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Abstract 

 

Validation of a minimally-invasive regeneration technique to improve  

open gingival embrasures using a rat model 

 

Soojin Pi  

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Chooryung J. Chung, D.D.S., Ph.D.) 

 

 

Open gingival embrasure, so called the "black triangle", is one of the unsolved 

dilemmas in esthetic dentistry. Although various techniques were introduced to 

esthetically improve the black triangles in the recent years, the lack of reproducible 

experimental models and clinical trials have prevented the development of successful 

protocols to regenerate or to compensate the loss of the interdental papilla. Therefore, the 

objective of this study was first to develop a reliable animal model of open gingival 

embrasure, and then to validate a non-invasive injection technique using the hyaluronic 

acid (HA) filler to augment the interdental papilla.  
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To reproduce open gingival embrasure in SD (Sprague Dawley) rats, rapid space 

opening was induced between the lower incisors by the attachment of a compression 

spring. The loss of interdental papilla height was morphologically evaluated and 

calculated using standardized serial photographs, microCT and histological sections. 

Afterwards, HA fillers or PBS was locally injected and changes in the interdental papilla 

were evaluated.  

The results were as follows: 

1. Following 7 days of space opening, the margin of the interdental papilla between 

the lower incisors gradually became irregular and flat indicating a condition 

similar to the open gingival embrasure (p<0.05).  

2. Local injection of HA filler induced augmentation effect of the interdental papilla 

compared to the injection of PBS (p<0.05). 

3. Interdental papilla became convex and inner granules containing HA were 

detected within the submucosal layer following its injection. 

Open gingival embrasure was reproduced reliably in vivo. Local injection of HA 

filler was validated as a meaningful minimally-invasive procedure to improve open 

gingival embrasure.  

 

 

 

Keywords: interdental papilla, black triangle, filler, soft tissue augmentation, minimally-

invasive 
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(Directed by Professor Chooryung J. Chung, D.D.S., Ph.D.) 

 

I. INTRODUCTION 

 

Open gingival embrasure due to the loss of interdental papillae, frequently called 

the "black triangle", is considered one of most challenging dilemmas in adult dentistry. 

Not only does it lead to esthetic or cosmetic dissatisfaction, it may also cause phonetic 

problems or lateral food impaction resulting in functional dissatisfaction as well
1-4

. 

To date various treatment modalities were introduced to improve the esthetic 

aspects of the "black triangle"
5-8

. However, surgical procedures such as grafting hard and 

soft tissue or flap surgery are considered invasive, indicate unpredictable outcomes and 

do not guarantee the regeneration of the interdental papilla. 

As a minimally invasive technique to regenerate the interdental papilla, local cell 
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injection strategies were also proposed
9,10

. Based on the soft tissue regeneration and 

augmentation effects of stem cells
11-16

, autologous fibroblast
9
 or bone marrow 

mesenchymal stem cells with hyaluronic acid (HA) scaffolds and platelet rich plasma 

(PRP)
10

 were locally injected within the interdental papilla to decrease open interproximal 

spaces. Although the local injection of these cells indicated clinical effectiveness 

relatively in the short term, additional surgical priming procedures or other surgical 

procedures to harvest the cells were necessary. Moreover, the injected cells were cultured 

and expanded in vitro before its deliver.  

Thus, to overcome the difficulties in the collection and the expansion of cells, 

local injections of hyaluronic acid(HA)-based dermal fillers alone was introduced to 

augment the deficient interdental papillae
17,18

. Hyaluronic acid gel is one of the most 

widely used agents for soft tissue augmentation and regeneration
19

. It is also applied for 

periodontal therapies to control bleeding on probing and pocket depth reduction
20

. 

However, the clinical effectiveness of HA filler injections to augment the interdental 

papillary space are still controversial with some indicating the positive augmentation 

effect
17-19,21,22

, while recent articles indicate no significant augmentation along with 

possible side effects
23,24

. In addition, the intraoral application of commercially available 

dermal fillers is not sufficiently validated. This maybe in part due to the lack of efficient 

preclinical experimental models to evaluate the open gingival embrasure in vivo.  

Therefore, the objectives of this study were to first develop an in vivo model of 

open gingival embrasures and then to validate the effects of minimally invasive HA filler 

injections on the augmentation of the interdental papilla.  
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II. MATERIALS AND METHODS 

 

1. Development of an in vivo rat model for open gingival embrasure  

Nine-week-old female SD rats (Sprague Dawley rats, Orientbio, Seongnam, 

Korea) which were healthy and weighing approximately 230g were used for the study. To 

mimic a condition that resembles open gingival embrasure and to allow adequate 

interdental space to receive local injection, a spring was designed to deliver 50gf of 

lateral compressive force that can induce space opening between the mandibular incisors. 

The spring was fabricated in U shape with 26mm long 0.016" wire (Australian wire, A.J. 

Wilcock, Whittlesea, Australia) and each end of the spring was bent in a loop to enclose 

the lateral surface of the incisor. After anesthesia with an intramuscular injection of a 

mixture of Zoletil 0.1mg/100g with Rompun 0.025mg/100g, an undercut notch was made 

with a high speed bur at the level of the crest of the interdental papilla (Fig. 1A). This 

procedure reinforced retention of the spring and made it possible to locate the spring 

precisely. Each end of the spring was bonded following the long axis of the mandibular 

incisor with light curing bonding material (Transbond
TM

 XT Light Cure Adhesive, 3M 

Unitek, Monrovia, USA) (Fig. 1B, C, D). The animals were randomly divided into 3 

groups; control (n=5), with reference wire attached instead of the spring at the same level; 

sham control (n=5), with inactivated springs attached; and open gingival embrasure group 

(OGE, n=10), with activated springs attached to the incisors. The rats were given 

solid/power feed and free access to purified water. They were kept in an appropriate 
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breeding room with ventilation, air filtration, controlled temperature of 22℃, and 12h 

light-dark cycles. The study was approved by the Animal Care Committee of Yonsei 

University, Seoul, Korea.  

Additional 20 animals were used to validate the effect of HA filler injections on 

the interdental papilla. After 7 days of space opening, 20µl of either PBS (n=10) or HA 

fillers (n=10) was locally injected within the interdental papilla, approximately 5-6mm 

apical from the interdental papilla crest, using a 31G needle. Restylane®  (Q-Med AB, 

Uppsala, Sweden), a non-cohesive (biphasic) and cross-linked HA filler of non-animal 

origin, was used for the study because it was commercially available in an injectable form 

and its effects for dermal augmentation were previously reported
25-27

. The morphological 

changes of the interdental papilla were evaluated after 2 days. 
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Figure 1. Development of an in vivo rat model for open gingival embrasure. 

After making an undercut notch at the level of the interdental papilla (A), a compression 

spring was attached to induce space opening between the lower incisors (B, frontal view). 

The lingual view (C) and the lateral view (D) after spring attachment. Spring-papilla 

distance (SPD, arrow) using clinical photograph. Upper line, the level of spring; lower line, 

the interdental papilla crest (E). Bone-papilla distance (BPD, arrow) using microCT image. 

Upper line, the crest of the interdental papilla; lower line, the alveolar bone crest (F).  
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2. Serial photographic examination 

At Day 0 (after spring attachment), 3, and 7, serial frontal photographs of the 

mandibular incisors were taken with DSLR camera (alpha A300, SONY, Minato, Japan). 

To standardize the photographs, the rats were positioned in a flat supine position, and a 

white background was positioned intraorally touching the lingual side of the incisors with 

a guide ruler that can be used to calibrate the length measurement. A photo was taken 

parallel to the background. The vertical distance measurement from the crest of the 

interdental papilla to the level of the spring (or the reference wire in control) was 

measured and defined as the Spring-Papilla Distance (SPD) (Fig. 1E, arrow). The mean 

change of SPD compared to DAY 0 of each animal was calculated.  

For the animals allocated for local injection of PBS or HA filler, the photographs 

were taken after 7 days of space opening before the injection (Day 0) followed by 2 days 

after the injection (Day 2). The amount of space opening was measured by the interdental 

distance between the mesial sides of the incisors at the interdental papilla level.  

 

3. MicroCT examination  

MicroCT was taken after the animals were sacrificed after 7 days of space 

opening. Mandibular incisors and the surrounding tissue were fixed for 24 hours in 10% 

neutral buffered-formalin. Afterwards, the springs were separated from samples to reduce 

the metal artifact, air-dried for 5 minutes, and the surface of the periodontium was 

covered with barium sulfate (BaSO4, SAMCHUN, Pyungtek, Korea)
 
to reveal soft tissue 
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margins. MicroCT (Skyscan microCT 1076, Skyscan, Aartselaar, Belgium) operating at 

70.0 kV was taken with a camera pixel by 11.8 µm. After image acquisition, the 

reconstructed image was reoriented to the long axis of the incisors using Dataviewer 

(Skyscan, Aartselaar, Belgium)  to measure the vertical changes of the level of 

interdental papilla crest against the alveolar crest
28

. Following images in the bucco-

lingual direction, the longest length from the alveolar bone crest to the interdental 

papillary crest was measured as the Bone-Papilla Distance (BPD) (Fig. 1F, arrow). For 

the comparison of PBS and HA filler injection, micro CT was taken 2 days after the 

injection of PBS or HA filler. 

 

4. Histological examination 

After microCT image acquisition, the samples of the mandibular lower incisors were 

embedded in paraffin blocks. The tissues were sectioned at a thickness of 4 µm in the coronal 

directions followed by staining with hematoxylin and eosin (H&E) or Masson trichrome.  

 

5. Statistical analysis 

To calculate the intra-rater reliability, all measurements were re-measured by the 

same investigator with one month interval. Intra-class correlation coefficient (ICC) for 

the measurements were >0.85 indicating excellent agreement. 

Morphologic changes in the interdental papilla was analyzed by Kruskal–Wallis 

test with the significance level set at 5% (p<0.05). The significance between two 
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independent groups was then confirmed with Bonferroni corrected p-value (p<0.05/3). To 

analyze the difference between the PBS and HA filler groups, Mann–Whitney U test was 

applied with the significance level set at 5% (p<0.05). Statistical analysis was performed 

with SPSS software (IBM SPSS statistics 21, SPSS Inc., Chicago, USA).   
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III. RESULTS 

 

1. In vivo model for open gingival embrasures  

During the experimental period, all animals gradually increased the weight from 

230g to 260g on average with no death and adverse events. In the control, the bonded 

reference wire moved incisally as the tooth erupted during the evaluation period. Around 

day 6 to 7, the incisal tip was completely grinded and the bonded resin was exposed at the 

top. Thus, the distance between the reference wire and the interdental papilla crest 

increased gradually with time. The changes in the morphology of the interdental papilla 

were not noted (Fig. 2A-C). 

In the sham control, the attached spring also moved incisally as tooth erupted. 

However, the speed of its movement was delayed compared to the control group. The 

morphology of the interdental papilla was comparable to the controls throughout the 

evaluation period (Fig. 2D-F). 

In the OGE group, distinct space opening between the incisors was noted 

following spring attachment (Fig. 2G). Along with additional gradual space opening, the 

activation spring also moved incisally similar to the other groups (Fig. 2H, I), but the 

crest of the interdental papilla was blunted and became flat at day 7 (Fig. 2C, F vs. 2I).   
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Figure 2. The flattening of the interdental papilla following space opening.  

Serial photographs at Day 0, 3, 7 after spring attachment for control (A,B,C), sham 

control (D,E,F) and OGE (G,H, I), respectively. Flattening of the interdental papilla was 

noted only for OGE (I vs. C and F). Micro CT images after 7 days for control (J), sham 

control (K) and OGE (L), respectively. OGE, open gingival embrasure. 
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With tooth eruption, SPD gradually increased at an average speed of 

0.68mm/day for the control. For the sham control, SPD increased similar to the control 

until day 3. However, the level of increase in SPD was significantly attenuated afterwards. 

Similar to the control, the OGE group indicated gradual increase of SPD. At day 7, SPD 

of the OGE group as well as the control were significantly higher than the sham control 

(p < 0.05/3) (Fig. 3, Table 1). The BPD was longest in control (Fig. 2J), followed by 

sham control (Fig. 2K) and OGE group (Fig. 2L). BPD was significantly decreased in 

OGE compared to the control. (p< 0.05/3) (Fig. 4, Table 1). 

 

 

Figure 3. Serial changes in SPD during 7 days of space opening.  

SPD was significantly higher in OGE compared to the sham control. OGE, open gingival 

embrasure; SPD, spring-papilla distance. Values are expressed as mean ± standard 

deviation. *:p<0.05/3 
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Figure 4. BPD measurements of 3 groups (control, sham control, and open embrasure 

group).  

BPD was significantly decreased after 7 days in OGE. OGE, open gingival embrasure; 

BPD, bone-papilla distance. Values are expressed as mean ± standard deviation. 
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Table 1. photographic and microCT measurements of control, sham control and OGE 

group. The length means SPD in photograph and BPD in microCT.  

 group n 
The length 

(mean±SD) 
p-value 

Day 0 

SPD 

Control 5 0  

Sham control 5 0  

OGE 10 0  

Day 3 

SPD 

Control 5 2.10±0.42 Control-sham  0.548 

Sham control 5 2.11±0.25 Sham-OGE 0.165 

OGE 10  2.47±1.02 Control-OGE 0.206 

Day7 

SPD 

Control 5 4.74±0.28 Control-sham 0.008** 

Sham control 5 3.28±0.57 Sham-OGE 0.001** 

OGE 10 4.47±0.48 Control-OGE 0.165 

Day7 

BPD 

Control 5 2.36±0.29 Control-sham 0.032 

Sham control 5 1.88±0.27 Sham-OGE 0.019 

OGE 10 1.49±0.24 Control-OGE 0.001** 

*:p<0.05/3 

 

Histologically, OGE indicated wide interdental space with concave and smooth 

interdental papilla surface compared to the control and the sham control. In sham control 

and OGE, fibrosis in submucosal and interdental papillary area along with increased 
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vascularity was noted. Compared to control and sham control, interseptal bone was 

thickened in OGE. There was no histological evidence of inflammation in all 3 groups 

(Fig. 5A-F).  

 

 

Figure 5. Histological changes of the interdental papilla following space opening.  

H&E and Masson trichrome staining after 7 days of space opening for control (A,D), 

sham control (B,E) and OGE (C,F), respectively. OGE, open gingival embrasure; arrow, 

interdental papilla; scale bar = 1mm.  
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2. The augmentation effect of HA filler injections  

Following space opening, significant flattening of the papillary crest and the 

decrease in the level of interproximal papilla was noted, which resembled the clinical 

condition of open gingival embrasure. Thus, we then applied this model to validate the 

augmentation effect of HA filler injection.  

After 7 days of space opening, PBS or HA filler was injected within the 

interdental gingiva. Following the injection, interdental papilla indicated immediate 

visual changes in volume, but it gradually smoothened afterwards. After 2 days, the gross 

morphology of the papillary crest was comparable between the two groups. However, the 

interdental papilla seemed to have expanded volumetrically in the HA filler injection 

group compared to the PBS injection group. The interdental distance was comparable in 

both PBS (3.7±0.43 mm at day 0, 3.8±0.39 mm at day 2) and HA filler (3.7±0.28 mm at 

day 0, 3.8±0.30 mm at day 2) groups (Fig. 6A-D).  

The spring moved incisally as the tooth erupted and SPD increased accordingly 

after 2 days. However, the increase in SPD was significantly attenuated following the 

injection of HA filler compared to the injection of PBS (p<0.05) (Fig. 7). Conversely, 

BPD was significantly increased after the injection of HA filler compared to PBS (p<0.05) 

(Fig. 6E, F and 8).  
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Figure 6. Augmentation of the interdental papilla following local injection of HA filler.  

Serial photographs before (after 7 days of space opening, Day 0) and 2 days after (Day 2) 

the local injection of PBS (A,B) or HA filler (C,D). MicroCT images of the interdental 

papilla 2 days after the injection of PBS (E) or HA filler (F).  
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Figure 7. SPD difference between Day 0 and Day 2. 

The increase of SPD was attenuated following the injection of HA filler. SPD, spring-

papilla distance. Values are expressed as mean ± standard deviation. *:p<0.05 

 

 

Figure 8. BPD measurements in 2 groups (PBS and HA filler group). 

BPD was significantly increased after the injection of HA filler compared to PBS. BPD, 

bone-papilla distance. Values are expressed as mean ± standard deviation. *:p<0.05 
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Table 2. photographic and microCT measurements of PBS and HA filler group. The 

length means SPD in photograph and BPD in microCT. 

mm day group n 
The length 

(mean±SD) 
p-value 

SPD 

Day0 

PBS 10 4.18±0.83 

0.971 

HA filler 10  4.20±0.92 

Day2 

PBS 10 5.40±0.99 

0.105 

HA filler 10 4.80±0.83 

Difference 

(Day2- Day0) 

PBS 10 1.25±0.78 

0.029* 

HA filler 10 0.60±0.25 

BPD Day2 

PBS 10 1.57±0.17 

0.011* 

HA filler 10 1.76±0.11 

*:p<0.05 

 

Histologically, the overall morphology before and 2 days after the injection of 

PBS was in general comparable; the mucosal surface of the interdental papilla was flat 

and concave along with increased vascularity and fibrosis in interseptal space (Fig. 9A, D 

vs. B, E). Following the injection of HA filler, the interdental papilla became convex and 

inner granules containing hyaluronic acid were detected within the submucosal layer. 

Microvascularization was observed surrounding HA fillers in the connective tissue layer 

without evidence of foreign body reaction and inflammation (Fig. 9C, F).  
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Figure 9. The injection of HA filler augmented the interdental papilla.  

Coronal sections of H&E and Masson trichrome staining of after space opening (control; 

A,D), 2 days after PBS injection (B,E) and HA filler injection (C,F). Following the 

injection of HA filler, the interdental papilla became convex and inner granules 

containing hyaluronic acid were detected within the submucosal layer. 

Microvascularization was observed surrounding HA fillers in the connective tissue layer. 

Arrow, interdental papilla; scale bar = 1mm.  
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IV. DISCUSSION 

 

Although various minimally invasive treatment modalities were introduced to 

clinically improve the esthetic aspects of the black triangle, the standard of care for the 

open gingival embrasure is not established. Therefore, we initially developed a 

reproducible in vivo rat model that mimicked the open gingival embrasure and developed 

measurement parameters to validate the morphological and histological changes of the 

interdental papilla.  

By the application of compression springs, the interdental papilla became flat 

and deficient within 7 days, and widened interdental papilla allowed sufficient space for 

local injections of candidate materials. Although direct papillary height measurements 

were attempted using serial photographs, the lack distinct anatomical reference made it 

difficult to calculate the sole changes of the interdental papilla. Therefore, SPD, a relative 

parameter which represents the distance between the precisely leveled spring and the 

papillary crest was measured. SPD can be affected not only by the changes of the 

interdental papilla, but also the natural eruption of the incisors. In the controls, SPD 

indicated a gradual increase during the evaluation period following the natural eruption. 

With the attachment of passive springs as in the sham control, the increase in SPD was 

attenuated. The attenuation of SPD was possibly due to the rigidity of the spring which 

limited/delayed the natural tooth eruption. Although no specific clinical changes in the 

morphology of the papillary crest were noted for the sham control, fibrosis in submucosal 

and interdental papillary area along with increased vascularity was noted possibly due to 
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the changes in mechanical stress on teeth. However, when the spring was activated to 

induce space opening, flattening of the papillary crest became evident. Thus, in the OGE, 

the additional vertical decrease of the papilla height cancelled out the limitation in tooth 

eruption from the spring resulting in gradual increase of SPD. 

These findings along with the direct and final soft tissue changes in the 

morphology of the papilla were confirmed through micro CT with barium application and 

histological evaluation. Tooth movement and changes in occlusion may induce bone 

remodeling
29-32

 and similarly, in OGE interseptal bone was thickened indicating an active 

remodeling of interdental tissue. However, BPD represents the soft tissue thickness of the 

interdental papilla, which was useful when validating the augmentation effects of HA 

filler injections per se.  

In case of human skin, bio-integration of HA dermal fillers showed successful 

immunohistological results with condensation of granules under epidermis
25

. Similarly, 

granules were observed beneath the epidermis after the injection of HA filler to the 

interdental papilla. Although the morphology of the interdental papilla crest was not as 

sharp and pointed in shape as the control, both the coronal and sagittal sections indicated 

convex-shaped enlarged papilla with atypical col following HA filler injections. Concave 

shaped interdental papilla is described as a col, which indicates a depression between two 

peaks. A deep col can increase the difficulty of interproximal cleaning and result in 

periodontal disease or enhance caries of adjacent teeth
33

. Compared to the controls, the 

shape of the interdental papillae following HA filler injection seems advantageous for the 

periodontal health.  
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To date, several clinical studies reported the usefulness of HA filler injection in 

augmenting interdental papilla
17-19,21,22

. HA has been used as anti-inflammatory agent in 

various inflammatory conditions to reduce inflammation and promote wound healing
20

. 

However, its positive effectiveness in the deficient interdental papilla is still controversial. 

Unlike the previous reports
17-19,21,22

, change in the papillary height was not noted after the 

local injection of HA fillers in a recent clinical trial
24

. Moreover, two patients suffered 

from side effects such as swelling, extreme tenderness with burning sensation on the lip 

after the local injection of the interdental papilla
23

. The chemical structure of HA is the 

same across all species and the potential for immunologic reactions are considered 

negligible
34

. While the precise risks of HA filler injections are yet to be determined, the 

possibly cause of the side effects are proposed as external vascular compression and 

partial occlusion of neighboring blood vessels
23,24

. 

The contrasting augmentation effects of the HA fillers may be due to the 

differences in the characteristics of the applied HA filler, viscoelastic and hygroscopic 

features; the differences in the injection protocols such as the injection site and volume; 

the host factor such as age, ethnicity; along with limitations in the standardization of the 

evaluation parameters. Therefore, to further validate the augmentation effects and to 

establish proper guidelines for the injections of HA fillers including the considerations of 

risk factors, pre-clinical studies with reproducible in vivo model seem inevitable.   

To our knowledge, not many have proposed an animal model that mimics the 

loss of interdental papilla. To reproduce a similar condition, our idea was to induce rapid 

space opening by non-physiologic tooth movement with the modified application of an 
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orthodontic spring. Although a canine model can also be a favorable model to evaluate 

the periodontium, various tooth movement models and appliances/devices are well-

established in small animals such as rats due to its practical advantages which facilitates 

the use of large samples
35

. The loss of interdental papilla was reliably reproduced by 

space opening in our model, but reversely, tight tooth contact was lost afterwards when 

papillary augmentation is attempted and only the short-term effects were validated due to 

the natural eruption of the incisors. Thus, for further evaluation in the long term, 

modifications to establish tight tooth contact should be considered to overcome this 

shortcoming. Furthermore, precise histological evaluations are mandatory to rule of the 

possible side effects of intra-oral HA filler injections along with the establishment of 3 

dimensional parameters to monitor the clinical changes of the interdental papilla.  
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V. CONCLUSION 

 

Open gingival embrasure was successfully reproduced in rats by non-

physiologic rapid space opening between the lower incisors. Local injection of HA fillers 

may be proposed as a meaningful minimally-invasive procedure to improve the open 

gingival embrasures.  
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국문요약 

 

치간유두 퇴축 및 재생모델의 개발 

 

< 지도교수 정주령 > 

연세대학교 대학원 치의학과 

피 수 진 

 

치간유두 퇴축 및 이에 따른 치간 치간공극(black triangle)은 전치부 심

미성에 영향을 끼치는 중요한 요소 중 하나이므로 이를 개선하기 위한 다양한 

임상 술식이 보고되고 있다. 하지만, 치간유두 퇴축 및 재생을 연구할 수 있는 

실험/동물 모델의 부재로 이러한 술식의 유효성 및 재현성은 검증이 어려울 

뿐 아니라, 임상적으로도 표준화된 치료법이 도입되지 못 하고 있는 것이 현

실이다. 따라서 본 연구에서는 치간유두 퇴축 및 치간공극을 재현할수 있는 

동물 모델을 개발하고, 이를 이용하여 최근 제안되고 있는 비침습적인 히알루

론산 필러 (hyaluronic acid filler, HA filler)의 주입에 따른 치간유두의 증강 효과

를 검증하고자 하였다.  

먼저 치간공극을 재현하기 위해, 백서의 하악 전치부에 압축스프링을 

부착하고 두 치아 사이의 급속한 공간 확장을 유도하였다. 그 결과 치간유두
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의 퇴축이 형태학적으로 관찰되었고 이는 표준화된 일련의 사진, 마이크로 씨

티, 그리고 조직학적 분석을 통해 평가되었다. 이후에 HA filler 혹은 인산완충

생리식염수 (PBS)를 국소적으로 주입하여 다시 치간유두의 변화 양상을 비교

관찰하였다. 그 결과는 다음과 같다.  

1. 7일간의 하악 전치간 급속한 확장을 통해 하악전치 사이의 치간유두는 

점차 불규칙적으로 편평한 모양새를 보였고 이는 치간유두 퇴축의 일

반적인 양상과 유사하였다 (p<0.05/3). 

2. HA filler 또는 PBS 를 하악 전치의 치간 유두 하방에 국소적인 주입을 

시행하여 비교한 결과, 치간유두의 증강 효과는 HA filler 주입 시 PBS 

보다 유의하게 높았다 (p<0.05). 

3. HA filler 의 국소 주입 후 HA를 포함한 내부 과립들은 치간유두 조직

의 점막하층에서 관찰되었다.  

본 연구를 통해 치간유두 퇴축 및 치간공극을 재현하기 위한 동물 모

델을 성공적으로 개발하였다. 또한 이를 통해 HA filler의 국소적인 주입은 치

간공극을 개선하기 위한 최소침습적 방법으로 응용할 수 있을 것으로 확인하

였다. 

 

 

 

핵심되는 말: 치간유두 퇴축, 치간공극, 필러, 연조직 증강, 최소침습적 


