew writ-
ten informed consent. Therefore, 28 patients underwent the 
procedure; all these patients were female with an average age of 
54 years (range, 45–65 years). One patient withdrew written in-

formed consent after the procedure, so we evaluated a total of 
27 subjects who completed the study within the study period. 
The number of patients in the FA, PP, and safety sets were 28, 
25, and 27, respectively. 

Efficacy outcomes
An efficacy evaluation was conducted in the FA set (n= 28), while 
a secondary analysis was carried out in the PP set (n = 25). The 
treatment was deemed to be effective at improving wrinkles in 
23 of 28 cases (82.14%) and ineffective in 5 cases (17.86%). In 
the PP set analysis, the treatment was deemed to be effective in 
23 of 25 cases (92.0%) and ineffective in 2 cases (8.0%) (Fig. 4).

As a secondary outcome measure, patient satisfaction was 
evaluated according to the VAS score. In the FA set, the mean 
preoperative VAS score was 70.71 ± 16.54 (range, 20–90), while 
the mean postoperative VAS score was 46.07 ± 18.12 (range, 
20–80); this difference was statistically significant (P < 0.001). 
In the PP set analysis, the mean preoperative VAS score was 
73.20 ± 13.76 (range, 30–90), while the mean postoperative VAS 
score was 45.60 ± 17.58 (range, 20–80); this difference was also 
statistically significant (P < 0.001) (Fig. 5). Finally, in both the 
FA and the PP sets, patient satisfaction increased significantly 
after the operation (Figs. 6, 7).

Safety outcomes
Among the FA set, 1 patient was lost to follow-up and 27 pati
ents were examined for abnormal response at 4 and 7 weeks af-
ter surgery. According to the system organ class, there were sev-
en cases of skin or subcutaneous tissue complications at 7 weeks 
postoperatively; they included edema (22.22%, 6/27) and ery-

If (preoperative WSRS score–postoperative WSRS score) >1, the 
treatment was classified as effective, and if the result was ≤1, the 
treatment was classified as ineffective. WSRS, Wrinkle Severity Rat-
ing Scale; FA, full analysis; PP, per-protocol.

Fig. 4. Wrinkle improvement rate

FA set (n=28)

Ineffective 
18% (5/28)

Effective 
82% (23/28)

Patient satisfaction was evaluated according to the difference be-
tween the preoperative and the postoperative visual analog scale 
(VAS) scores. FA, full analysis; PP, per-protocol.

Fig. 5. Patient satisfaction
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(A) Preoperative photo-
graph. (B) Postoperative 
photograph of patient at 
7 weeks following surgery. 

Fig. 6. A case of a 53-year-old female

A B

(A) Preoperative photo-
graph. (B) Postoperative 
photograph of patient at 
7 weeks following surgery.

Fig. 7. A case of a 51-year-old female

A B
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thema (3.70%, 1/27). During the study period, there were no 
suspected serious AEs. 

DISCUSSION

Face lifting alternatives can be categorized into two types based 
on the technique used—square-shaped template insertion or 
thread insertion—even though they have the same purpose of 
insertion and lifting. Square-shaped template insertion can also 
be further divided into two types based on the material used: 
absorbable (Vicryl mesh) or nonabsorbable (Prolene mesh or 
Gore-tex mesh). In 2000, Stuzin et al. [8] reported the elevation 
of the superficial muscular aponeurotic system flap in conven-
tional face lifting surgery by the fixation and suspension of the 
flap by using a Vicryl mesh. This fixation improved the contour 
of the midface and safely repositioned the facial fat. Gore-tex in-
sertion, as a nonabsorbable square-shaped template, was used in 
face lifting procedures by Kim et al. [9], who reported the reju-
venation of the neck and lower face following two different 
staged operations: insertion of the Gore-tex (first) and lifting 
procedure (second). These two-stage operations are the same 
as those in the case of a polypropylene mesh. The first operation 
consists of the insertion of the template, followed by several 
weeks of waiting for template adhesion with the adjacent tissue. 
In the second surgery, the template had sufficient adhesive force 
to be lifted and pulled in the desired direction. However, the 
thickness of the Gore-tex implant was 0.64 mm, while that of 
the polypropylene mesh is 0.1 mm. The thickness of the lower 
chin skin in Korean patients is 0.857 ± 0.247 mm [10]; thus, the 
insertion of the Gore-tex template is palpable. 

Polypropylene meshes are used in many fields. For example, 
Sampaio reported the use of a mesh supporting system in a dou-
ble-skin technique for mammoplasty, and in the closure of the 
abdominal wall in numerous other operations [11]. In addition, 
Kwon et al. [12] proved the mechanical strength and stretching 
force of a polypropylene mesh to be sufficient for use in brow 
suspension. Mutaf [7] also reported the use of a polypropylene 
mesh in brow lifting without any foreign body reaction or inflam-
mation during a long-term clinical observation. 

As a face lifting alternative, thread lifting has also become pop-
ular in Asia. Silhouette lifting, composed of 3-0 Prolene thread 
and an absorbable cone, has many advantages, including short 
operating time and the use of simple local anesthesia [13]. How-
ever, its drawbacks are its longevity and revision procedure after 
relapse. These minimally invasive surgical procedures have some 
shortcomings, such as limited durability and relapse, but they 
are popular because of their simplicity and rapid recovery time. 
The mean operating time for such procedures is 30–60 minutes, 

and surgery can be performed at minimal anesthetic depth; thus, 
patients can return to their social life quickly, with minimal swell-
ing and tenderness. 

Despite these advantages, there are some possible AEs follow-
ing polypropylene mesh lifting surgery. Unlike the thread lifting 
method, mesh lifting requires a skin incision and the dissection 
of a wide area for skin contact. Further, after 3 weeks, a lifting 
procedure including the dissection of the skin-mesh adhesion is 
required. All these procedures can increase the rate of tender-
ness, inflammation, swelling, and foreign body sensation com-
pared with the use of the thread lifting method. Furthermore, 
foreign body-related complications, foreign body granuloma, 
inflammatory response, and exposure of the mesh can occur. 
Kim et al. reported wound infection in 12 cases (2.7%) after the 
insertion of a Gore-tex template during the follow-up period. 
We did not encounter any inflammatory response during the 
two-month follow-up period. 

For mesh lifting, appropriate patient selection is important. 
Mesh lifting is helpful in mild-to-moderate cases. It is difficult to 
apply the mesh in patients with severe skin laxity and wrinkles, 
since massive skin redundancy cannot be corrected. This proce-
dure should also be avoided in patients with very thin skin, since 
the implant can be palpable even if it is very thin (e.g., 0.1 mm). 
Patients with a puffy face or thick, sebaceous skin should avoid 
the procedure because lifting is very difficult after the insertion 
of the mesh. The requisite two-stage operation is the definite 
shortcoming of mesh lifting. Patients can be burdened by the 
two operations, even though each procedure is very simple and 
takes a short amount of time. In all cases, sufficient preoperative 
counseling is important. As in conventional face lifting surgery, 
facial asymmetry can occur after mesh lifting, which can be cor-
rected by additional lifting procedures. In this study, there were 
7 cases of skin or subcutaneous tissue AEs at 4 weeks after sur-
gery; they included edema (22.22%; 6/27) and erythema (3.70%; 
1/27). These effects disappeared at the end of surgery, and poly-
propylene mesh lifting was proven to be safe during the study 
and the follow-up periods.

In this clinical trial, we created a pair of special forceps for the 
application of the mesh (Fig. 3). After dissection of the flap, these 
forceps were used to insert the mesh safely without any kinking 
or insufficient placement. After insertion, a needle was applied 
through the skin to fix the mesh, and the forceps were removed. 
Folding of the mesh during the insertion procedure may allow it 
to be palpable and cause an insufficient adhesive contact surface 
with the surrounding tissue. After fixation of the mesh with 3-0 
Prolene, the knot of the stitches is concealed into the deep tem-
poral fascia to prevent any foreign body granuloma. During the 
dissection of the flap, the surgeon should try to avoid cutting the 
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tissue so as not to damage the nerve branches. Even if nerve dam-
age occurs, recovery is still certain. The mesh should be placed 
near the nasolabial fold to achieve sufficient lifting; inappropri-
ate placement can result in an insufficient lifting effect or an un-
natural look of the face. Polypropylene mesh lifting is useful for 
patients who do not want to undergo conventional invasive face 
lifting surgery. Based on these results, we infer that minimal bruis-
ing and swelling, and quick return to normal social life are the 
major advantages of polypropylene mesh lifting. 

However, this clinical trial has several limitations, including the 
small number of subjects and the relatively short follow-up peri-
od, but this is the first clinical trial to evaluate the efficacy and 
safety of the use of a polypropylene mesh in midface lifting sur-
gery. Despite these limitations, we demonstrated that the use of 
a polypropylene mesh is safe and effective for midface lifting as 
a successful alternative to conventional face lifting surgery. 
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