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Purpose: This clinical study aimed to evaluate the long-term efficacy of reconstruction of the gingival

interdental papilla via injection of hyaluronic acid gel.

Materials andMethods: Eight female participants with Class I or II gingival papilla loss in anterior sites

were included in this study. The gingival biotype was evaluated previously. Hyaluronic acid gel was in-

jected into the base of the deficient papilla, which was repeated twice at 3 and 6 weeks after the initial

injection. The height of the gingival papilla and the area of papilla loss were examined on clinical photo-

graphs before treatment and 3, 6, and 12 months after treatment. The data were tested for a normal distri-

bution and analyzed by the Wilcoxon signed rank test. P < .05 was considered significant.

Results: The height of the gingival papilla increased 0.311, 0.45, and 0.4 mm from baseline at 3, 6, and

12 months, respectively, after treatment (P < .05), whereas the area of the black triangle was reduced by

0.31, 0.41, and 0.36 mm2 at the same time points (P < .05). In addition, patients with a thick gingival
biotype showed a better effect of treatment on the increase in the height of the gingival papilla and

decrease in the area of the black triangle.

Conclusions: Our study verified a remarkable effect of hyaluronic acid gel injection in restoring the defi-

cient gingival papilla of the natural teeth, especially in patients with a thick gingival biotype.
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The interdental papilla, especially in the anterior denti-

tion, is an important part of smile esthetics. Loss of the

interdental papilla will lead to the formation of a black

triangle, which also contributes to food impaction and

plaque accumulation. Furthermore, it negatively af-
fects the health of the periodontal tissue. One study

showed that the gingival black triangle arose in 15%

of adolescent patients who underwent orthodontic
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therapy for maxillary anterior teeth crowding.1 Den

Hartog et al2 reported that 30% of implant crown cases

had the complication of the gingival black triangle.

How to reconstruct the missing interdental papilla

has become 1 of the most important issues for
clinicians.

There are currently many treatment options for the

gingival black triangle, including orthodontic or
Stomatology; and National Clinical Research Center of

Stomatology, Shanghai, China.

This study was supported by the National Natural Science Foun-

dation of China (NO81570977).

Conflict of Interest Disclosures: None of the authors have any

relevant financial relationship(s) with a commercial interest.

Address correspondence and reprint requests to Dr Li: Ninth Peo-

ple’s Hospital, Shanghai Jiao Tong University School of Medicine,

639 Zhizao Ju Road, Shanghai 200011, China; e-mail: chaolunli@

126.com

Received May 30 2019

Accepted June 29 2019

� 2019 American Association of Oral and Maxillofacial Surgeons

0278-2391/19/30821-3

https://doi.org/10.1016/j.joms.2019.06.190

mailto:chaolunli@126.com
mailto:chaolunli@126.com
https://doi.org/10.1016/j.joms.2019.06.190


FIGURE 1. Clinical photograph of evaluation of gingival biotype.
The thick gingival biotype is present, without the periodontal probe
shining through the gingiva.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.

FIGURE 3. Method used to measure height of gingival papilla and
area of black triangle. Points A and B represent the top of the adja-
cent tooth’s crown, and point C represents the top of the gingival
papilla. Line CD is perpendicular to line AB. The length of line CD
is the height of the deficient gingival papilla. The black triangle is
marked with the blue lines.
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Table 1. PATIENT CHARACTERISTICS AND HYAL-
URONIC ACID GEL INJECTION SITE

Patient

No. Site

Age,

yr Gender Jaw Class

Gingival

Biotype

1 1 36 Female Max I Thick

1 2 36 Female Max I Thick

2 EFFICACY EVALUATION OF HYALURONIC ACID GEL FOR GINGIVAL PAPILLA DEFECTS
restorative intervention and periodontal surgery. Or-

thodontic treatment could help the divergent roots

to converge, change the length of embrasure, and

close a diastema between the teeth to generate the

gingival papilla.3 Restorative intervention will alter

the crown form or change the position of the contact

point to reduce the black triangle.3 Nevertheless, both

methods are time-consuming and are only efficient for
certain patients. Some case studies showed that the

interdental papilla could be reconstructed with an un-

derlying subepithelial connective tissue graft.4 Howev-

er, because of the low blood supply and the anatomic

restriction of the gingival papilla, the result is un-

predictable.
FIGURE 2. Clinical photograph of evaluation of gingival biotype.
The thin gingival biotype is present, with the periodontal probe
shining through the gingiva.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
Recently, some cases of reconstruction of the inter-

dental papilla at the implant-supported crownornatural

teethwith the injection of hyaluronic acid gel have been
1 3 36 Female Max II Thick

1 4 36 Female Max I Thick

2 5 29 Female Max I Thin

2 6 29 Female Max II Thin

3 7 49 Female Max II Thick

3 8 49 Female Max I Thick

3 9 49 Female Max I Thick

3 10 49 Female Max I Thick

3 11 49 Female Max I Thick

4 12 28 Female Mand II Thin

4 13 28 Female Mand II Thin

5 14 31 Female Mand I Thick

5 15 31 Female Mand I Thick

5 16 31 Female Mand I Thick

6 17 60 Female Max II Thin

6 18 60 Female Max II Thin

7 19 48 Female Max II Thick

7 20 48 Female Max II Thick

8 21 52 Female Max II Thin

8 22 52 Female Max II Thin

Abbreviations: Mand, mandible; Max, maxilla.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.



FIGURE 4. After the injection, the tissue becomes white, and the
color typically returns within 10 minutes. Bleeding can be expected
at some injection sites. No noticeable increase in the height or vol-
ume of the gingival papilla was observed immediately after injec-
tion.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
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reported. Becker et al5 reported a study including 14

sites (4 teeth and 10 implants), of which 3 had 100%

improvement and 8 had from 88 to 97% improvement.

Lee et al6 reported on 10 patients with 43 sites in the

maxillary anterior region treated with hyaluronic acid.

Of these sites, 29 had complete interdental papilla
reconstruction and 14 had from 39 to 96% improve-

ment. However, Bertl et al7 drew the opposite conclu-

sion that injection of hyaluronic acid did not increase

any clinically conspicuous volume of the deficient

papilla of the maxillary anterior implant-supported

crowns. A literature review showed that the results of

gingival papilla improvement differ because of the

diverse injectionmethods and cycles, the lack of unified
patient inclusion criteria, and inadequate follow-up

time. In addition, the gingival biotype may affect the

result of the deficient gingival papilla treatment but

was not described in detail in those studies.

We need more long-term data and detailed informa-

tion to evaluate the treatment effect and screen the indi-

cations for reconstruction of the gingival papilla via

injection of hyaluronic acid gel and to lay a foundation
for further optimization of the injection method, the
Table 2. COMPARISON OF HEIGHT OF GINGIVAL PAPILLA A

Height of Gingival

Papilla, mm

Difference in

Height After

Treatment, mm

Z

Value for

Height

P

Value fo

Heigh

Baseline 2.90 � 1.30

3 mo 3.21 � 1.20 0.311 � 0.51 �2.435 .015

6 mo 3.35 � 1.11 0.45 � 0.5 �3.25 .001

12 mo 3.30 � 1.11 0.4 � 0.52 �2.841 .004

Note: Data are presented as mean � standard deviation. P < .05 is

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for Gingiva
dosage, and the course of treatment. Our study is the

first to perform follow-up for 1 year and evaluate, at 3,

6, and 12 months, the effect of reconstruction of the

interdental papilla with hyaluronic acid gel, as well as

to describe the role of the gingival biotype in

this treatment.

Materials and Methods

The study received approval from the Shanghai

Ninth People’s Hospital Human Studies Ethics Com-
mittee before its start (No. 2016-229-T178).

STUDY POPULATION

Volunteers were recruited from the patients treated

in the Shanghai Ninth People’s Hospital. The inclusion

criteriawere as follows: 1) adults (aged 20 to 60 years),

2) no systemic disease, 3) good oral hygiene (full-

mouth plaque score < 20%), 4) at least 1 site of inter-

dental papilla loss (Class I or II)8 in the anterior maxilla
or mandible, and 5) healthy periodontal tissue or

inflammation that was controlled. The exclusion

criteria were as follows: 1) a fixed prosthesis or carries

on the study teeth, 2) no contact point on the study

teeth, 3) a history of an allergic reaction to the inject-

able filler, 4) periodontal surgery in the past 6 months,

and 5) regular medication intake affecting the gingival

metabolism. All participants whose data were used in
the study were informed of the detailed study proced-

ure. They were required to provide a signed informed

consent form in advance of any intervention.

STUDY PROCEDURES

All participants were required to follow good oral hy-

giene habits. When necessary, some would undergo ul-

trasonic supragingival scaling to control the

inflammation of the gingiva. Ahead of the injection,
the gingival biotypewas evaluated.We used themethod

introduced by Kan et al9 to place the probe in the facial

sulcus and determine whether the gingiva was thick or

thin by observation of the periodontal probe shining

through the gingiva (Figs 1, 2). Then, a standardized
ND AREA OF BLACK TRIANGLE

r

t

Area of Black

Triangle, mm2

Difference in Area

After Treatment,

mm2
Z Value

for Area

P Value

for Area

1.355 � 0.779

1.043 � 0.748 �0.31 � 0.46 �2.76 .006

0.994 � 0.739 �0.41 � 0.56 �3.085 .002

1 � 0.831 �0.355 � 0.565 �2.451 .014

considered statistically significant.

l Papilla Defects. J Oral Maxillofac Surg 2019.



FIGURE5. Clinical photograph of representative case treated with
injection of hyaluronic acid gel. A deficient gingival papilla
between the right lateral incisor and the right canine treated with
hyaluronic acid gel injection is shown at baseline.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.

FIGURE 7. A deficient gingival papilla between the right lateral
incisor and the right canine treated with hyaluronic acid gel injec-
tion is shown after 6 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
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clinical photograph was taken with a Canon EOS5D
Mark III digital camera (Canon, Tokyo, Japan). The

magnification ratio was 1:1, and the fixed distance was

10 cm. The camera lens was perpendicular to the

neighboring teeth. The camera and the patient’s

Frankfurt horizontal plane should be checked to

ensure they are parallel to the ground. During the

photo shoot, an intraoral scale calibration device

was used.
INJECTION

The patients first received local infiltration anes-
thesia (containing 1:100,000 epinephrine) with 4%
FIGURE 6. A deficient gingival papilla between the right lateral
incisor and the right canine treated with hyaluronic acid gel injec-
tion is shown after 3 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
articaine. Then, an injection of the hyaluronic acid
gel (Qi Sheng Biological Agent, Shanghai, China) was

administered at the base of the deficient papilla. Every

site received 0.05 to 0.1 mL of 16 mg/mL hyaluronic

acid gel. Two additional injections were performed

3 weeks and 6 weeks after the initial injection with

the same procedure and volume.

MORPHOMETRIC ANALYSIS OF IMAGES

Measurement of the height of the gingival papilla and

the area of papilla loss was carried out by clinical
FIGURE 8. A deficient gingival papilla between the right lateral
incisor and the right canine treated with hyaluronic acid gel injec-
tion is shown after 12 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.



FIGURE9. Clinical photograph of representative case treated with
injection of hyaluronic acid gel. A deficient gingival papilla
between the left incisor and the left lateral incisor treated with hyal-
uronic acid gel injection is shown at baseline.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.

FIGURE 11. A deficient gingival papilla between the left incisor
and the left lateral incisor treated with hyaluronic acid gel injection
is shown after 6 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
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photography with Digimizer software (version 4.2;

MedCalc Software, Oostende, Belgium). The photo-

graphswere imported into the software. By measuring

the size, in pixels, of the calibration device on the pho-

tographs, the pixels could be converted to a physical

length. Then, we marked points on the image and

measured them. As shown in Figure 3, points A and B

represented the top of the adjacent tooth’s crown
and point C represented the top of the gingival papilla.

First, we connected points A and B. Then, we drew a

lineperpendicular to lineAB throughpoint C that inter-

sected line AB at point D. The length of line CDwas the
FIGURE 10. A deficient gingival papilla between the left incisor
and the left lateral incisor treated with hyaluronic acid gel injection
is shown after 3 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
height of the deficient gingival papilla. The black trian-

gle was marked with a blue line, and the area was then

calculated with the software. The adjacent crown was

also marked and calculated to evaluate the reproduc-

ibility of the measurements. Two examiners repeated

the measurements once, and the mean of the measure-

ments was regarded as the final result.
DATA ANALYSIS

The data from the individual deficient papilla

were regarded as a unit of the analysis. Descriptive

statistics were calculated and described as the
FIGURE 12. A deficient gingival papilla between the left incisor
and the left lateral incisor treated with hyaluronic acid gel injection
is shown after 12 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.



FIGURE 13. Clinical photograph of representative case treated
with injection of hyaluronic acid gel. A deficient gingival papilla
between the right lateral incisor and the right canine treated with
hyaluronic acid gel injection is shown at baseline.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
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FIGURE 15. A deficient gingival papilla between the right lateral
incisor and the right canine treated with hyaluronic acid gel injec-
tion is shown after 6 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
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mean � standard deviation. Then, the data were

tested to determine whether they were normally

distributed. We found they lacked a normal distribu-

tion. The Wilcoxon signed rank test was adopted.

The data analysis was performed with SPSS software
(version 19.0; IBM, Armonk, NY), and P < .05 was

considered significant.
Results

Eight female participants were included in the study

and finished all the procedures and appointments. The
average age was 41.6 years (range, 28 to 60 years).

These 8 participants had 22 anterior sites (17maxillary

and 5 mandibular) with gingival papilla loss that were
FIGURE 14. A deficient gingival papilla between the right lateral
incisor and the right canine treated with hyaluronic acid gel injec-
tion is shown after 3 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
subjected to the study procedure. Of these sites, 11
were classified as Class I and 11were classified as Class

II; 14 sites were evaluated as having a thick gingival

biotype, whereas 8 sites were classified as having a

thin gingival biotype (Table 1).

After injection of hyaluronic acid gel at the site, the

tissue became white because of the increased local

pressure, and the color typically recovered after 10 mi-

nutes. Bleeding can be expected at some injection
sites; this was managed by application of pressure on

the wound. No adverse reactions were reported by

the participants during the follow-up period. A notice-

able increase in the height or volume of the gingival
FIGURE 16. A deficient gingival papilla between the right lateral
incisor and the right canine treated with hyaluronic acid gel injec-
tion is shown after 12 months.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for
Gingival Papilla Defects. J Oral Maxillofac Surg 2019.



Table 3. COMPARISONOF CLINICAL PARAMETERS FOR THICKGINGIVAL BIOTYPE AT BASELINE ANDAFTER 3, 6, AND
12 MONTHS

Height of Gingival

Papilla, mm

Difference in

Height After

Treatment, mm

Z

Value for

Height

P

Value for

Height

Area of Black

Triangle, mm2

Difference in Area

After Treatment,

mm2
Z Value

for Area

P Value

for Area

Baseline 2.78 � 1.40 1.503 � 0.82

3 mo 3.27 � 1.29 0.48 � 0.54 �2.291 .022 1.096 � 0.75 �0.41 � 0.50 �2.669 .008

6 mo 3.40 � 1.26 0.61 � 0.50 �3.045 .002 0.96 � 0.72 �0.54 � 0.60 �2.857 .004

12 mo 3.23 � 1.27 0.44 � 0.56 �2.103 .035 1.124 � 0.84 �0.38 � 0.634 �1.852 .064

Note: Data are presented as mean � standard deviation. P < .05 is considered statistically significant.

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for Gingival Papilla Defects. J Oral Maxillofac Surg 2019.
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papilla was not observed immediately after the injec-

tion, as shown in Figure 4.
The height of the gingival papilla and the area of the

black triangle after injection of hyaluronic acid gel at 3,

6, and 12 months are presented in Table 2. There were

significant differences between baseline and 3, 6, or

12months. The height of the gingival papilla increased

by 0.311, 0.45, and 0.4 mm from baseline at 3, 6, and

12 months, respectively, after the treatment, whereas

the area of the black triangle was reduced by 0.31,
0.41, and 0.36 mm2 at the same time points. Clinical

photographs of representative cases treated with hyal-

uronic acid gel injection are shown in Figures 5 to 16.

As shown in Table 3, the increase in the height of the

gingival papilla and the reduction of the area of the

black triangle were significant between baseline and

3 or 6 months in the thick gingival biotype group.

Nevertheless, no significant difference occurred in
the thin gingival biotype group, as shown in Table 4.

In addition, as shown in Table 3, there was no statisti-

cally significant difference in the reduction of the area

of the black triangle between baseline and 12 months

in the thick gingival biotype group.
Discussion

The results of this study show that injection of hyal-

uronic acid gel has an appreciable effect on the
Table 4. COMPARISONOF CLINICAL PARAMETERS FOR THIN
12 MONTHS

Height of Gingival

Papilla, mm

Difference in

Height After

Treatment, mm

Z

Value for

Height

P

Value fo

Heigh

Baseline 3.09 � 1.15

3 mo 3.105 � 1.08 0.015 � 0.26 �0.7 .484

6 mo 3.25 � 0.87 0.16 � 0.37 �1.183 .237

12 mo 3.41 � 0.86 0.32 � 0.43 �1.823 .068

Note: Data are presented as mean � standard deviation. P < .05 is

Ni, Shu, and Li. Efficacy Evaluation of Hyaluronic Acid Gel for Gingiva
augmentation of the deficient gingival papilla in the

natural teeth. The results also show that this treatment
is not helpful to patients with a thin gingival biotype.

This finding indicates that patients with gingival

papilla deficiency with a thick gingival biotype have

a more effective response to hyaluronic acid, which

was not known previously. This may explain why

the results in previous studies are diversified,5-7

because the inclusion of different proportions of

patients with the thick gingival biotype would lead
to different results. In addition, the results at

12 months for the thick gingival biotype group

indicate that the increase in the area of the black

triangle relapsed.

Becker et al5 were the first authors to treat the defi-

cient gingival papilla with injection of hyaluronic acid6

because of its good effect for soft tissue augmentation

in cosmetic surgery, which could replenish the vol-
ume and refresh the skin. However, the structure of

the gingival papilla is a little different from that of

the skin. The skin loosely contacts the underlying tis-

sue, which could be filled with more injected hyal-

uronic acid gel and regain the lost soft tissue volume.

Nevertheless, the gingiva is relatively compact. In

our study, there was no noticeable increase in the

height or volume of the gingival papilla immediately af-
ter the injection, which also was mentioned in a study

by Bertl et al.7 This finding indicates that the gradual
GINGIVAL BIOTYPE AT BASELINE AND AFTER 3, 6, AND

r

t

Area of Black

Triangle, mm2

Difference in Area

After Treatment,

mm2
Z Value

for Area

P Value

for Area

1.10 � 0.67

0.95 � 0.787 �0.146 � 0.35 �1.051 .293

0.91 � 0.824 �0.186 � 0.414 �1.26 .208

0.78 � 0.82 �0.314 � 0.46 �1.823 .068

considered statistically significant.

l Papilla Defects. J Oral Maxillofac Surg 2019.



8 EFFICACY EVALUATION OF HYALURONIC ACID GEL FOR GINGIVAL PAPILLA DEFECTS
augmentation of the deficient gingival papilla after

treatment has resulted from water absorption or

gingival fibroblast proliferation induced by hyaluronic

acid. Asparuhova et al10 also reported that hyaluronic

acid formulations enhance the proliferative, migratory,

and wound-healing properties of human oral fibro-

blasts involved in soft tissue wound healing after

regenerative periodontal surgery.
It has been widely reported that the gingival biotype

is strongly related to the outcomes of implant ther-

apy,11 root coverage procedures,12 and orthodontic

treatment.13 Gingival thickness is the most important

factor in the gingival biotype. A study by Gonçalves

Motta et al14 showed that the thickness of the connec-

tive tissue layer is the main difference between the

thick and thin gingival biotypes through histologic
evaluations. This finding indicates that there are

more gingival fibroblasts and collagen fibers in the

connective tissue layer in patients with thick gingival

biotypes. Therefore, injection of hyaluronic acid could

accelerate gingival fibroblast proliferation, promote

the generation of collagen fibers, and ultimately result

in more soft tissue augmentation.

Our study provided long-term data on the effects of
interdental papilla reconstruction with hyaluronic

acid gel and described the role of the gingival biotype

in this treatment for the first time. Nevertheless, it also

has many limitations, including the small sample size,

the lack of patient-reported outcomes, and the inclu-

sion of only female patients. In the future, a random-

ized controlled clinical trial on the effect of

hyaluronic acid injection in restoring gingival inter-
dental papilla defects at the anterior maxillary teeth

will be undertaken. The results and the deficiencies

of this study provide much valuable experience.

Our research showed that injection of hyaluronic

acid gel has an appreciable effect on the augmenta-

tion of the deficient gingival papilla in the natural

teeth, especially in patients with a thick gingival

biotype. Future research efforts should focus on
the identification of gingival papilla–deficient pa-

tient subgroups who show a more effective

response to hyaluronic acid injection; determination

of the injection method and cycle; further elucida-
tion of the mechanisms that induce the gingival

papilla to grow; and the potential for combination

therapy with orthodontic, restorative intervention

and periodontal surgery to optimize the manage-

ment of gingival papilla deficiency.
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