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ABSTRACT 

Soft tissues are important for aesthetic consid- 
erations in implant therapy. The purpose of this 
study was to investigate soft tissue augmenta- 
tion by using porous poly-DL-lactic acid (PDLLA) 
shaped as a tablet, with a diameter of 5.0 mm 
and a height of 2.0 mm. Porous PDLLA was im- 
planted between the periosteal and epithelial 
tissues in 25 rats that were sacrificed at 1, 2, 4, 
12, and 24 weeks. The average height of the 
PDLLA scaffolds at approximately 24 weeks was 
1.85 ± 0.08 mm, and the molecular weight de- 
creased with time. Sinusoidal capillaries at 1 
week, connective tissues at 4 weeks, and ne- 
crotic tissues at 24 weeks were observed more 
than other periods. At 24 weeks, the connective 
tissue surviving in the pores was confirmed to 
contain blood vessels; therefore, blood vessels 
are considered to be critical for the survival of 
soft tissue in scaffold pores. In this study, 
PDLLA was found to be useful for soft tissue 
augmentation in the long term. Although the 
molecular weight of PDLLA decreased with time, 
the height of the PDLLA scaffolds was pre- 
served. The connective tissue surviving in the 
pores of the scaffolds at 24 weeks were associ- 
ated with blood vessels. Further studies are 
necessary to investigate the optimal scaffold 
shape and surface characteristics to improve 
the penetration of blood vessels. 
 
Keywords: Poly-DL-Lactic Acid (PDLLA); Soft  
Tissue Augmentation; Biodegradation; Porous; 
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1. INTRODUCTION 

Tissue engineering for dental implant therapy pri- 

marily relies on bone regeneration as dental implants are 
inserted into bone [1]. However, for the prognosis of 
implant therapy, soft tissues such as gingiva are as im- 
portant as hard tissues such as the bone. Additionally, 
bone resorption is a critical factor for maintaining the 
gingival margin line to achieve aesthetic success. In the 
case of anterior implant therapy, black triangles often 
appear at the interdental papilla, and in the absence of 
sufficient soft tissue, plaque and bacteria can easily ad- 
here to implants, particularly because the complicated 
shape and rough surface of implants complicate removal 
of plaque and bacteria [2]. Patients who receive implant 
therapy often have insufficient soft tissue volume. There- 
fore, soft tissue augmentation, particularly around dental 
implants, is an important concern. 

Soft tissue augmentation is usually performed using 
autogenous materials through connective tissue grafts 
(CTGs) [3]. Harvesting in the case of CTGs is complex 
because the operator treats the donor sites and thus re- 
quires additional chair time. Not all patients will have 
sufficient connective tissue for grafting, and even if they 
have sufficient tissue, the CTG is absorbed to 76% of its 
original size during the transplantation operation and 
over time [4]. Preparation of repair materials prior to the 
operation may solve this problem. Regarding autogenous 
materials, McGuire reported a living tissue-engineered 
human fibroblast-derived dermal substitute [5]. The 
method, however, used for preparing this construct is 
complex and requires time and resources. Gao [6] re- 
ported that allogeneic materials are derived from animal 
tissue, e.g., bovine or porcine tissue. However, even 
when allogeneic materials are completely sterilized, they 
present the risk of causing unknown disorders [7]. The 
use of synthetic materials may resolve these problems. 
Wei et al. [8] reported the preparation of scaffolds from 
biocompatible and porous PLLA, PDLLA, and PLGA 
materials. Porous PLLA has been studied for the recon-
struction of nerves and blood vessels [9,10]. However, 
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no reports have addressed soft tissue augmentation and 
reconstruction. 

The aims of the present study were to investigate syn- 
thetic, biocompatible, and porous PDLLA for soft tissue 
augmentation. 

2. MATERIALS AND METHODS 

2.1. Materials 

Porous pure PDLLA (D/L = 50/50 mol%; porosity 
calculated from apparent density, 70%; pore diameter, 40 
- 400 μm) was provided by Takiron (Hyogo, Japan) 
(Figure 1) and was shaped as a tablet with a diameter of 
5.0 mm and a height of 2.0 mm. The molecular weight 
(Mw) of the PDLLA was 130.9 kDa. 

2.2. Animals 

In these experiments, twenty-five 8-week-old male 
Wistar/ST rats were used. The animals were kept under 
standard housing conditions and allowed ad libitum ac- 
cess to water and a standard dry diet. The 25 rats were 
divided into 5 groups containing 5 rats each, based on the 
time points of 1, 2, 4, 12, and 24 weeks. 

The rearing of animals and animal experiments were 
performed at the Institute of Laboratory Animals and 
were conducted in accordance with the guidelines for 
animal experimentation at Tokyo Medical and Dental 
University (approval no.0110231B). Anesthesia was in- 
duced using inhaled diethyl ether and then maintained by 
intramuscular administration of ketamine hydrochloride 
(1.64 ml/kg body weight) and celactal (0.36 ml/kg body 
weight). After skin incision, the panniculus between the 
epithelium and periosteum was exfoliated via blunt dis- 
section. A PDLLA scaffold was placed onto the perio- 
steum, and the 4 corners of the scaffold were fixed using 
5/0 nylon sutures (SOFTRETCH, GC, Tokyo, Japan) 
(Figures 2 and 3). Two scaffolds were placed for 3 rats 
in each of the 4-week, 12-week, and 24-week groups, 
where one scaffold was fixed with nylon sutures and the 
other was not. All skin incisions were closed using 4/0 
nylon sutures. 

The animals were killed at 1, 2, 4, 12, and 24 weeks 
after surgery by an overdose of pentobarbital-natrium. 
The scaffolds were removed together with the cranial 
bone and surrounding tissues. The other scaffolds that 
were not fixed with nylon sutures were removed with the 
surrounding tissue. All samples were fixed with 10% 
formalin solution. Five samples from each group were 
embedded in paraffin for H & E staining. Other samples, 
which were not fixed with nylon sutures, were used for 
measurement of molecular weight. 

2.3. Measurement of Scaffold Height 

The height of the scaffold was measured to evaluate  

 

(a) (b) 

(c) (d) 

 

Figure 1. (a) Upper view of porous PDLLA (diameter = 5.0 
mm). (b) Bird view of the material. (c) Side view of the mate- 
rial (height = 2.0 mm). (d) SEM image of the cross section 
obtained on cutting with the microtome. 
 

 

Figure 2. The material was fixed at 
the 4 corners with 5/0 nylon sutures. 

 

 

Figure 3. The material immediately after the operation (pattern 
diagram). 
 
the preservation of the scaffolds. When the animals were 
sacrificed, the scaffolds were measured with digital cali- 
pers to determine their height. The height was provided 
for the line from the top position with more than two- 
third of the former material’s diameter to the lower base. 

2.4. Measurement of Molecular Weight 

When the rats were sacrificed, the samples that were 
not fixed with nylon sutures were used for the measure- 
ment of molecular weight over time by using gel per- 
meation chromatography (GPC; HLC-8320GPC; Tosoh 
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Corporation, Japan). 

2.5. Histological Analyses 

The connective tissue area, sinusoidal capillaries, and 
necrotic tissue were measured to evaluate the replace- 
ment of the scaffold with connective tissue (Image J 
software) (Figure 4). The diameter of the connective 
tissue was measured in 5 slides at 24 weeks. Connective 
tissue that was narrow in the middle or that existed 
around the PDLLA was measured by dividing by the 
minimal width (Image J software 1.46 r, National Insti- 
tutes of Health, USA). 

2.6. Statistical Analysis 

The values have been expressed as mean ± standard 
deviation values. Statistical analysis was performed by 
one-way analysis of variance (ANOVA) and Tukey’s 
HSD test or the Games-Howell test, if necessary, by us- 
ing the SPSS software for Windows (PASW Statistics 
18.0; SPSS Inc., Japan). 

3. RESULTS 

3.1. Measurement of Scaffold Height 

The scaffold height was measured (Figure 5), and 
some of the values were at least 2.00 mm because the 
samples included tissues on the top of the scaffold. Sig- 
nificant differences were observed between the height at 
24 weeks and those at 1, 2, and 4 weeks (p < 0.05). 

3.2. Measurement of Molecular Weight 

The molecular weight was measured (Tables 1 and 2), 
and significant differences were observed over time (p < 
0.05). 

3.3. Histological Analyses 

PDLLA was not observed on the slides because it was 
dissolved by organic solvents such as xylene that were 
used during paraffin embedding. However, the volume 
and shape of the tissue in the scaffold pores were main-  
 

 

Figure 4. The left figure shows an unprocessed image. The 
right figure has been processed by drawing lines along the lines 
of each tissue, (1) connective tissue, (2) sinusoidal capillary, 
and (3) necrotic tissue by using the Image J software. 

 

Figure 5. The material height was measured with 
digital calipers. There were significant differences be-
tween the values obtained at 24 weeks and those ob-
tained at 1, 2 and 4 weeks. 

 
Table 1. Results for molecular weight of scaffold. 

Week (s) 0 4 12 24 

Mean ± S.D. (kDa) 220.3 ± 1.58 181.9 ± 1.01 106.4 66.5 ± 8.25

 
Table 2. Results of the retention rate of molecular weight. 

Weeks 0 4 12 24 

0     

4 *    

12 * *   

24 * * *  

 
tained. Therefore, we assumed that the blank areas on the 
slides had been occupied by the scaffolds. 

The areas of different types of tissue were measured at 
each time point (Figure 6). Many sinusoidal capillaries 
were observed at 1 week. At 4 weeks, much more con- 
nective tissue was observed. At 12 weeks, the amount of 
necrotic tissue increased. 

At 1 week, the shape of the scaffold had not changed 
(Figure 7(a)). Many sinusoidal capillaries that contained 
endothelial cells and erythrocytes were observed. Imma- 
ture connective tissue was also observed (Figures 7(b)- 
(d)). Inflammatory cells were observed in the connective 
tissue that existed around the PDLLA (Figure 7(a)). At 2 
weeks, the shape of the scaffold had not changed (Figure 
8(a)). Many sinusoidal capillaries and connective tissues 
were observed, and the connective tissue was immature 
(Figure 8(b)). At 4 weeks, the shape of the scaffold had 
not changed (Figure 9(a)). More connective tissue was 
observed in the pores at 4 weeks than at 2 weeks, and the 
connective tissue had matured (Figure 9(b)). At 12 
weeks, the shape of the scaffold had not changed (Figure 
10(a)). The amount of connective tissue had decreased, 
whereas the amount of necrotic tissue had increased; 
onnective tissue without blood vessels had combined  c 
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Figure 6. Areas of connective tissue, sinusoidal capillaries, and necrotic tissue measured at 
different time points. 

 
 

(a) 

(c) (d) 

(b) 

 

 

(a) (b  

Figure 9. Image of a hematoxylin and eosin-stained paraffin- 
embedded section at 4 weeks. (a) The shape did not change. 
Connective tissues increased (bar, 500 μm). (b) Connective 
tissues were mature (bar, 50 μm). 
 
 (a) (b

 

Figure 7. Image of a hematoxylin and eosin-stained paraffin- 
embedded section at 1 week. (a) The shape did not change. The 
black arrow indicates inflammatory cells (bar, 500 μm). (b), (c), 
(d) The connective tissues were immature (bar, 50 μm). 
 
 (a) (b) 

 

Figure 10. Image of a hematoxylin and eosin-stained paraffin- 
embedded section at 12 weeks. (a) The shape did not change 
(bar, 500 μm). (b) Connective tissues without blood vessels 
were observed with necrotic tissues (bar, 30 μm). 
 
 (a) (b) 

 

Figure 8. Image of a hematoxylin and eosin-stained paraffin- 
embedded section at 2 weeks. (a) The shape did not change (bar, 
500 μm). (b) Connective tissue with sinusoidal capillary (bar, 
50 μm). 
 
with necrotic tissue (Figure 10(b)). At 24 weeks, the 
corners of the top part of the scaffolds had been resorbed 
(Figure 11(a)). The connective tissue that survived in the 
pores contained blood vessels and was more mature 
(Figure 11(b)). 

Figure 11. Image of a hematoxylin and eosin-stained paraffin- 
embedded section at 24 weeks. (a) The shape did not change 
(bar, 500 μm). (b) Connective tissues with blood vessels (bar, 
30 μm). 
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4. DISCUSSION 

Soft tissue augmentation and reconstruction are 
performed at gingival recession sites. Such operations 
should be minimally invasive, should not require donor 
sites, and should be rapid. The materials used in such 
procedures should be biocompatible, nontoxic, and 
morphologically stable.  

PDLLA has been applied in a variety of medical fields 
in shapes such as lines, membranes, and screws. Screw 
shapes have been applied to fix fractured bones [11]. 
Some in vivo, in vitro, and clinical reports have 
suggested good biocompatibility and lack of toxicity for 
PDLLA [12-16]. In this study, inflammatory cells were 
observed at 1 week as a result of the invasive surgery but 
were not observed subsequently. Therefore, the results 
suggest that PDLLA is biocompatible and nontoxic. 

It has suggested that eventual resorption of the graft is 
a drawback of CTG transplantation. Borghetti et al. 
reported that 76% of the graft was resorbed [4], which is 
highly unfavorable for aesthetic improvement. In this 
study, the scaffolds were measured using a digital caliper. 
The scaffold height at 24 weeks showed an average 
decrease of approximately 0.17 mm. In this study, the 
methods of measured and subject of research were not 
adaptable with CTG graft transplantation. However, the 
scaffold materials obviously maintained their morpho- 
logical features longer than the CTGs described in the 
literature. 

The scaffold materials primarily achieved attachment 
of cells through exposure to blood and tissue fluid, 
followed by formation of sinusoidal capillaries. Sinu- 
soidal capillaries have been observed in the liver and 
bone marrow, which contain various endothelial cells and 
blood constituents, and are thus important for bio- 
compatibility, nutritional supply, and metabolism. The 
scaffolds responded to biological encapsulation by con- 
nective tissues [17]. Encapsulation caused the materials 
to be more stable, but it also prevented sinusoidal ca- 
pillaries from entering and exiting the scaffolds and 
blocked the nutritional supply and metabolism of en- 
grafted tissue. The encapsulation process thus de- 
creased the amount of immature connective tissue and 
sinusoidal capillaries, which then changed to necrotic 
tissue. At 12 weeks, connective tissues with necrotic 
tissues were observed, which suggests that immature 
connective tissue developed without blood vessels. At 24 
weeks, connective tissues with blood vessels were ob- 
served, and these tissues were more mature. Thus, the 
porous materials generated from PDLLA were initially 
biocompatible; however, encapsulation subsequently caused 
a decrease in immature connective tissue in the pores via 
necrosis. The tissue around the scaffolds was not affected 
by the necrotic tissue because the encapsulating tissue 
was robust connective tissue [17], and the tissue around 

the scaffolds did not show infiltration of inflammatory 
cells at 12 and 24 weeks.  

At 24 weeks, the connective tissue in the pores had 
decreased but it was mature and stabilized, which sug- 
gests that it could survive in the pores indefinitely. The 
connective tissue clearly contained or was surrounded by 
blood vessels, and connective tissue without blood ves- 
sels was not observed. Blood vessels are critical for cel- 
lular nutritional supply and metabolism. Therefore, the 
penetration of blood vessels is likely necessary to in- 
crease and maintain the connective tissue in the pores. 

5. CONCLUSION 

In this study, PDLLA was found to be useful for soft 
tissue augmentation in the long term. Although the mo- 
lecular weight of PDLLA decreased with time, the height 
of the PDLLA scaffolds was preserved. The connective 
tissue surviving in the pores of the scaffolds at 24 weeks 
were associated with blood vessels. Further studies are 
necessary to investigate the optimal scaffold shape and 
surface characteristics to improve the penetration of 
blood vessels. 
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