
REVIEW ARTICLE

ACTA ODONTOLOGICA SCANDINAVICA
2024, VOL. 83, 371–391
https://doi.org/10.2340/aos.v83.40864

The use of hyaluronic acid injection for treatment of black triangle and 
reconstruction of lost interdental papilla in anterior teeth: a systematic review
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ABSTRACT 
Objective: Non-surgical therapeutics to reconstruct lost interdental papilla are evolving; these include 
hyaluronic acid injection. The aim of this systematic review is to evaluate the efficacy, safety, and long-term 
outcomes of hyaluronic acid injection in the treatment of black triangles and reconstruction of lost inter-
dental papilla in anterior teeth.
Materials and Methods: The protocol was registered in PROSPERO (CRD42023446875) and in accordance 
with the Cochrane Handbook of Systematic Reviews of Interventions and the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis ‘PRISMA’. The search involved four databases, PubMed/MEDLINE, 
The Cochrane Library, Google Scholar, and ProQuest for ‘’grey literature’ with additional manual search 
for studies published up to May 2024. Human clinical studies of a prospective nature (randomised clini-
cal trials and prospective cohort studies) were included. Exclusion criteria were case reports, case series, 
review articles, letter to editor, personal opinion, and animal studies. Furthermore, studies which utilised 
hyaluronic acid injection in conjunction with other therapeutic material, tissue graft, or any surgical pro-
cedure were also excluded. The data were extracted independently by the two authors and incorporated 
after consensus. The risk of bias was assessed using the RoB2: the revised Cochrane risk of bias tool for 
randomised clinical trials and the Newcastle Ottawa scale for prospective cohort studies.
Results: 24 studies, 15 prospective clinical studies and nine randomised clinical trials, were included with 
a total of 898 interdental papillae injected with hyaluronic acid. The studies showed promising outcomes 
in the reconstruction of lost interdental papilla with minimal adverse reactions. Risk of bias assessment 
among prospective clinical studies revealed 13 good quality studies with only two poor studies while the 
randomised clinical trials consisted of three with low, one with some concern, and five studies with high 
risk of bias. However, due to the high heterogeneity, a meta-analysis was not feasible. 
Conclusion: Hyaluronic acid injection is an effective minimally invasive approach in treating black tri-
angles and reconstructing lost interdental papilla in the anterior teeth. Further long-term well-designed 
randomised clinical trials employing standardised procedures are essential to validate this treatment and 
provide better quality of evidence. 
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Introduction

Patients’ demand for an aesthetic smile is growing as it affects 
their confidence and self-esteem. Both teeth as well as the gin-
gival tissue are critical to obtain a satisfactory smile [1]. The 
interdental papilla is an anatomical part of the gingival tissue, 
which occupies the interdental spaces between the teeth 
termed ‘the embrasure’ [2]. Morphologically, it was described 
first by Cohen in 1959 [3]. Maintenance of the interdental papilla 
depends on the position of the adjacent teeth, the level of the 
proximal contact between teeth, and the level of the alveolar 
bone [4].

Interdental papilla loss creates open gingival embrasures, 
also called ‘black triangles’ [5]. Several factors influence the 
appearance of black triangles, these includes, age, attachment 
loss due to periodontal disease, abnormal teeth shape, root 
angulation, poorly contoured restorations and crowns, the 
presence of diastema, traumatic oral hygiene habits, thin 

gingival biotype, and the location of the interproximal contact, 
when the distance between the contact point and the crest of 
the bone is ≥5 mm [4–11].

Although the interdental papilla is a small anatomical 
component, it is of major aesthetic significance, especially in the 
anterior teeth [12]. Black triangles were found to be the third 
most dislikable aesthetic issue affecting an individual’s smile, as 
ranked by patients, following dental caries and improper crown 
margins [13]. In addition to the aesthetic concern, black triangles 
can contribute to phonetics difficulties as reported by patients 
[14]. Therefore, treatment of black triangles is crucial to restore 
function and aesthetic. However, reconstruction of lost 
interdental papilla remains a challenging procedure with 
unpredictable long-term results.

Several periodontal plastic surgical approaches were 
proposed in attempt to re-create the lost interdental gingival 
tissue; these utilised different flap designs and various grafting 
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registration ID number is CRD42023446875. The protocol of this 
systematic review was in accordance with the Cochrane 
Handbook of Systematic Reviews of Interventions [42] and the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis ‘PRISMA’ [43].

PICO question

The systematic review was conducted following PRISMA guide-
lines [44] with Patient, problem, or population; Intervention; 
Comparison, control, or comparator; Outcome (PICO) question 
formulated as follows: ‘Is hyaluronic acid injection effective for 
reconstruction of lost interdental papilla in adult patients?’ 

–	 Population: Adult patients with lost interdental papilla 
(black triangles) in the anterior teeth. 

–	 Intervention: Hyaluronic acid injection.
–	 Comparison: The changes in the interdental papilla volume 

before and after hyaluronic acid injection in comparison to 
control (no treatment), if available, or other materials injected. 

–	 Outcome: The reconstruction of lost interdental papilla 
measured by black triangle height (BTH), black triangle area 
(BTA), interdental papilla height (IDPH), papillary presence 
index (PPI), black triangle width (BTW), complete interden-
tal papilla reconstruction (CIPR), partial interdental papilla 
reconstruction (PIPR), height of gingival papilla (HGP), inter-
dental papillary defect size (IDPDS), papilla reconstruction 
percentage (PR), deficient papilla percentage (DP), contact 
point to gingival margin distance (CP-GM), interproximal 
width (IPW), papilla gain oscillation (PGO), and papilla tip to 
contact point distance (PT-CP).

Inclusion and exclusion criteria

Studies included in this review were human clinical studies of a 
prospective nature (randomised clinical trials and prospective 
cohort studies), published in English language, reporting before 
and after outcomes of hyaluronic acid injections used for papilla 
reconstruction in the anterior teeth performed in adult patients. 
No restrictions regarding age groups, number of papillae treated, 
the time of follow up, or years of publication were applied. 

Exclusion criteria included case reports, case series, review 
articles, letter to editor, personal opinion, animal studies, and 
articles published in languages other than English. In addition, 
studies which utilised hyaluronic acid injection in conjunction 
with other therapeutic material, tissue graft, or any surgical 
procedure as the outcome reported might not be due to the 
effect of hyaluronic acid injection exclusively; rather, it could be 
a combination effect or because of the effect of the other 
combined approach with minimal or no effect of hyaluronic acid 
injection itself. 

Source of information and search strategy

Comprehensive literature search was performed by two inde-
pendent reviewers, the authors (S.B.A. and B.A.), with no 

materials [15–21]. However, these surgical methods are not only 
considered invasive procedures but also their effectiveness and 
outcome remain unpredictable. This could be attributed to the 
fact that interdental papilla is a small and narrow structure, 
which complicates the surgical procedure because of access 
difficulties. Additionally, the limited blood supply in the area is a 
further challenge, which ultimately affects the healing process 
[22]. Due to these concerns, researchers have been seeking 
other less-invasive non-surgical treatment alternatives to 
reconstruct lost interdental papilla.

These non-surgical approaches include hemolasertherapy 
[23], orthodontic treatment [24], restorative treatment [25], and 
the injection of fillers and gingival tissue volumisers [26–29], 
either solitary or in combination with other approach [30]. 
Different injectable materials have been proposed for papillary 
reconstruction in recent studies, these include hyaluronic acid 
[28], platelet rich plasma [27], stem cells [29], and fibroblasts 
[26]. This less-invasive approach was found to be a safe promising 
procedure and less traumatic compared to the surgical 
treatment with immediate results obvious to the patients right 
after the injection [31].

Hyaluronic acid is a natural polysaccharide, an anionic non-
sulphated glycosaminoglycan; it is a main component of 
extracellular matrix and present widely in different body tissues 
including cartilage, skin, neural tissue, and gingival tissue 
[32, 33]. It is frequently used in dermatology as filler material and 
skin moisturiser due to its hygroscopic nature. It has the ability 
to absorb water, swell the tissue, thus, resulting in smoother and 
fuller contour [34, 35]. In addition, it can be used as space-filling 
material in the treatment of black triangles because of papilla 
loss [33], contribute positively to wound healing process [36], 
and maintain tissue haemostasis and structural integrity [37].

Possible reconstruction of lost interdental papilla using 
hyaluronic acid injection was proposed previously [38]. This 
minimally invasive and relatively inexpensive technique is 
showing great interest as studies utilising this non-surgical 
approach showed promising results [39, 40]. However, its routine 
clinical use remains questionable. There is still a concern 
regarding the predictability, the long-term outcome, and tissue 
stability of this technique. In addition, adverse effects associated 
with this technique were reported, including lip tenderness, 
swelling, and burning sensation [41].

Therefore, the aim of this systematic review is to summarise 
the existing evidence regarding the efficacy, safety, and long-
term outcomes of the use of hyaluronic acid injection for 
reconstruction of lost anterior interdental papilla as no 
consensus has been established up to now.

Materials and methods

Protocol registration 

The protocol of this systematic review was registered in the 
International Prospective Register of Systematic Reviews 
‘PROSPERO’, the National Institute for Health Research, University 
of York, UK, Center for Reviews and Dissemination; the 
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publication time restriction (no starting date) up to May 2024. 
The search included the following electronic databases, 
PubMed/MEDLINE, The Cochrane Library, and Google Scholar. 
Additional search for ‘grey literature’ was performed in the 
ProQuest database. The harvest was further complemented by a 
manual search of the references list of the selected articles. The 
Medical Subject Heading (MeSH) terms and keywords were des-
ignated based on the PICO of this systematic review with the use 
of ‘AND’ and ‘OR’ customised for each database. Detailed search 
strategies for each database are presented in Table 1. 

Studies selection

Studies selection and eligibility assessment was performed by 
the same two independent reviewers (S.B.A and B.A.), based on 
the customised inclusion and exclusion criteria in the following 
stages: First: the obtained search studies were exported to 
Microsoft Excel (Microsoft Ltd, Washington) in which duplicates 
were removed. Second: reviewers’ calibration assessment was 
performed on part of the retrieved search to calculate inter-rater 
agreement on studies selection using Cohen’s kappa statistic, 
which was found to be substantial (k = 0.74) [45]. Third: after cali-
bration, the two reviewers independently conducted the initial 
search by assessing the titles and abstracts for all studies. If both 
reviewers agreed on the exclusion, the study was excluded. 
However, in case of disagreement, the full manuscript was read 
to get a final decision. Fourth: Full manuscripts were evaluated 
to confirm the eligibility criteria for inclusion, thus, to exclude 
studies that were judged ineligible. The reason for exclusion was 
clarified in Figure 1 and Table 2. At the final stage, if there 
was disagreement between the two reviewers, a third reviewer 
was consulted for the final decision. 

Data extraction 

The same two reviewers (S.B.A and B.A.), performed the data 
extraction independently, afterward, it was compared for pre-
cision. In case of any inconsistencies, the two reviewers had a 
discussion until consensus was reached. Full manuscripts were 
read and inspected for the following data: author, year of 

publication, location where the study was performed, study 
design, number of patients, patients dropouts, age, gender, 
inclusion criteria, exclusion criteria, number of injected inter-
dental papillae, location: maxilla or mandible, classification 
type of papilla loss, history of periodontal treatment before 
hyaluronic acid injection, details regarding hyaluronic acid 
used: type, commercial brand, concentration, and volume 
injected, location of the point of injection and injection tech-
nique, injection protocol: single or multiple, if multiple: inter-
vals or time between sessions, post procedure instruction, 
papilla measurement tool, follow up intervals, details of out-
comes measured, post procedure complications, patient satis-
faction, and the final main conclusion. No assumption was 
made regarding any missing information; instead, ‘not applica-
ble’ was stated. 

Risk of bias in individual studies 

To determine the risk of bias in the selected articles, the same 
two reviewers (S.B.A and B.A.), independently performed the 
evaluation and discrepancy was discussed until consensus was 
reached. For randomised clinical trials, the RoB2: the revised 
Cochrane risk of bias tool for randomised trials was followed, 
which is based on five domains: D1: randomisation process, D2: 
deviations from intended interventions, D3: missing outcome 
data, D4: measurement of the outcome, D5: selection of the 
reported result. Low, some concern, or high risk of bias to be 
assigned to each domain, then, an overall risk of bias will be allo-
cated [46]. For prospective clinical studies, the Newcastle Ottawa 
scale for prospective cohort studies was implemented, which is 
based on three domains: selection (maximum 4 stars), compara-
bility (maximum 2 stars), and outcome (maximum of 3 stars). 
Then, based on the obtained total number of stars, each study is 
assigned to good, fair, or poor quality [47].

Results

Search results 

Considering the mentioned protocol and search strategy pre-
sented in Table 1, a total of 1778 articles were obtained from 

Table 1.  Detailed search strategy for each database.

Database Search strategy 

PubMed/MEDLINE ((interdental papilla OR papilla OR interproximal gingiva OR gingiva OR interdental papilla defect OR 
interproximal gingival defect OR black triangles OR missing papilla OR papilla loss OR deficient papilla OR papilla 
reconstruction OR papillary recession OR papilla augmentation[MeSH Terms]) AND (hyaluronic acid OR HA OR 
hyaluronic acid gel OR hyaluronic acid injection OR hyaluronan OR HY OR hyaluronan injection OR hyaluronate 
OR hyaluronate injection[MeSH Terms])) AND (adults OR patients OR humans[MeSH Terms])

The Cochrane Library (interdental papilla OR papilla OR interproximal gingiva OR gingiva OR interdental papilla defect OR interproximal 
gingival defect OR black triangles OR missing papilla OR papilla loss OR deficient papilla OR papilla 
reconstruction OR papillary recession OR papilla augmentation) AND (hyaluronic acid OR HA OR hyaluronic acid 
gel OR hyaluronic acid injection OR hyaluronan OR HY OR hyaluronan injection OR hyaluronate OR hyaluronate 
injection) AND (adults OR patients OR humans)

Google scholar (‘dental papilla’ OR ‘interdental papilla’ OR ‘interproximal papilla’ OR ‘black triangles’ OR ‘papillary recession’) AND 
(‘hyaluronic acid’ OR ‘hyaluronan’ OR ‘HA’ OR ‘HY’ OR ‘hyaluronate’) AND (‘patients’ OR ‘humans’)

ProQuest (‘dental papilla’ OR ‘interdental papilla’ OR ‘black triangles’) AND (‘hyaluronic acid’ OR ‘hyaluronan’ OR 
‘hyaluronate’) AND (‘patients’ OR ‘humans’)



374  S. B. Alsharif and B. Aljahdali

the different databases, PubMed/MEDLINE (n = 295), The 
Cochrane library (n = 93), ProQuest (n = 1,078), Google Scholar 
(n = 309), and manual search (n = 3). After eradicating the 
duplicates (n = 692), screening the titles and abstracts accord-
ing to the eligibility criteria 31 articles were yielded for full-text 
reading. After further evaluation of the full manuscripts, a total 
of 24 studies were included in this systematic review. Details 
on the search strategy and reason of exclusion are illustrated in 
Figure 1 and Table 2.

Characteristics of included studies

Of these 24 studies included, 15 were prospective clinical stud-
ies [39, 40, 48–60], and nine were randomised clinical trials 
[61–69]. Table 3 summarises the characteristics of the included 

studies. Total of 898 interdental papillae were injected with hya-
luronic acid, all in the anterior area and mostly maxillary teeth. 
Most studies investigated the effect of hyaluronic acid injection 
in treatment of lost interdental papilla prospectively over time 
[39, 40, 48–60, 62]. One study compared hyaluronic acid injec-
tion with negative control [64], three studies considered com-
parison with placebo control (saline injection) [61, 65, 67], while 
four studies compared hyaluronic acid injection to different 
materials, these include, plasma rich growth factors (PRGF) [63], 
injectable platelet rich fibrin (iPRF) [68], calcium hydroxyapatite 
filler (Radiesse) [69], and chitosan [66]. Different commercial 
brands of hyaluronic acid were utilised.

Baseline deficient interdental papillae were evaluated and 
classified based on Nordland and Tarnow classification [10] in 15 
studies [49, 50, 52–54, 56, 58, 60, 61, 63–68], the modified papillae 

Figure 1.  PRISMA flowchart with search details and reason for exclusion.

Table 2.  List of the excluded studies and the reason for exclusion.

The excluded study Reason for exclusion 

Neto ADT, Storrer CLM, Santos FR, Miran T. Increased papilla between implant and tooth 
with TEH use of hyaluronic acid injection: A case report. IP Int J Periodontol Implantol. 
2018;3:24–9.

Case report + combined treatment 

Spano SJ, Ghilzon R, Lam DK, Goldberg MB, Tenenbaum HC. Subperiosteal Papilla 
Augmentation With a Non-Animal-Derived Hyaluronic Acid Overlay Technique. Clin Adv 
Periodontics. 2020;10:4–9.

Hyaluronic acid injection combined with surgical procedure

Naorungroj S. Esthetic Reconstruction of Diastema with Adhesive Tooth-Colored 
Restorations and Hyaluronic Acid Fillers. Case Rep Dent. 2017;2017:5670582.

Case report + combined treatment

Tanwar J, Hungund SA. Hyaluronic acid: Hope of light to black triangles. J Int Soc Prev 
Community Dent. 2016;6:497–500. 

Case report 

Hamadeh W, Alhabashneh R, Abdelhafez R, Khader Y. Management of interdental 
papillary defects using subperiosteal hyaluronic acid injection overlay technique: a 
prospective longitudinal clinical study. Quintessence Int. 2024;55:180–9. 

Hyaluronic acid injection combined with surgical procedure 

Lestari V, Nasution AH. The use of hyaluronic acid dermal filler in black triangle cases 
management: A case series. Bali Medical Journal. 2024;13:1–88. 

Case series 

Sánchez D, Yáñez Ocampo B, Esquivel Chirino C. Use of hyaluronic acid as an alternative 
for reconstruction of interdental papilla. Rev. Odont. Mex. 2017;21:205–13.

Case report 
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index score (MPIS) [70] in two studies [48, 62], Cardaropoli 
classification [71] in one study [55], while six studies did not 
specify their papillae classification system [39, 40, 51, 57, 59, 69]. 
Initial non-surgical periodontal treatment was described in most 
of the studies [40, 48–50, 52, 53, 56, 61, 63–67]. Generally, it 
included patient motivation, oral hygiene instructions, and full 
mouth debridement. Injection technique of hyaluronic acid 
varied among the included studies; mostly, 0.2 ml of hyaluronic 
acid gel was injected, five studies performed single injection 
[53, 63, 64, 66, 69], another five studies repeated the injection 
process twice [49, 50, 52, 54, 62], while the majority utilised 
multiple injections protocol from 3 and up to 5 times [39, 40, 48, 
51, 55–61, 65, 67, 68]. The location of the injection was 2–3 mm 
apical to the coronal tip of the deficient papilla at 45-degree 
angle in most studies. Post injection instructions were reported, 
mainly to avoid mechanical plaque control within the first 24 h at 
the treatment area. Details of the total number of injected 
papillae, region, hyaluronic acid used, injection protocol, pre-
injection periodontal treatment, injection location and 
procedure, and post injection instructions are reported in Table 4.

Effect of hyaluronic acid injection on interdental papillae 
reconstruction

Digital photographs were employed by most of the included 
studies to assess the outcomes after hyaluronic acid injection; 
these outcomes included BTH, BTA, IDPH, PPI, BTW, CIPR, PIPR, 
HGP, IDPDS, PR, DP, CP-GM, IPW, PGO, and PT-CP with final follow 
up time ranging from 1 month to 2 years. Further details are pre-
sented in Table 5. 

All the included studies revealed positive results following 
hyaluronic acid injection as a minimally invasive method to 
reconstruct deficient interdental papilla, particularly in patients 
with thick gingival biotype [56]. However, only one study stated 
that there was no considerable clinical outcome obtained after 
injecting deficient papilla at implant-supported crowns in the 
anterior maxilla [62]. Despite the use of different commercial 
brands of hyaluronic acid materials, the included studies verified 
the clinical efficiency of all these different types, as all were 
associated with similar positive results. Yet, some had longer 
lasting results; Revident HA had longer lasting results than Flex 
Barrier HA [64]. Moreover, it was found that the higher the 
concentration of hyaluronic acid, the more favourable the 
outcome; the use of 5% of hyaluronic acid material has yielded 
more significant improvement in comparison to 1% and 2% 
concentrations [55]. In addition, reconstruction of lost 
interdental papilla was attained with the injection of hyaluronic 
acid alone as well in combination with other material; platelet-
rich fibrin [68], plasma rich growth factor [63], and carboxymethyl 
chitosan [66]. 

Patients’ satisfaction and reported complications

Three studies evaluated patients’ satisfaction utilising the visual 
analogue scale (VAS) [61, 66, 68] while two utilised self-reported 

questionnaires [49, 55] in which all reported an increase in satis-
faction following hyaluronic acid injection for reconstruction of 
lost interdental papilla. Other two studies employed VAS for 
pain assessment following injection. In one study, the reported 
pain was less in the hyaluronic acid group in comparison to the 
saline group [62] while the other study reported marked reduc-
tion in the pain level at the third day after injection with no pain 
reported after the seventh day [52]. Complications other than 
pain were bleeding which was managed by pressure application 
[56], limited swelling and tenderness at the injection site which 
lasted for 3 days [49], and swelling of the lip with painless gran-
uloma in the gingiva above the mucogingival junction which 
lasted for more than 4 weeks but was not detectable after 
3 months [62]. 

Quality assessment and risk of bias in the included studies

The Newcastle Ottawa quality assessment tool revealed gener-
ally good quality among the included prospective cohort stud-
ies [40, 48, 49–54, 56–60] except for two with poor quality 
according to the scale [39, 55]. Detailed information regarding 
the three domains is presented in Table 6. The RoB2: the revised 
Cochrane risk of bias tool for randomised clinical trials revealed 
three studies with low risk [61, 62, 65], one with some concern 
[63], and five studies with high risk [64, 66–69]. Detailed infor-
mation regarding the five domains is presented in Figure 2.

Discussion

This systematic review aimed to analyse the available evidence 
on the effect of hyaluronic acid injection in reconstructing lost 
interdental papilla. In 2010, Becker et al. first proposed this inno-
vative technique in a pilot study [39]. Hyaluronic acid is a major 
element of the extracellular matrix in the gingival tissue, which 
promotes the gingival fibroblasts cells capacity for migration 
and proliferation [32, 33]. This was confirmed in two clinical 
studies, which additionally took into account an in vitro assess-
ment of human gingival fibroblasts cells migration and prolifer-
ation [65, 67]. This could possibly justify the use of hyaluronic 
acid injection in the reduction of black triangle and the recon-
struction of lost interdental papilla. 

Based on the clinical studies included in this systematic 
review of the literature, hyaluronic acid injection showed 
positive result and contributed effectively to the reconstruction 
of lost interdental papilla in natural anterior teeth with partial to 
CIPR at the deficient sites [39, 40, 48–61, 63–69]. Only one study 
reported that this minimal change in the papilla gain might not 
be clinically appreciable; however, this could be attributed to 
the fact that this clinical study was performed only on papilla in 
implants and not natural teeth [62]. The histological 
characteristics around natural teeth are different compared to 
peri-implant tissue, mainly, the absence of periodontal ligament 
around implants resulting in reduced vascularity and fewer 
fibroblasts [72], thus, restrict hyaluronic acid’s rheological 
impact at the injected site and limit the outcome at peri-implant 
tissue. 
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In addition to these positive reported results, hyaluronic acid 
injection seems to be a preferred treatment option among 
patients, not just due to its non-invasive nature but also because 
of its cost-effective outcome. Other non-invasive treatment 
modalities, which include orthodontic treatment [24] and 
restorative treatment [25], are more expensive and time-
consuming and could last for months, if not years, depending 
on the severity of the case, compared to hyaluronic acid 
injection, in which the result can seem instantly right after the 
injection procedure. Hyaluronic acid injections appear to 
outperform the other non-invasive techniques economically, 
despite the possible need for follow-up injections. 

The outcome of hyaluronic acid injection can be influenced 
by several variables. The viscosity and concentration of the 
injected hyaluronic acid can relate to the flexibility of the 
material. A low viscosity material was found to be compatible 
for filling surface areas while in deep areas high viscosity 
exhibited superior outcomes [73]. Most of the studies included 
in this systematic review utilised average viscosity and 
concentration of 16–25 mg/ml, medium to high viscosity, in 
which all were effective, thus, hyaluronic acid injection was 

found to be effective in papillary reconstruction regardless of 
the viscosity of the material. Singh and Vandana compared 
different hyaluronic acid concentrations, 1%, 2%, and 5%. They 
reported that 5% showed better outcome compared to 2% and 
1% [55]. However, this was the only study that used hyaluronic 
acid in the form of powder diluted in a solution in comparison to 
all the other studies, which employed hyaluronic acid in the 
form of gel. Hence, it is crucial to interpret this result cautiously 
with more clinical trials need to determine the adequate 
concentration associated with the most stable results in the 
long-term. In addition, the injected arch was found to be a 
considerable variable by Alhabashneh et al. in which better 
papillary fill was reported in the maxilla compared to the 
mandible [52]. The authors justified this finding due to the 
presence of more keratinized gingiva and symmetric teeth form 
in the maxillary arch [52]. Ni et al. reported that thick gingival 
phenotype was associated with relapse in the papillary gain 
after 1 year of hyaluronic acid injection resulting in recurrence of 
the interdental black triangles, although this phenotype was 
associated with better initial outcomes after the injection [56]. 
This could be related to the thick underlying connective tissue, 

Table 6.  Quality assessment of prospective clinical cohort studies using the Newcastle-Ottawa scale.

Study Newcastle-Ottawa scale

Selection Comparability Outcome Overall

Turgut Çankaya and Tamam, 2020 [48] *** * *** Good

Awartani and Takis, 2016 [49] *** * *** Good
da Silva et al., 2023 [51] *** * ** Good
Alhabashneh et al., 2021 [52] *** * *** Good
Pitale et al., 2021 [53] *** * *** Good
Becker et al., 2010 [39] *** - *** Poor
Patel et al., 2017 [54] *** * *** Good
Ni et al., 2019 [56] *** * *** Good
Patil et al., 2020 [58] *** * ** Good
Lee et al., 2016 [59] *** * *** Good
Lee et al., 2016 [57] *** * *** Good
Singh and Vandana, 2019 [55] *** - *** Poor
Sadat Mansouri et al., 2013 [40] *** * *** Good
Firkova 2020 [50] *** * *** Good
Ebrahimi et al., 2023 [60] *** * *** Good

Figure 2.  Risk of bias assessment using the RoB2: the revised Cochrane risk of bias tool for randomised clinical trials.
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repeated injections to maintain the long-term effect of papilla 
reconstruction. Furthermore, adverse effects were reported; 
thus, it is challenging to preclude their occurrence. For these 
reasons, it is essential to investigate the current literature to 
generate a better understanding of this topic. A systematic 
review was imperative not only to comprehensively investigate 
the long-term effect of hyaluronic acid injection for 
reconstruction of lost interdental papilla but also to evaluate 
the safety of these injections and identify the potential factors 
that could lead to adverse effects. Such a review would provide 
valuable insight for dental practitioners, facilitating treatment 
decision-making and optimising patient outcomes. This was 
employed in this systematic review as it investigated both the 
effect of hyaluronic acid injection as well as the reported 
negative adverse complications associated with these 
injections, which is considered a strength of this systematic 
review. Another strength of this study is the use of manual 
search in addition to electronic databases. Also, there was no 
lower border or starting date for the search, and no studies 
were excluded due to a different language other than English; 
thus, hypothetically, we can state that there was no language 
restriction. Moreover, because of the limited available evidence 
and in order to systematically assess the studies on this topic, 
the authors did not confine this systematic review to 
randomised clinical trials only but included adult human 
studies of prospective nature; randomised clinical trials, and 
prospective cohort studies to provide a broader range of data 
to be included within this systematic review. However, no 
retrospective studies were included to avoid potential bias in 
the reported results. 

Despite the reported favourable outcomes in this systematic 
review regarding the injection of hyaluronic acid for 
reconstruction of lost interdental papilla, some limitations 
should be noted. The major limitation is the high heterogeneity 
in these studies, which was attributed to the methodological 
diversity. These include, the use of different hyaluronic acid 
materials, the lack of standardised injection technique, different 
location of the injection, material’s concentration, frequency of 
injection, and dissimilar parameters measured to assess the 
outcome. Moreover, since the outcome of the papillary 
reconstruction was measured utilising images obtained from 
clinical photography or digital impressions, it is essential to 
emphasise the need for a standardised approach to ensure the 
reproducibility of these images at different time points. Some of 
the included studies implemented the needed standardisation; 
yet, the standardisation technique was not consistent making 
the comparison among these studies difficult. In addition, 
photographic analysis is a two-dimensional method, which 
might fail to capture the actual papillary reconstruction outcome 
and volumetric changes, as the interdental papilla is a three-
dimensional structure in nature. This heterogeneity among the 
included studies made the quantitative analysis and meta-
regression not feasible. Further limitations are the relatively 
small number of injected papillae in each clinical study and the 
short follow up time. Further well-conducted randomised 
clinical trials with large sample size and longer follow up period 

subsequently; more abundant gingival fibroblasts and collagen 
fibres present [74]. However, more studies are necessary for 
further investigation of the influence of this variable. Another 
variable recognised by Lee et al. is the degree of the papillary 
loss. It was reported that large black triangles are less predicted 
and do not respond as positively as the small deficiencies 
following the injection of hyaluronic acid [59]. Most of the 
included studies in this review were associated with limited 
interdental papillary loss, class I and II according to Nordland 
and Tarnow classification [49, 50, 52–54, 56, 58, 60, 61, 63–68], 
score 2 according to the modified papilla index score [48, 62], 
and score 2 and 3 according to Cardaropoli classification [55] in 
which all agreed on favourable outcomes of this minimally 
invasive technique. Therefore, it can be stated that hyaluronic 
acid injection should be considered in the reconstruction of lost 
interdental papillae that do not involve significant amounts of 
papillary tissue loss and large BTA. When considering the long-
term stability of the outcome, Becker et al. reported that 
completely reconstructed papilla was stable for about 2 years 
[39]. Similarly, Lee et al. revealed no relapse in completely 
reconstructed papilla, in contrast to partially reconstructed 
papilla, which was not stable over 6 months [59].

Alternative injected materials to hyaluronic acid were 
explored in several clinical trials. Bertl et al. injected saline 
solution for reconstruction of lost interdental papilla around 
implants and found no clinical difference in the papillary 
volume gain compared to hyaluronic acid [62]. In contrast, 
Abdelraouf et al. reported superior clinical results for interdental 
papilla reconstructed using hyaluronic acid injection compared 
to saline solution injection [61], which was due to the 
anatomical dissimilarity of the injected tissue, as Bertl et al. 
injected interdental papilla adjacent to implants while 
Abdelraouf et al. injected interdental papilla around natural 
teeth. Similar results reported by Ni et al. [65] and Kapoor and 
Bhardwaj [67], which was in agreement with Abdelraouf et al. 
[61]. Fakher et al. injected platelet rich fibrin for papillary 
reconstruction in comparison to hyaluronic acid and concluded 
that both materials are clinically effective alternatives [68]. 
Shawky et al. investigated the effect of calcium hydroxyapatite 
material (Radiesse), which is commonly used in cosmetic 
medicine, compared to hyaluronic acid. A significant clinical 
outcome was observed after injection in both materials with 
greater papillary reconstruction and longer-lasting effect related 
to calcium hydroxyapatite material [69]. However, additional 
clinical trials are essential to confirm this superior outcome. 

The latest published systematic review on this topic by Faé 
et al. included 16 studies; however, their database search was 
limited, up to May 2022 [75]. The present study provided a 
broader and more robust review of the available literature with 
more articles included resulting in a total of 24 clinical studies. 
The significance of this study is to provide a detailed overview 
of hyaluronic acid injection for the treatment of lost interdental 
papilla in adult human, as there is no clear consensus on this 
topic. There is still uncertainty about the proper injection 
technique, the hyaluronic acid material to be used, the 
adequate amount of injected material, and the need for 
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	[19]	 Zhang X, Shao J, Wan Q, Li L. Interimplant papilla reconstruction at 
second-stage surgery: a technique. J Prosthet Dent. 2022;128:554–9. 
https://doi.org/10.1016/j.prosdent.2020.09.040

	[20]	 Sharma P, Vaish S, Sharma N, Sekhar V, Achom M, Khan F. Comparative 
evaluation of efficacy of subepithelial connective tissue graft versus 
platelet-rich fibrin membrane in surgical reconstruction of interden-
tal papillae using Han and Takie technique: a randomized controlled 
clinical trial. J Indian Soc Periodontol. 2020;24:547–53. https://doi.
org/10.4103/jisp.jisp_125_20

	[21]	 Saleh MHA, Urban IA, Alrmali A, Ravidà A. Papilla reconstruction 
using a vertical interproximal tunnel approach. Int J Oral Implantol. 
2023;16:55–64.

	[22]	 Pradeep AR, Karthikeyan BV. Peri-implant papilla reconstruction: 
realities and limitations. J Periodontol. 2006;77:534–44. https://doi.
org/10.1902/jop.2006.050068 

	[23]	 Zanin F, Moreira MS, Pedroni ACF, Windlin M, Brugnera AP, Brugnera 
Júnior A, et al. Hemolasertherapy: a novel procedure for gin-
gival papilla regeneration-case report. Photomed Laser Surg. 
2018;36:221–6. https://doi.org/10.1089/pho.2017.4349
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its management in esthetic dentistry. Dent Res J. 2013;10:296–301.

are essential in order to attain more precise results upon 
standardising the clinical methodology and outcome 
assessment procedure. 

Conclusion

Despite the high heterogeneity due to the absence of clear and 
standardised protocol, the use of hyaluronic acid injection 
seems to be an effective minimally invasive approach in treating 
black triangles and reconstructing lost interdental papilla in the 
short-term as the results pointed toward positive outcomes 
with minimal adverse reaction and promising levels of patients’ 
satisfaction. This could suggest the possible use of this material 
for other medical procedures. Further longer-term well-designed 
randomised clinical trials employing standardised procedures 
are essential to validate this treatment and provide better 
quality of evidence.
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