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Summary

Background: Polydioxanone (PDO) sutures have been widely used to tighten and

lift the face. However, why the complexion brightens and skin elasticity is main-

tained with a smaller facial outline after a PDO monofilament thread treatment

remains unclear.

Aims: We aimed to determine what significant changes occur in the tissue over

time when a PDO suture is inserted.

Methods: We selected four White Yucatan variety pygmy pigs with skin that most

closely resembles the structure of human skin. 4!0 PDO thread was inserted into

the subcutaneous fat. Tissue samples were obtained at 4, 12, 24, and 48 weeks. For

the histologic analysis, H&E staining, Masson trichrome staining, and anti!smooth

muscle actin immunohistochemical staining techniques were used.

Results: Nine histological findings appeared over time, and these findings are sum-

marized as five tissue changes.

Conclusions: PDO sutures cause specific changes to the surrounding tissues that

result in neo!collagenesis, a fibrous merging effect, fat reduction, tissue contracture,

and an improved vascular environment. The results of this study explain the positive

changes described in previous clinical research.
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1 | INTRODUCTION

In early 2011, the treatment with monofilament polydioxanone

(PDO) thread was introduced for facial rejuvenation in Korea. PDO

thread was originally used in cardiac surgery; it remains for an

average of 6 months after hydrolysis and disappears completely

within the tissue.1 Therefore, a variety of products were developed

with the expectation that long!term side effects would be less

likely to occur than when lifting the face with insoluble thread. The

absorbable threads used for lifting are divided into a thread with

no cog in monofilament form and a thread with cogs in a spiny

shape. Clinical studies using PDO thread revealed positive results.2

Suh and colleagues demonstrated that monofilament treatment can

improve tightening and skin texture,3 indicating that PDO thread

injections can elicit positive changes in the facial tissues. When the

PDO component is injected into the body, it does not merely dis-

appear but rather leads to specific changes in the surrounding tis-

sues. However, despite these promising clinical findings, why and

how these positive changes occur remain unclear, prompting the

need for research on tissue changes. A study on the tissue changes

that occur after PDO thread injection was conducted recently. Kim

et al4 showed the tissue changes after the injection of a mono!di-
rectional barbed PDO thread into a guinea pig, including fibrous

capsules formed around the thread, followed by inflammation and

increased collagen. In addition, they showed an increased TGF beta

Received: 20 February 2018 | Revised: 4 April 2018 | Accepted: 22 June 2018

DOI: 10.1111/jocd.12718

J Cosmet Dermatol. 2019;18:885–891. wileyonlinelibrary.com/journal/jocd © 2018 Wiley Periodicals, Inc. | 885



level. However, in their study, PDO was inserted into the pannicu-

lus carnosus layer. Generally, the main insertion area for PDO

thread during the lifting of the face using an absorbable thread is

the subcutaneous fat layer or the SMAS layer. Amuso et al5 per-

formed a histological evaluation of bio!revitalization after PDO

injection through human tissue biopsy. Upon collagen formation

activation, the collagen fibers of the dermis thickened. At the same

time, elastic punctiform fibers were prolonged. These changes in

collagen persisted for up to 12 months, but the collagen returned

to its original state at 18 months.

The above histological studies have shown that certain tissue

changes occur in the skin and subcutaneous tissue after PDO injec-

tion. However, there is insufficient evidence to explain the positive

changes that have been shown in clinical studies after PDO thread

injection.

To address this research gap, animal experiments were per-

formed to determine the causes of tissue changes, physiological

responses, and the positive results after PDO thread injection.

2 | MATERIALS AND METHODS

2.1 | Experimental animal

Four White Yucatan Pigs (3 months old) were selected for the study

of the histological changes after the insertion of the threads. The

skin of the Yucatan pig is structurally similar to human skin and is a

useful tissue for skin studies. Yucatan pigs were prepared, bred, and

euthanized by the Optipharm (Cheongju, Korea), which has a specific

pathogen!free facility and laboratory. The animal IRB number is

MPK!2012!001.

2.2 | Experimental process

After the administration of Zoletil anesthesia via intramuscular injec-

tion in the sterile laboratory, the dorsal skin of pig was disinfected

with alcohol. In the dorsal skin, 9!cm USP 4!0 non!barbed PDO

threads in a 25!G needle were inserted into the subcutaneous layer

parallel to the skin at 1!cm intervals. The insertion sites of PDO

threads were tattooed on the skin to facilitate subsequent biopsy.

The same procedure was performed in a total of four Yucatan pigs.

Four weeks after the thread insertion procedure, the skin and subcu-

taneous tissue were removed under Zoletil anesthesia. Immediately

after removal, the center section of the thread insertion area was

taken. The sample was flattened and fixed onto a Styrofoam plate to

prevent curling of the tissue using pins. The prepared sample was

fixated using 10% formalin solution. The remaining three pigs under-

went the same procedure 12 weeks, 24 weeks, and 12 months after

the thread procedure, respectively.

2.3 | Histologic analysis

Paraffin blocks were created using previously fixated (10% formalin)

tissue. The tissue was microtomed vertical to the longitudinal axis of

the thread. The samples were stained using the hematoxylin and

eosin staining, the Masson trichrome staining, and immunohisto-

chemical staining using anti!alpha smooth muscle actin antibody

(Abcam, Cambridge UK).

3 | RESULTS

3.1 | After 4 weeks

Upon initial visual inspection of the preserved tissue, there was no

visible difference between the control site and the experimental site.

The blue color of the PDO thread became transparent at the experi-

mental site, but its physical form was maintained. The first histologi-

cal finding in the experimental group was the observation of two

circular empty spaces resembling owl eyes due to the inserted PDO

threads because of the V!shaped appearance of the product, with

half of the thread inserted inside the needle and the other half

exposed outside of the needle (Figure 1). Second, abundant loose

collagen fiber, eosinophils, and lymphocytes were visible inside the

newly formed granulation tissue near the thread insertion site (Fig-

ure 1). After Masson trichrome staining, newly formed, rich collagen

fibers (stained light blue) with concentric circular shapes were

observed near the thread insertion site, which were clearly distin-

guishable from adipocytes, eosinophils, and lymphocytes (Figure 2).

Third, the newly formed collagen fibers had connected and merged

with the pre!existing fibrous connective tissue (Figure 3). Fourth, the

anti!smooth muscle actin (SMA) immunohistochemical stain showed

blue!stained fibroblasts and red!stained, cigar!shaped myofibroblasts

inside the granulation tissue (Figure 4). Fifth, the capillary gross area

was measured to confirm increased blood circulation. To avoid any

bias, the capillary with the largest gross area from the control group

F IGURE 1 Two circular empty spaces resembling owl eyes are
observed due to inserted V!shape banded PDO thread. Abundant
loose collagen fibers, eosinophils, and lymphocytes are visible inside
the newly formed granulation tissue. The degeneration of adipocytes
near the granulation tissue is observed (H&E stain, magnification
400!). Four weeks after PDO thread insertion
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and the capillary with the largest gross area from the experimental

group were selected and compared. The result showed that the cap-

illary from the experimental group (5826 !m2) was twice the size of

the capillary from the control group (2904 !m2). In addition, abun-

dant red!stained eosinophils were observed (Figure 5). Sixth, adipo-

cyte degeneration was observed near the granulation tissue by H&E

staining (Figure 1).

3.2 | After 12 weeks

Twelve weeks after thread insertion, another Yucatan pig was sacri-

ficed. The thread was transparent, and the physical form was main-

tained. First, loose collagen fibers became dense collagen fibers near

the thread insertion site. Eosinophils and lymphocytes were scarce in

the granulation tissue, and adipocyte denaturation was evident near

the granulation tissue (Figures 6 and 7). Second, a fibrous bridging

effect was observed, with the collagen fibers branching out from the

thread insertion site toward the dermis and the fascia in a spider

web shape (Figure 8). Third, the numbers of fibroblasts and myofi-

broblasts decreased compared to the results at 4 weeks after thread

insertion. Fibroblasts were still present, but myofibroblasts were not

observed (Figure 9).

3.3 | After 24 weeks

The PDO thread was not visible 24 weeks after the procedure upon

visual inspection. First, thin collagen tissue was observed as a result

of decreased dense collagen fibers that had been observed at

12 weeks (Figure 10). Second, fragmentation of the PDO thread was

observed, and eosinophils and lymphocytes inside the granulation

tissue were no longer detectable. Third, the fibrous bridging effect

was still observed near the thread insertion site (Figure 10).

3.4 | After 48 weeks

The PDO thread was difficult to visualize 48 weeks after the proce-

dure. First, the results showed a thin collagen fiber band at the

fibrous capsule level, which had become thin at 24 weeks (Figure 11).

Second, adipocyte degeneration was still observed near the thin

fibrous capsule (Figure 11). Third, measurements of the distance

between the dermis and the muscle layer at the thread insertion site

and the control site in the same slide were compared. The distance

at the thread insertion site was 2822 µm and that of the control site

in the same slide was 3675 µm, showing a 24% drop (Figure 12).

Fourth, a foreign body granuloma was observed. Thin fibrous bridg-

ing remnants were also observed near the foreign body granuloma

(Figure 12).

F IGURE 2 Rich collagen fibers stained in light blue (arrow) are
observed near the thread insertion site. Surrounding thick collagen
fibers stained in dark blue (arrowhead) represent pre!existing fibrous
connective tissues (Masson trichrome stain, magnification 400!).
Four weeks after PDO thread insertion

F IGURE 3 Newly formed collagen fibers (arrow) have connected
and merged with pre!existing fibrous connective tissue (arrowhead)
(H&E stain, magnification 400!). Four weeks after PDO thread
insertion

F IGURE 4 This stain result shows blue!stained fibroblasts and
red!stained, cigar!shaped myofibroblasts (arrow) inside the
granulation tissue (anti!smooth muscle antibody
immunohistochemical stain, magnification 1000!). Four weeks after
PDO thread insertion
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These histological findings over time are summarized in Table 1.

4 | DISCUSSION

Several facial rejuvenation techniques such as lasers,6 fillers,7 botuli-

num toxin,8 fat grafts, and other soft tissue augmentation proce-

dures9 have been developed to achieve a more youthful appearance.

Face lift surgery has been the traditional method of facial rejuvena-

tion since the early twentieth century. However, surgical methods

that involve incisions have fallen out of favor due to the difficulty of

the techniques, long recovery periods, side effects such as surgical

scars, and a lack of universalization.

In the 2000 s, thread lifting procedures were introduced as a

replacement for incision!based surgery. In 2002, Sasaki and Cohen10

reported midface rejuvenation using various types of threads such

as Gore!Tex, Vicryl, and polypropylene. In 2002, Sulamanidze et al11

reported facial lifting using the “Aptos” thread. In 2004, Lycka et al

reported that 350 patients underwent facial rejuvenation using the

“Aptos” thread and that the “Aptos” thread procedure was effec-

tive as an alternative to facioplasty for facial rejuvenation. However,

they also reported various complications, including asymmetry,

ecchymosis, swelling, discomfort, erythema, bleeding, visible thread,

palpable thread end with pain, thread migration, infection, granu-

loma, skin dimpling, skin irregularity, and thread extrusion.12 In

2005, Lee and Isse13 reported an endo!progressive face lift suture

that was fixed to the temporal fascia with a thread created by

modifying the “Aptos” thread. In early 2011, the treatment with

monofilament polydioxanone thread was implemented for facial

rejuvenation in Korea.

(A) (B)

F IGURE 5 A two!times larger capillary was observed in the experimental group (A, 5826 !m2) compared to the control group (B,
2904 !m2) (H&E stain, magnification 1000!). Four weeks after PDO thread insertion

F IGURE 6 Loose collagen fibers became dense collagen fibers
near the thread insertion site. Scarce eosinophils and lymphocytes
were observed in the granulation tissue. Adipocyte denaturation was
still evident near the granulation tissue (H&E stain, magnification
400!). Twelve weeks after PDO thread insertion

F IGURE 7 Thread insertion site is surrounded by dense collagen
fibers (Masson trichrome stain, magnification 400!). Twelve weeks
after PDO thread insertion
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PDO thread insertion was reported to not only tighten and lift

the face but also to improve skin texture with brightened complex-

ion and skin elasticity.3 However, the mechanism underlying these

positive skin changes remained unclear. There was a study reporting

increased collagen production around inserted PDO thread,4 but the

study animal was somewhat inappropriate for simulating human

environment. We used Yucatan pigs whose skin structure is similar

to human and examined tissue changes up to 48 weeks after PDO

thread insertion.

The findings listed in Table 1 are described as follows.

1. The changes in the PDO thread after injection into the body can

be observed over time. The thread retains its shape for

12 weeks, becomes fragmented by 24 weeks, and is fully dis-

solved by 48 weeks. If the maintenance of thread shape is impor-

tant, the effect will last for 12!24 weeks. However, if the thread

itself is important regardless of fragmentation, the effect will last

for 24!48 weeks.

2. A collagen!producing effect will last for more than 48 weeks. If

the procedure is performed for the purpose of collagen produc-

tion, the effect will last for more than 48 weeks.

3. Granulation tissue will last for more than 48 weeks. In some

cases, we can observe a foreign body reaction. Even absorbable

F IGURE 8 A fibrous bridging effect is observed, showing
collagen fibers branching out from the thread insertion site toward
the dermis and the fascia in a spider web shape (Masson trichrome
stain, magnification 100!). Twelve weeks after PDO thread insertion

F IGURE 9 The same section as Figure 7. Fibroblasts were still
observed, but myofibroblasts were not observed. Red tint in the
dense collagen fiber is false positive (Anti!smooth muscle antibody
immunohistochemical stain, magnification 400!). Twelve weeks after
PDO thread insertion

F IGURE 10 Thread insertion site is surrounded by thin collagen
tissue as a result of decreased dense collagen fibers. In the lumen,
fragmentation of the PDO thread was observed. The fibrous
bridging effect was still evident near the thread insertion site (H&E
stain, magnification 100!). Twenty!four weeks after PDO thread
insertion

F IGURE 11 A thin collagen fiber band and adipocyte
degeneration are still evident near the thread insertion site (H&E
stain, magnification 400!). Forty!eight weeks after PDO thread
insertion
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thread injections can cause unwanted nodules due to foreign

body reactions.

4. Inflammation from PDO thread injection will last 4!12 weeks.

5. Fibrous connective tissues increase via PDO thread insertion and

join the pre!existing fibrous connective tissue. The fibrous tissue

in the subcutaneous fat layer does not exist in isolation. This tis-

sue is joined by part of the facial fibrous connective tissue.14

Therefore, we can infer that PDO thread injection can strengthen

the subcutaneous fat layer. As the effect of fibrous tissue

generation lasts for more than 48 weeks, the strengthening

effect will last for more than 1 year.

6. Myofibroblasts appear between 0 and 12 weeks after PDO

thread injection. They appear in the wound healing process and

are particularly associated with wound contraction. The effect of

tissue contraction by PDO thread injection occurs between 0

and 12 weeks.

7. The proliferation of fibroblasts occurs between 0 and 24 weeks.

This effect is associated with findings (2) and (5). Collagen prolif-

eration occurs within 6 months.

8. Capillary size increases. We can expect an improved vascular

supply.

9. The thickness of the fat layer is reduced by fat cell denaturation.

The duration of this effect is longer than 48 weeks.

The above nine findings can be grouped together as five tissue

change results (Table 2). In addition, we can predict clinical changes

based on these findings.

F IGURE 12 The distance between the dermis and the muscle layer at the thread insertion site (A) is 2822 and 3675 µm at the control site
(B), showing a 24% drop. Thin, blue!stained fibrous bridging remnants are evident near the foreign body granuloma (arrowhead) (Masson
trichrome stain, magnification 100!)

TABLE 1 Histological findings over time

4 wk 12 wk 24 wk 48 wk

(1) PDO physical change No change No change Fragmentation Not observed

(2) Collagen Loose collagen Dense collagen Thin collagen Thin fibrous capsule

(3) Granulation tissue O O X Foreign body granuloma observed

(4) Lymphocytes, eosinophils Many Few X X

(5) Merging effect O X X X

(6) Fibrous bridging effect X O O O

(7) Myofibroblasts O X X X

(8) Fibroblasts O O X X

(9) Capillary Increased size No data No data No data

(10) Adipocyte change Adipocyte denaturation Adipocyte denaturation Adipocyte denaturation Adipocyte denaturation

TABLE 2 Tissue change results

1. Newly developed fibrous connective tissue

2. Merging with existing fibrous connective tissue

3. Tissue contraction by myofibroblast activity

4. Increased capillary vessel size

5. Reduced fat layer thickness by fat cell denaturation
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The tissue change results provide not only additional information

that has not been reported in previously published studies but also a

theoretical rationale for the PDO thread lifting procedure.

Suh et al3 noted improved skin texture in addition to skin lifting

after mono!PDO threads insertion. This can be explained by the tis-

sue changes found in this study, which demonstrated that newly

developed fibrous connective tissues can stimulate soft tissue rein-

forcement through merging. It is proposed that a minor soft tissue

injury caused by a PDO thread can activate proliferation of myofi-

broblast and enhance skin tightening. Furthermore, it is also

expected that increased circulation via capillary enlargement

improves skin texture and decreased fat volume by adipocyte denat-

uration improves facial contour.

Our study has determined that the thickness of fibrous capsule

decreases over time, while the bridging of fibrous tissues lasts at

least for 1 year. This suggests that fibrous bridging is the key deter-

minant of a long!term effect of PDO thread insertion.

5 | CONCLUSION

The injection of PDO into tissues causes specific changes in the sur-

rounding tissues in addition to the physical effects. These changes

can be organized into five categories. The results of this study can

explain all the positive changes that have been reported in previous

clinical research studies.
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