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ABSTRACT

Background: The interdental papilla plays a vital role in dental and facial aesthetics, as the loss of papilla manifests as unesthetic
“black triangles”. In recent years, non-surgical approaches such as hyaluronic acid injections, autologous platelet concentrates,
laser therapy, and microneedling with vitamin C have emerged as alternatives to technically demanding and unpredictable sur-
gical reconstruction.

Aim: To evaluate the effectiveness, patient satisfaction, and safety of cosmetic non-surgical treatment modalities for the correc-
tion of black triangles.

Materials and Methods: A comprehensive literature search was conducted using the PubMed, Cochrane Library, Scopus, and
Embase databases, from January 2013 to January 2024. All case series, cohort studies, and randomized controlled trials with
relevant outcomes were included. The BestBETs methodology was used, and the risk of bias was assessed using the “Quality
Assessment Tool for Quantitative Studies.”

Results: A total of 19 human studies met the inclusion criteria. Of these, six studies were classified as level I evidence, while the
remaining 13 were categorized as level III or level IV evidence. Based on level II evidence, hyaluronic acid injections were effec-
tive and safe for correcting the black triangles and improving the smile. Evidence on non-surgical modalities such as autologous
platelet concentrates, photobiomodulation therapy, and microneedling with vitamin C remains limited. Based on level II to level
IV evidence, these conservative treatments are recommended as clinically effective for filling black triangle spaces, demonstrat-
ing high patient satisfaction and minimal adverse events.

Conclusion: Non-surgical cosmetic treatments offer a promising alternative for reconstructing interdental papilla deficiencies,
with benefits including reduced complications and favorable aesthetic outcomes. However, the current evidence remains limited,
and findings should be interpreted with caution. Further well-designed, standardized clinical trials are required to establish the
effectiveness, long-term stability, and patient-centred outcomes of these interventions.

1 | Introduction The demand for dental and medical cosmetic treatments to en-

hance smile aesthetics is increasing across orthodontics, plastic
A beautiful smile is a key component of facial attractiveness and surgery, and periodontics [1, 2]. An attractive smile depends on
plays a vital role in psychological well-being and self-esteem. the harmonious integration of hard and soft tissues, with the

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2026 The Author(s). Journal of Cosmetic Dermatology published by Wiley Periodicals LLC.

Journal of Cosmetic Dermatology, 2026; 25:€70920 1 0of 20
https://doi.org/10.1111/jocd.70920


https://doi.org/10.1111/jocd.70920
https://doi.org/10.1111/jocd.70920
https://orcid.org/0000-0001-8806-3863
https://orcid.org/0000-0002-8192-9916
mailto:h.hassan@qmul.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjocd.70920&domain=pdf&date_stamp=2026-05-13

interdental papilla being essential for the balance between the
“red” (gingiva) and “white” (teeth) components. The papilla fills
the space between adjacent teeth, and its loss creates an open
space referred to as a “black triangle” (BT), which compromises
smile aesthetics, phonetics, and periodontal health. The etiology
of papilla loss is multifactorial, including periodontal disease,
orthodontic tooth movement, traumatic restorative procedures,
and over-contoured restorations [3, 4]. Nordland and Tarnow in-
troduced the first and most widely used classification system for
papilla defects as presented in (Figure 1) [5].

Al-Zarea et al., in a narrative review of the literature, reported
that approximately one-third of individuals are affected by
black triangles, citing figures suggesting a prevalence of 67%
in adults aged 20years and older compared with 18% in those
under 20years of age [6]. However, these estimates are not de-
rived from primary population-based epidemiological studies
and should therefore be interpreted with caution [6]. According
to Geld et al., patients ranked black triangles as the third most
unattractive dental feature, following carious lesions and dark
crown margins [7]. Consequently, the reconstruction of lost in-
terdental papilla has become a priority in periodontal therapy,
driven by increasing aesthetic demands. Treatment options are
broadly classified into surgical and non-surgical approaches.
Surgical methods aim to restore both functional and aesthetic
integrity of the papilla by recontouring and augmenting; how-
ever, they are highly technique-sensitive, often unpredictable,
and associated with uncertain long-term stability [8]. These
drawbacks have shifted attention toward non-surgical modali-
ties, with the potential to offer reduced complications, minimal
downtime, and favorable aesthetic outcomes.

Several non-surgical techniques have recently been investigated
for papilla reconstruction. Hyaluronic acid (HA) injections have
gained widespread use in medicine, cosmetics, and dentistry due to
their desirable physicochemical properties, biocompatibility, and
regenerative scaffold properties [9]. Similarly, autologous platelet
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FIGURE1 | Nordland and Tarnow classification [5].

concentrates, such as platelet-rich plasma (PRP) and platelet-rich
fibrin (PRF), have been employed in periodontics to stimulate
regeneration, accelerate wound healing, and enhance surgical
results [10]. Additional non-surgical options include liquid-phase
concentrated growth factor (LPCGF), which delivers bioactive
molecules that promote angiogenesis and soft tissue healing; low-
level laser therapy (LLLT), which modulates cellular activity and
enhances wound healing through photobiomodulation; and mi-
croneedling, which induces controlled micro-injuries to stimulate
neovascularisation and growth factor release [11-13].

Recent literature has examined both surgical and non-surgical
interventions for the reconstruction of interdental papilla de-
ficiencies. The mini review by Barakat highlighted the poten-
tial of surgical and non-surgical cosmetic strategies for papilla
regeneration; however, it also noted persistent inconsistencies
in protocols and outcome measures [14]. Similarly, Patel et al.
systematically reviewed 45 studies and reported improvements
across various modalities, including hyaluronic acid, platelet
concentrates, and surgical grafting [15]. However, the authors
emphasized that the evidence is inconsistent and constrained
by non-standardized outcome measures. Building on these in-
sights, the present review critically appraises the clinical effi-
cacy, patient satisfaction, and safety of current non-surgical
modalities for interdental papilla reconstruction.

2 | Materials and Methods

An evidence-based review was conducted using the BestBETSs
methodology, a structured, clinically oriented framework for
appraising the best available evidence in response to a focused
clinical question. This approach does not constitute a systematic
review and does not adhere to formal systematic review meth-
odology. To broaden the inclusiveness of the eligibility criteria
and offer diverse perspectives to address the clinical question,
a more permissive strategy was employed. However, our work
adapted elements of systematic review techniques to compre-
hensively assess the existing evidence. The three-part clinical
question underpinning this review is shown in Table 1 [16].

A comprehensive search was conducted in PubMed, the
Cochrane Database, Scopus, and Embase from January 2013 up
to September 2024, as outlined in Table 2. The search was lim-
ited to peer-reviewed human studies published in English. Gray

TABLE1 | Three-part research question.

Patient group Healthy adults seeking conservative

management of papilla loss

Intervention Non-surgical treatments, including
hyaluronic acid, laser, growth

factors, and microneedling

Relevant outcomes Clinical efficacy (e.g., improvement
in the black triangle area
and measurement changes
in papilla height), patient-
related outcomes, and safety

2 of 20

Journal of Cosmetic Dermatology, 2026

858017 SUOWILLIOD A 11810 3|qeo![dde 8Ly Aq peusenob ke sejole YO ‘88N JO S9INJ 10§ Akeuq8UIIUO /8|1 UO (SUOIPUOD-PLR-SLLBYWI0D A8 | 1M AleIq 1 jBU 1 |UO//Sd1Y) SUORIPUOD pue Swie | 8y 89S *[9202/90/ST] Uo AriqiTauliuo A1 ‘@@ eAleedood - zIuo Sef3 Aq 02602 POOI/TTTT OT/I0pA0D A8 M ARe.q1BulUO//:SANY WoJ) pepeo|umod ‘G ‘9202 ‘S9TZELYT



literature sources and clinical trial registries were not systemat-
ically searched.

Two independent reviewers (AE and BS) have performed study
selection and eligibility assessment, and data extraction based
on the predefined inclusion and exclusion criteria shown in
Table 3. Prior to formal screening, both reviewers jointly as-
sessed a subset of studies to align interpretation of the eligi-
bility criteria and ensure consistency in study selection. Any
disagreements were resolved through discussion, and when
consensus could not be reached, a third reviewer (HH) was
consulted. Data extraction from human studies was performed
independently by two reviewers (AE and BS). Extracted out-
comes included changes in black triangle area (BTA), reported
as percentage change and absolute differences before and after
treatment, as well as patient-reported outcome measures. In
addition, black triangle height (BTH) and black triangle width
(BTW) were recorded where available. These geometric out-
come measures are illustrated schematically in (Figure 2) to aid

TABLE 2 | Electronic searches.

PubMed A PubMed advanced search was done,
including all the following terms
“Effectiveness” AND “non-invasive
treatment” OR “non-surgical” OR
“cosmetic treatment” AND “black

triangles” OR “dental papilla loss”

Cochrane Library An Embase and Cochrane Library

and Embase search with the terms “black
triangles” AND “aesthetic treatment”
Scopus A Scopus advanced search was done

using the following terms “loss
interdental papilla” OR “interdental
papilla defect” OR “deficient
papilla” OR “black triangle” AND
“nonsurgical” OR “non invasive”
OR “conservative treatment”

Note: KEY: The search strings presented above reflect the exact queries
conducted during the literature search. It is acknowledged that the PubMed
search strategy did not incorporate explicit Boolean operator grouping
(parentheses), and that the search terms were primarily condition-specific
rather than intervention-specific.

TABLE 3 | Inclusion and exclusion criteria for the studies included
in the results.

Inclusion criteria Exclusion criteria

Human studies with deficient Animal studies

interdental papilla

Studies reporting non-surgical ~ Studies reporting surgical

modalities treatments (sole treatment
or combined with non-
surgical modalities)
English studies All studies not written

in the English language

Reviews and expert
opinion papers

clarity and consistency of interpretation across studies. The level
of evidence for each included study was determined using the
Oxford Centre for Evidence-Based Medicine (2011) classifica-
tion system [17]. The risk of bias was assessed using the “Quality
Assessment Tool for Quantitative Studies” [18] developed by the
Canadian public health sector to appraise methodological qual-
ity and provide evidence supporting public health research and
interventions across a wide range of health-related topics. Two
reviewers (AE and BS) evaluated eight domains: selection bias,
study design, confounders, blinding, data collection methods,
withdrawals and dropouts, intervention integrity, and data anal-
ysis. Each domain was rated as “strong,” “moderate,” or “weak.”
In accordance with the tool's guidelines, studies with no weak
ratings were classified as strong overall; those with one weak
rating as moderate; and those with two or more weak ratings as
weak. Any differences of opinion were discussed with a third
reviewer (HH).

3 | Results

A total of 19 articles were included in the final analysis [11-13,
19-34]. The study selection processes are illustrated in The
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) flow diagram (Figure 3), included as a
transparency tool to document study identification and selection
[35]. Table 4 shows the characteristics of the 19 human studies
that met the inclusion criteria based on the BestBETs protocol.

Various non-surgical cosmetic approaches for restoring BTs were
identified, including HA injections, injectable growth factors,
laser therapy, microneedling, and vitamin C injections. Notably,
no studies providing level I evidence were identified during the
search. Of the included studies, six were classified as level II ev-
idence [19, 20, 24, 28, 33, 34]. Four of these studies used HA as
a standalone treatment [20, 24, 28, 33|, while two studies com-
bined it with plasma-rich growth factors [19, 34]. The remaining
13 studies were classified as level III or level IV evidence, eval-
uating interventions such as HA, laser therapy, microneedling,
and injectable growth factors [11-13, 19, 21-23, 25-27, 29-32].
Level V evidence, including reviews and expert opinion papers,
was excluded as outlined in the exclusion criteria.

Regarding methodological quality, all 19 included studies
demonstrated at least one domain of concern. Fourteen stud-
ies were assessed as high risk of bias [11-13, 19, 21-23, 25-27,
29-32, 34], and five studies involving HA interventions were
rated as moderate risk [19, 20, 24, 28, 33]. Notably, no study was
classified as low risk of bias. These findings limit the certainty
of the available evidence. A detailed summary of the risk-of-bias
assessment is provided in Table 5 [18].

Table 6 summarizes reported outcomes related to complete and
partial papillary fill across included studies. However, due to
heterogeneity in study design, outcome definitions, and assess-
ment methods, these data are presented for descriptive purposes
only and should not be interpreted as directly comparable.

In short, the included studies consistently demonstrated positive
results with HA injections as a non-surgical approach for recon-
structing deficient interdental papillae. Despite using different
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FIGURE2 | Schematicillustration showing black triangle area (BTA), black triangle height (BTH), and black triangle width (BTW) as commonly
reported outcome measures at baseline (A) and post treatment using non-surgical cosmetic interventions. The apex of the black triangle is directed

A. Baseline

B. Post-treatment

Black Triangle Area (BTA) = Area of triangular embrasure space

+ = Black Triangle Width (BTW) = Horizontal width at gingival level

gingival margin

Black Triangle Height (BTH) = Vertical distance from contact point to

Papilla Height (PH) = Vertical distance from gingival base to the tip
of the interdental papilla

coronally toward the interproximal contact point, while the base is located apically at the gingival level.

Identification

Screening

Included

Records identified through
database screening

and Embase) (n=347)

(PubMed, Cochrane library, Scopus

Articles removed before
screening
- Duplicate articles
(n=4)
- Non-English articles
(n=9)

!

Records screened (title and

Articles excluded by reviewing
titles manually
(n=162)

abstract)

(n =334)
Articles assessed for retrieval
(n=173)

Articles excluded: (n=154)
- Studies using
surgical interventions
(n=86)
- Animal studies
(n=35)
- Reviews (n=33)

Studies included in review
(n=19)

FIGURE 3 | PRISMA flow chart [35] (updated 2020) represents the process of identifying, screening, and selecting studies for inclusion for this
review.
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Study weakness

Outcomes and key results

Small sample size, very

Follow-up 7 days after the 6th
sessions by clinical measurement

Prospective study, level 111

15 healthy patients aged 25-
35years with15 deficient papillae

Nordland & Tarnow class I and II

Ahuja et al. 2022,

Vitamin C injection

short follow up time

India [11]

with microneedling

and picture analysis.

Efficacy
A significant variation in the mean

Single point technique was used;

1-1.5mL of Vitamin C injection

Of PH over time

was injected 2-3mm apical to

p=0.002
The mean increase in PH

the papilla at 45-degree angle.

Followed by microneedling

from baseline to third
follow-up 3.20+0.274 mm,
4.10+0.652 mm, respectively

at the required area.
Treatment sessions: 6 sessions

with 7-days intervals

Patient satisfaction

Not reported

Safety
Minimal transient discomfort
No sever adverse effects reported

commercial HA formulations, all evaluated types showed consis-
tent clinical efficacy, yielding comparable positive results. Evidence
from five randomized controlled studies (RCTs) supports these
findings [19, 20, 24, 28, 34]. Significant improvements were re-
ported over a follow-up period of 6-12months, a mean increase in
papilla height (PH) of 0.28 mm, and reductions in black triangle
area (BTA) of up to 0.45mm? in HA-treated groups compared to sa-
line controls [28]. A clear concentration response relationship was
observed, as higher HA concentrations were associated with supe-
rior clinical outcomes; in particular, 5% HA achieved more signifi-
cant improvements in PH and BT dimensions compared with lower
concentration, including 1% and 2% HA [22]. Lower-concentration
formulations demonstrated more modest effects and were not di-
rectly comparable to higher-concentration protocols. Collectively,
these findings indicate that clinical outcomes following HA injec-
tion are strongly influenced by concentration and should be inter-
preted within the context of the specific formulation used.

In studies evaluating adjunctive or alternative biologic ap-
proaches, combination therapies and regenerative modalities
demonstrated favorable clinical outcomes. In a RCT, Bal et al.
reported that HA combined with plasma-rich growth factors re-
sulted in a mean reduction in deficient papillary area of 77.42% at
12weeks, compared with 57.62% for HA alone [19]. In a separate
RCT, Vadiati Saberi et al. reported greater reductions in BTA and
higher patient satisfaction scores with albumin-enriched PRF
compared with HA monotherapy at 6 months [34]. Alternative
modalities were less commonly studied than HA interventions.
In the case series by Puri et al., the use of injectable platelet-rich
fibrin (i-PRF) resulted in complete papilla infill in 3 sites, 75%
infill in 1 site, and 66.6% infill in 2 sites accompanied by high
levels of patient-reported satisfaction [23]. In a prospective study,
Chen et al. demonstrated reductions in BTA (0.58 +0.95mm?)
and BTH (0.57+0.63mm) at 12months following treatment
with LPCGF combined with LLLT [12]. In parallel, Zanin et al.
reported that hemolaser therapy achieved complete interdental
papilla fill in all treated sites, with stability maintained over a
long-term follow-up of 4-5years [13].

Microneedling combined with vitamin C injections was eval-
uated in a single prospective study by Ahuja et al., which re-
ported a mean increase in PH of 0.900 + 0.418 mm at long term
follow up and 0.340+0.152mm at short term follow up [11]. In
a separate prospective study, Yamada and authors employed a
tissue-engineered injectable papilla using bone marrow-derived
mesenchymal stem cells combined with PRP and HA, which re-
sulted in significant improvements in BT reduction, with a mean
PH increase of 2.55+0.89 mm maintained over an extended fol-
low-up period of up to 69 months [32].

Only seven studies assessed patient satisfaction following treat-
ment [20-23, 30, 33, 34]. Validated patient-reported outcome
measures (PROMs) were not employed in most of these studies;
only one RCT classified as level II evidence, used a visual ana-
logue scale (VAS) to evaluate patient satisfaction [20, 34]. Most
satisfaction data were derived from studies using HA interven-
tions, with a few reports involving i-PRF and tissue-engineered
papilla. Although reported satisfaction was generally positive,
the lack of standardized assessment tools limits the reliability
and comparability of these findings. Furthermore, most stud-
ies reporting on patient satisfaction were level III-IV evidence,
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TABLE 5 | Risk of bias.

Data Overall
Authors and Study collection = Withdrawals global
publication Year  Selection bias design ConFounders Blinding method/s and dropouts rating
Ebrahimi et al. Moderate High High High Moderate Not applicable High
(2023) [27]
Ni et al. (2021) [28] Low Low Moderate Moderate High Moderate Moderate
Pitale et al. (2021) Moderate High High High Moderate Not applicable High
[29]
Alhabashneh et al. Moderate High High High Moderate Not applicable High
(2021) [30]
Mandel et al. Low Low Moderate Moderate High Moderate Moderate
(2021) [33]
Patil et al. (2020) Moderate High High High Moderate Not applicable High
(25]
Singh & Vandana Moderate High High High Moderate Not applicable High
(2019) [21]
Abdelraouf et al. Low Low Moderate Moderate High Moderate Moderate
(2019) [20]
Bertl et al. (2017) Low Low Moderate Moderate High Moderate Moderate
[24]
Lee et al. (2016) Moderate High High High Moderate Not applicable High
[26]
Awartani& Moderate High High High Moderate Not applicable High
Takakis (2016)
[22]
Bal et al. (2023) Low Low Moderate Moderate High Moderate Moderate
(19]
Vadiati Saberi Moderate Low Moderate High Moderate Not applicable High
et al. (2024) [34]
Puri et al. (2022) Moderate High High High Moderate Not applicable High
(23]
Zanin et al. (2018) High High High High Moderate Not applicable High
(13]
El Mobadder et al. High High High High Moderate Not applicable High
(2024) [31]
Chen et al. (2022) Moderate High High High Moderate Not applicable High
(12]
Yamada et al. Moderate High High High Moderate Not applicable High
(2013) [32]
Ahuja et al. (2022) Moderate High High High Moderate Not applicable High

(11]

highlighting the need for future RCTs to incorporate standard-
ized, validated PROMs to better assess patient-centred outcomes.

The safety profile of non-invasive modalities was consistently
favorable across the included studies, with no major compli-
cations reported. The most common adverse events were mild,
transient discomfort, swelling, or tenderness at the injection

site [11, 21, 22, 24, 29, 30]. These were primarily associated with
HA injections and typically resolved within a few days. PRF and
platelet-rich growth factors injections were also well tolerated,
with no adverse events reported [19, 23]. Rare complications,
such as localized granuloma formation and transient lip swell-
ing, were reported in an isolated case involving HA, as described
by Bertl et al., these resolved without long-term sequelae [36].
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TABLE 6 | Descriptive summary of reported papillary fill outcomes across included studies (non-comparable data).

No. of
Author and sites with  No. of sites Interval time
publication, Treatment No.of complete with partial Number of between
year modality sites infill infill % Of papillary fill  applications  applications
Ebrahimi et al. HA 20 20 70.256 3 2weeks
(2023) [27]
Ni et al. (2021) HA 68 NR 3 3weeks
[28]
Pitale et al. HA 25 12 13 48-100 1 NR
(2021) [29]
Alhabashneh HA 86 NR 2 3weeks
et al. (2021) [30]
Mandel et al. HA 160 160 86.1-96.0 1 NR
(2021) [33]
Patil et al. HA 14 8 6 16-100 3 3weeks
(2020) [25]
Singh & HA 42 1 41 50-100 3 1week
Vandana (2019)
[21]
Abdelraouf HA 16 16 NR 3 3weeks
et al. (2019) [20]
Bertl et al. HA 11 11 NR 2 4weeks
(2017) [24]
Lee et al. (2016) HA 43 29 14 19-100 Upto5 3weeks
[26]
Awartani& HA 17 3 8 2.1-100 3 3weeks
Takakis (2016)
[22]
Bal et al. (2023) HA+ PRGF 18 18 42.28-91.19 3 3weeks
[19]
Vadiati Saberi HA + Alb-PRF 46 46 56-64 2 3weeks
et al. (2024) [34]
Puri et al. I-PRF 6 3 3 66.6-100 1 NR
(2022) [23]
Zanin et al. PBMT 9 9 100 2 1week
(2018) [13]
El Mobadder PBMT 1
et al. (2024) [31]
Chen et al. LPCGF with 67 24 43 NR 6 2-8weeks
(2022) [12] LLLT
Yamada et al. TEP 11 11 NR Mean 2.2+1.6 NR
(2013) [32]
Ahuja et al. Vitamin C 15 15 NR 6 1week
(2022) [11] injection and

Microneedling

4 | Discussion

The findings of the present review are broadly consistent with,
yet extend beyond, those reported by Barakat [14] and Patel et al.

[15] who highlighted the potential of non-surgical approaches
for interdental papilla reconstruction. The present review ex-
tends this work by focusing on non-surgical cosmetic modalities
and providing a structured appraisal of the available evidence
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across treatment efficacy, safety, and patient-reported outcomes.
However, it must be acknowledged that the evidence in these
latter domains remains limited, with studies inconsistently re-
porting safety data and rarely employing validated PROMs.
Across the included studies, individually reported improve-
ments in PH ranged descriptively from approximately 0.3 mm
to 2.55mm, and reductions in BTA of up to 0.45mm? were re-
ported within individual RCTs. These values are presented for
descriptive and contextual purposes only, given that no formal
data pooling was performed owing to considerable heterogene-
ity in study designs, outcome measurement methods, treatment
protocols, and follow-up durations. Also, it is important to em-
phasize that the overall body of evidence is limited in method-
ological strength; no Level I evidence was identified, six studies
were classified as Level II, and the remaining 13 were Level III
or I'V. Furthermore, all included studies were judged to have at
least one methodological concern, with 14 studies rated as high
risk of bias, five as moderate risk, and no study was rated as low
risk of bias. Accordingly, all findings must therefore be inter-
preted with caution.

Overall, the available evidence suggests that non-surgical cos-
metic interventions may be associated with favorable aesthetic
outcomes. Prospective studies reported partial or complete
papilla fill, with some studies documenting complete correction
at treated sites [12, 13, 21-26]. However, treatment protocols
varied considerably with respect to the number of applications,
injection volumes, and intervals between sessions, underscor-
ing a lack of standardization across studies. In addition, clini-
cal outcomes are influenced by anatomical factors beyond the
treatment modality itself, including bone crest to contact point
distance (BC-CP), interproximal width, gingival tissue thickness,
tooth form, and axial root inclination [37]. For example, BC-CP
distance of 5mm or less is generally associated with complete
papilla fill, whereas distances exceeding 6-7 mm are more likely
to result in persistent deficiencies. Most included studies did not
systematically account for these parameters, which may partly
explain the variability in reported outcomes. Future studies
should incorporate standardized anatomical characterization to
enable more meaningful interpretation of treatment effects.

Among the evaluated modalities, HA injections were the most
extensively investigated modality and were associated with
consistently reported positive outcomes within the included
studies, although these findings are derived predominantly
from studies with moderate to high risk of bias. RCTs re-
ported significant improvements in PH and reductions in BTA
over 6-12months, with higher concentrations producing su-
perior results [20, 24, 28, 33, 34]. However, the clinical effect
of HA appears to be transient, often necessitating repeated
injections, and outcomes may vary between commercially
available formulations. Variability in HA concentration and
treatment frequency represents an important source of het-
erogeneity among studies. While higher concentrations and
repeated treatment sessions are biologically and clinically ex-
pected to enhance papilla fill, the current evidence does not
allow reliable dose- or frequency-specific conclusions. Despite
these encouraging results, the additional cost and increased
procedural complexity associated with repeated treatments
may restrict widespread clinical application. Importantly,
there is a marked imbalance in the available evidence across

modalities: hyaluronic acid was evaluated in 14 of the 19 in-
cluded studies, counting five RCTs, and is therefore the only
modality for which tentative conclusions regarding effective-
ness can be drawn.

All other modalities are supported by limited data and should be
considered preliminary. Moreover, for alternative biologic and
device-based modalities, the available evidence is derived from
small case series, single prospective studies, or heterogeneous
protocols. Accordingly, findings related to these approaches
should be interpreted cautiously in light of the limited evidence.
For example, i-PRF was reported to achieve complete or partial
papilla infill with high patient satisfaction, although current
evidence is limited to small case series, reducing generalisabil-
ity [32]. Similarly, microneedling with vitamin C demonstrated
a measurable increase in PH; however, evidence is limited to
a single study and should be interpreted as preliminary, with
long-term stability remaining uncertain [11]. Extending be-
yond these biologic methods, tissue-engineered strategies such
as mesenchymal stem cells combined with HA or PRP yielded
the most substantial long-term improvements, with PH gains
sustained over extended follow-up periods [32]. Despite their
potential, these advanced regenerative approaches remain ex-
perimental, requiring complex preparation, ethical approval,
and high costs, which currently limit their clinical feasibility.
Moving from biologic to device-based interventions, laser-
assisted techniques, including LLLT and hemolaser therapy,
have also demonstrated favorable reductions in BT dimensions
and, in some cases, complete papilla fill maintained over several
years [12, 13, 31]. Nevertheless, the high cost of equipment, the
need for specialized training, and protocol variability restrict
broader application.

The interpretation of findings from this review is constrained
by two key factors: study quality and outcome heterogeneity.
All included studies exhibited at least one methodological lim-
itation, with the majority classified as high risk of bias due to
small sample sizes, lack of blinding, and short follow-up du-
rations. In addition, outcome measures varied considerably
across studies, including BTA, BTH, PH, percentage papil-
lary fill, and subjective or photographic assessments, often
without standardized or validated measurement protocols. In
particular, only a small number of studies evaluated patient
satisfaction, and validated PROMs were rarely used. Given that
aesthetic outcomes and patient satisfaction are central to the
management of interdental papilla deficiencies, the lack of stan-
dardized and validated PROMs instruments limits meaning-
ful interpretation of treatment success. Future studies should
prioritize the use of validated and standardized PROMs to im-
prove comparability and strengthen patient-centered outcome
assessment. As a result, the overall conclusions of this review
are necessarily qualitative and descriptive. Although the con-
sistent direction of findings provides a degree of cautious op-
timism, non-surgical cosmetic interventions should currently
be regarded as adjunctive rather than definitive treatment
options. Future research should prioritize well-designed, ad-
equately powered RCTs with standardized outcome measures,
validated patient-reported outcomes, and longer follow-up pe-
riods. The development of a core outcome set for interdental
papilla reconstruction would further enhance comparability
and strengthen the evidence in this field.
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4.1 | Limitations

As outlined in the methodology section, this review does not
constitute a systematic review; no protocol was prospectively
registered, the search strategy was not exhaustive, and the meth-
odological safeguards required for systematic reviews were not
applied. It should therefore be interpreted within the method-
ological context of the BestBETs framework, which provides a
practical, clinically oriented approach to evidence synthesis for
focused clinical questions.

In addition to these methodological considerations, several lim-
itations of the included studies must also be considered. First,
the number of studies evaluating non-surgical cosmetic inter-
ventions for interdental papilla reconstruction remains limited,
and most available evidence originates from small-scale case
series or non-randomized clinical trials. Consequently, the over-
all strength of evidence is moderate to low, and the potential
for publication bias cannot be excluded. Also, the search strat-
egy was restricted to English-language publications, and gray
literature and clinical trials registries were not systematically
searched. Moreover, the search terms were primarily condition-
specific rather than intervention-specific. This means that terms
such as ‘injectable PRF, ‘platelet-rich fibrin, ‘photobiomod-
ulation, and ‘low-level laser therapy’ were not systematically
included, which may have reduced the sensitivity and compre-
hensiveness of the search, particularly for emerging modalities.
Second, considerable heterogeneity was observed across studies
in terms of injection techniques, treatment frequency, follow-up
duration and outcome assessment methods, precluding quantita-
tive meta-analysis. The short duration of effect of HA, the need
for repeated injections, and variability among formulations, con-
centrations, and treatment frequency further limit the strength
of the evidence. Although higher concentrations and multiple
sessions are expected to enhance papilla fill, current data do
not allow dose- or frequency-specific conclusions, highlighting
the need for standardized protocols in future studies. Third,
most studies have focused on the treatment of deficient papillae
Nordland & Tarnow class I and II in the upper and lower jaws,
predominantly in female patients, which can limit the generalis-
ability of the results. In addition, validated PROMs were rarely
employed, and safety data were inconsistently reported, limiting
the ability to draw firm conclusions regarding patient satisfaction
and long-term treatment safety.

A further limitation relates to outcome assessment method-
ology. Many studies relied on two-dimensional photographic
analysis, which is susceptible to variability in image acqui-
sition, including angulation, magnification, and lighting
conditions, thereby reducing reproducibility. Emerging three-
dimensional digital technologies, such as intraoral scanning
and structured light imaging, may offer more accurate and
standardized assessment of papilla dimensions and should be
incorporated into future research to mitigate potential mea-
surement bias.

Finally, the review focused on cosmetic non-surgical modalities
and direct comparisons with surgical techniques were beyond
its scope.

4.2 | Clinical Recommendations

The following recommendations are provisional and intended
to guide clinical decision-making in the absence of stronger ev-
idence. To note that no included study was rated as low risk of
bias, and no Level I evidence was identified. Accordingly, these
recommendations should not be interpreted as definitive prac-
tice guidelines and remain subject to revision as higher-quality
evidence becomes available.

That said, within the limitations of available evidence, clinicians
should approach non-surgical cosmetic management of inter-
dental papilla deficiencies with careful case selection and realis-
tic patient expectations. HA fillers represent the most extensively
studied non-surgical modality and have demonstrated consis-
tently reported positive outcomes and a favorable short-term
safety profile, particularly for Nordland & Tarnow class I and II
papillary deficiencies in both jaws. Autologous platelet concen-
trates may offer additional regenerative potential, particularly
when combined with HA, though evidence remains preliminary.
Other emerging modalities, including photobiomodulation, mi-
croneedling, and vitamin C adjunctive therapy, show early prom-
ise but require further validation before routine clinical use.

Clinicians should prioritize individualized treatment planning
and informed consent that reflects the experimental nature of
many of these techniques. Documentation of both clinical and
patient-reported outcomes, along with systematic safety mon-
itoring, is strongly encouraged to strengthen future evidence.
Until higher-quality evidence becomes available, these inter-
ventions should be considered adjunctive rather than definitive
alternatives to established surgical methods.

5 | Conclusion and Future Perspective

Available evidence suggests that non-surgical cosmetic inter-
ventions may offer a potential approach for the management
of interdental papilla deficiencies. HA injections have cap-
tured most of the attention in clinical research. However, the
overall body of evidence remains limited in methodological
strength, with no level I evidence, small sample sizes, and a
predominance of studies at moderate-to-high risk of bias. As
for the effects of other modalities, including autologous plate-
let concentrates, photobiomodulation therapy, microneedling,
and tissue-engineered approaches, data is currently limited
and should be considered preliminary. In addition, heteroge-
neity in outcome measures and variability in treatment proto-
cols restrict direct comparison between studies and limit the
strength of overall conclusions.

While reported clinical and aesthetic improvements are encour-
aging, the long-term stability of these interventions remains
uncertain, and patient-reported outcomes are inconsistently as-
sessed. Therefore, current findings should be interpreted with
caution. Future research should focus on well-designed, ade-
quately powered RCTs with standardized outcome measures,
longer follow-up periods, and the incorporation of validated
PROMSs to better inform clinical practice.
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