ACTA ODONTOLOGICA SCANDINAVICA
2022, VOL. 80, NO. 4, 295-307
https://doi.org/10.1080/00016357.2021.2007282

Taylor & Francis
Taylor &Francis Group

‘ W) Check for updates‘

REVIEW ARTICLE

Hyaluronic acid injection to restore the lost interproximal papilla:
a systematic review

Adriana Castro-Calderén®*, Andrea Roccuzzo®<* (%), Martina Ferrillo®, Sneha Gada®, José Gonzélez-Serrano?,

Manrique Fonseca” and Pedro Molinero-Mourelle"

Department of Dental Clinical Specialties, School of Dentistry, Complutense University, Madrid, Spain; "Department of Periodontology,
School of Dental Medicine, University of Bern, Bern, Switzerland; “Department of Oral and Maxillofacial Surgery, Copenhagen University
Hospital (Rigshospitalet), Copenhagen, Denmark; “Department of Health Sciences, University of Catanzaro “Magna Graecia”, Catanzaro, Italy;
®Department of Oral Surgery and Stomatology, School of Dental Medicine, University of Bern, Bern, Switzerland; ‘Department of
Reconstructive Dentistry and Gerodontology, School of Dental Medicine, University of Bern, Bern, Switzerland; 9Conservative Dentistry and
Orofacial Prosthodontics, School of Dentistry, Complutense University, Madrid, Spain

ABSTRACT

Objectives: To assess the efficacy and safety of hyaluronic acid (HA) injections to restore the lost inter-
proximal papilla.

Materials and Methods: A systematic literature search was conducted in PubMed/MEDLINE, Scopus
and Cochrane electronic databases with no time restriction up to September 2021. Any clinical study
evaluating HA injection into the interproximal papilla loss Class | and Il according to Norland &
Tarnow, were included based on the following PICO questions (1) Are HA injections effective for the
reconstruction of the interproximal papilla loss? (2) What are the side/adverse effects of using HA for
the reconstruction of interproximal papilla loss? The risk of bias assessment was performed using the
Cochrane Collaboration’s the Newcastle Ottawa and Joanna Briggs institute tools.

Results: A total of 1497 titles were retrieved. From these, eleven were included and underwent full
data extraction. However, due to heterogeneity in the data among the included articles, a meta-ana-
lysis could not be performed. Three articles reported no-differences in term of papilla tip to contact
point distance or the papilla fill reduction. Finally, five studies showed a reduction in the black triangle
with a percentage range between 19 and 47%.

Conclusion: The non-surgical use of HA injection seems to have a positive effect on the re-establish-
ment of interproximal papilla lost. However post-operative complications might develop.
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Introduction of the habits, prosthetic and spatial factors [1-3,12].
However, the non - surgical techniques are more time con-
suming and less-invasive [1]. To obtain faster short results,
the infiltration of different growth factors (i.e. platelet-rich
plasma [13], fibroblasts [14], stem cells [15], hyaluronic-acid
(HA) has been implied with promising short-term results. HA

is an essential glycosaminoglycan of high density associated

The gingival tissue area located between the interproximal
alveolar bone (IAB) and the contact point (CP) constitutes
the interproximal papilla. The papilla loss might lead to
‘black triangles’ (BTs), which are mainly related to the peri-
odontal attachment loss, but also to inadequate contours of
restorations or prosthetic crowns [1], diastemas [2], abnormal

tooth shape, an increased distance between CP and alveolar
bone as well as to traumatic interproximal hygiene habits [3],
gingival biotype and periodontal disease [4,5]. The develop-
ment of BTs produces aesthetic and phonetic problems,
especially if located in the aesthetic zone [6,7]. Therefore,
several non-surgical and surgical procedures have been pro-
posed to re-create the lost interproximal tissue. More specif-
ically, micro-surgical mucogingival procedures have been
tested [8-10], but their efficacy is limited and the treatment
outcomes remain unpredictable due to the limited vascular
supply of the papilla which does not allow an optimal heal-
ing [11]. Non-surgical techniques revolve around correction

to collagen molecules or proteoglycans, contributing the
extracellular matrix to be more resistant providing regenera-
tive and restorative properties to the tissue

However, there are still some concerns on its routinely
clinical use due to the lack of clinical outcomes predictability
[16,17] and due to the onset of post-operative adverse
effects such as swelling and extreme tenderness with a burn-
ing sensation on the lip [18]. To the authors’ best know-
ledge, no systematic been performed to
summarise the current evidence on the use of HA locally
injected for the reconstruction of missing papillae. Therefore,
the aim of the present study was to assess the efficacy and

review has
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safety of HA injections in patients with interproximal papil-
lae loss.

Method and materials

The present systematic review was conducted following the
PRISMA guidelines [19], the following focussed PICO (popula-
tion, intervention, comparison, and outcome) questions
were developed:

1. Are HA injections effective for the reconstruction of the
interproximal papilla loss?

2. What are the side/adverse effects of using HA for the
reconstruction of interproximal papilla loss?

The following inclusion criteria were applied: any human
clinical study (i.e. RCTs, cohort studies or case series) pub-
lished in English, Italian and Spanish. No restriction with
respect to the first follow-up examination were applied.

The population (P) of the selected studies should include
individuals with interproximal papillary loss who received HA
injections as intervention (I) to restore the interproximal pap-
illary loss, which may be compared (C) to a control group
(i.e. placebo and/or other material, if available). The investi-
gated outcomes (O) were: (1) vertical papilla gain in milli-
metres (mm), (2) volume change of interdental papilla
(mm?), (3) or the reduction of the BT (%).

The vertical papilla gain (mm) could be evaluated as the
distance between papilla tip and contact point (PT-CP) or
the distance between papilla tip and the apical margin of
the stent cast. All related studies included might analyse the
results with digital analysis program or morphometric meas-
urements. Regarding gingival volume changes (mm?) and/or
reduction of the BT (%), the results could be evaluated using
morphometric measurements with a periodontal probe cali-
bration and compared with pixels and image ana-
lysis programs.

The exclusion criteria were, (1) studies that did not assess
the use of HA for papillary reconstruction in patients with
interdental papillary loss; (2) studies that evaluated the use
of HA in conjunction with graft tissue surgery; (3) review
articles; (4) case reports; (5) commentaries; (6) letters to the
editor, or (7) unpublished articles.

Information sources

A comprehensive search of the literature was conducted
with the no time restriction up to September 2021 in the fol-
lowing electronic databases: PubMed/MEDLINE, The
Cochrane Library and Scopus. The search strategy was real-
ised using the following combination of free text and key-
words and MeSH terms adapted to each database:
((hyaluronic acid) OR (HA) OR (hyaluronic acid filler) OR (ha
filler injection) OR (injectable hyaluronic acid gel) OR (hyalur-
onic acid gel injection) OR (hyaluronan) OR (HY) OR (hyalur-
onan injection) OR (local injection) OR (filler) OR (filler
injection) OR (dermal filler) OR (biodegradable filler) OR (gly-
cosaminoglycan)) AND ((papilla) OR (papillae) OR (papilla

defect) OR (interdental papilla) OR (interdental papillae) OR
(pyramidal papilla) OR (interproximal papilla) OR (gingival
papilla) OR (gingival interdental papilla) OR (gingival inter-
dental papilla defect) OR (papilla reconstruction) OR (missing
papilla) OR (black triangle) OR (black triangle space) OR (gin-
gival black triangle) OR (contact point) OR (embrasure) OR
(embrasure morphology) OR (papillary recession) OR (papil-
lary deficiency) OR (recession) OR (papilla reconstruction) OR
(papilla loss) OR (gingival papilla loss) OR (papilla volume
augmentation) OR (deficient papilla) OR (interdental papillary
deficiency) OR (papilla augmentation) OR (interdental papilla
augmentation)).

Two independent researchers (ACC and AR) compared
search results to ensure completeness and duplicated papers
were removed. Full titles and abstracts of the remaining
papers were screened individually. Finally, full text articles
were selected according to the criteria described above.
Differences in eligible studies were resolved by discussion
with a third reviewer (JGS). Cohen’s kappa score was calcu-
lated to measure the interrater agreement (Interrater agree-
ment: 82.5%; Cohen’s kappa score of 0.712: substantial
agreement). The references of the included studies were also
reviewed for possible inclusion.

Two independent reviewers (ACC and AR) extracted the
data. Any disagreements were solved by discussion with a
third reviewer (JGS). Data extraction included the following
information: The general characteristics of the selected
papers: first authors, type of study, recruitment of patients,
sample characteristics (population, age, and gender), number,
location and type of papilla analysed, inclusion and exclusion
criteria and clinician that performed the injections (Tables 1
and 2); Description of the methods used in the selected
studies: author and year of publication, type of hyaluronic
acid, number of injections, number of sessions, injection
technique, post-surgical medication, measurements tools,
patient satisfaction and complications (Table 3); Papilla vol-
ume changes: vertical gain (mm), gingival volume change
(mm?) and reduction of BT area (%) (Table 4).

Risk of bias in individual studies

Two independent reviewers (ACC and AR) assessed the
methodological quality of the included studies, and any dis-
agreement was resolved with the assistance of a third
researcher (JGS). The Joanna Briggs Institute (JBI) standar-
dised critical appraisal instrument was used for case series
studies, which incorporates 10 questions [20]. Based on the
answers, an overall of 5 or less ‘Yes' were considered as the
study would have a high risk of bias, while more than 5 ‘Yes’
would consider the study to have a low risk of bias.
Controlled clinical trials were evaluated following the
Cochrane Collaboration’s tool for assessing risk of bias, which
incorporates 7 domains [21]. The studies were classified as
low risk of bias (low risk of bias for all key domains], unclear
risk of bias (unclear risk of bias for 1 or more key domains)
and high risk of bias (high risk of bias for 1 or more key
domains) [21]. In addition, the quality of prospective studies
was assessed with the modified Newcastle Ottawa scale [22].
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Table 2. Characteristics of the provided interventions in the selected studies.

Author, year
(City, Country)

Intervention (Test)

Intervention (Control)

Becker et al,, 2010
(Tucson, USA)

Mansouri et al., 2013
(Teheran, Iran)

Awartani et al., 2016
(Riad, Saudi Arabia)

Bertl et al., 2016
(Vienna, Austria)

Lee et al.,, 2016
(Gwangju, Korea)

Abdelraouf et al., 2019
(Cairo, Egypt)
Ni J et al,, 2019

Local anaesthetic was administered. Hyaluronic-based gel (less than 0.2 mL) was injected
2-3mm apical to the tip of the papilla

Local anaesthesia administration and less than 0.2 ml hyaluronic acid gel was injected at the
base of the papilla. The procedure was repeated 3 weeks and 3 months

Local anaesthesia and 0.2 ml of the cross-linked hyaluronic acid clear gel: 1 was injected
directly into the middle of the papilla, 2- 3 mm apical to the tip of the papilla. Injection
was followed by gentle massage of the area for 1 min. Treatment was repeated at 21
and 42 days

Local anaesthesia gel and injection of 1 ml of the gel contains 16 mg cross-linked Na-
hyaluronate and 2 mg Na-hyaluronate. Delivery was performed using pressure syringe for
standardised dose delivery (0.06 ml per “click”) and a 3-step technique. Treatment was
repeated at 28 days

The single application
volume of the injection-assisting device
was set to 0.002 cc. The injectable hyaluronic acid gel
was applied 2 to 3mm below the interdental papilla tip.
Treatment was repeated up to five times
during 3-weeks

Local anaesthesia administration and infiltration of 0.1 mm of hyaluronic acid gel using a 30-
gauge disposable insulin syringe. The needle was inserted 2-3 mm apical to the papilla tip

Local infiltration anaesthesia and an injection of the hyaluronic acid gel at the base of the

Same as Test group but with the
delivery of saline solution

Same as Test group but with the
delivery of saline solution

(Shanghai, China)
3 weeks and 6 weeks
Singh et al,, 2019
(Karnataka, India)
Spano et al.,, 2019
(Toronto, Canada)
for a total of 0.2 to 0.6 mL per papilla. No sutures
Turgut et al., 2020
(Gazi, Turkey)
Alhabashnehet al.,
2020
(Irbid, Jordan)

papillae regions
Local anaesthesia delivered and hyaluronic acid gel

deficient papilla. Two additional injections were performed

Local infiltration anaesthesia and an injection < 0.2 ml of the hyaluronic acid gel 2-3 mm -
apical to the coronal tip of the papilla. Injection was repeated on 2" and 3" weeks

Local anaesthetic and a 3 to 5mm horizontal incision was made in the alveolar mucosa 2 mm -
apical to the mucogingival junction. Subsequently, additional dermal filler was administered

Local anaesthetic and application of with hyaluronic acid filler injection to consecutive -

injected in a three-step technique. Injections were repeated 21 days after the first injections.

Results
Selection of studies

The search strategy yielded 1437 articles, of which 736
remained after removing the duplicates. Thereafter, 2 inde-
pendent researchers (ACC and AR) reviewed all of the titles
and abstracts and excluded 538 titles that did not address
the issue, obtaining 20 potential references. Thereafter, 9
articles were discarded with reasons: two were literature
reviews, two were case reports, one had the same study with
same authors in different journal one did not evaluate verti-
cal and surface gain of the papilla effect of the HA, and three
studies evaluated the effect of HA with a gingival graft sur-
gery. Finally, 11 papers were included and underwent full
data extraction [23-33] (Figure 1). Interrater agreement was
82.5% with a Cohen’s kappa score of 0.712 (substan-
tial agreement).

Characteristics of included studies

From the 10 articles, six were case series [23-25,27,29,31],
two randomised clinical trials [25,27] and three prospective
studies [30,32,33]. The selected articles were published
between 2010 and 2020. A total of 133 patients (507 sites),
184 were cases (483 sites) and 14 were controls (24 sites). All
analysed papillae were in the anterior aesthetic location
[23-33]. Regarding gender, there were 84 females and 41
males. Individuals age ranged from 29 to 60years. None of

the included patients had systemic diseases or were smokers
[24-33] and only one study did not specify their inclusion cri-
teria [23]. For the initial treatment phase or bad plaque con-
trol, 5 studies performed oral hygiene techniques,
supragingival debridement treatment plan [24,25,28,29,32],
subgingival scaling treatment [28,32,33] or scaling of the
interdental space and adjacent teeth with hand curettes [31].
Four studies did not specify any plaque debridement
[23,26,27,30], four studies described that the injection was
performed from the same clinician [26,28,29,32], whereas the
remaining of studies did not specify [23-25,27,30,31,33].
Details of patients’ characteristics and of the provided inter-
ventions are summarised in Tables 1 and 2.

Risk of bias assessment

Cases series

One study was assessed as low quality [27] and five studies
were assessed [23,24,26,28,30] as high-quality according
Joanna Briggs Institute (JBI) standardised critical appraisal
instrument (Table 5). Among the limitations of these studies,
we found that 5 of them did not specify the period of time
in which the patients were treated or whether they were
consecutive patients [23-25,27,29]. Moreover, one study did
not specify inclusion/exclusion criteria [23], 3 studies used a
classification of Nordland y Tarnow for the papilla defects
[25,29,31], and 2 of them did not perform any type of statis-
tical analysis [23,29].
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Records identified through database searching
(n=1497)

\4

l l

Records identified through Records identified through Records identified through
Pubmed/MEDLINE Scopus Cochrane
(n=1137) (n=42) (n=318)
Records after duplicates
removed (n=736)
A Title/abstract articles excluded.
Records screened > Reasons:
(n=558) Not related to the scope of the
review (n=538)
‘ .
] Full-text articles excluded (n=9).
Full-text articles assessed Reasons:
for cligibility > - Literature Review (n=2)
(n=20) - Case Report (n=2)

- Same study in different journal

(n=1)

Studies included in
qualitative synthesis
(n=11)

- Not evaluated vertical and/or
surface gain of the papilla (n=1)

- Adjuvant used of hyaluronic
acid with gingival graft surgery

[ INCLUDED ] [ ELIGIBILITY ][ SCREENING 1 [ IDENTIFICATION j

(n=3)

Figure 1. Flow diagram of the literature search, according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).

Table 5. Studies quality assessment by means of the Joanna Briggs Institute scale.

Quality of the studies was assessed by the Joanna Briggs Institute.

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall appraisal
Becker et al. (2010) U Y N N Y Y N Y N N 4
Mansouri et al. (2013) Y Y N N Y Y N Y Y Y 7
Awartani et al. (2016) Y Y Y N N Y Y Y Y Y 8
Lee et al. (2016) Y Y N N N Y N Y Y Y 6
Ni J et al. (2016) Y Y Y N Y Y Y Y Y Y 9
Spano et al. (2019) Y Y Y Y Y Y Y U Y N 8

Controlled clinical trials

According to the 7 domains for assessing risk of bias of the
Cochrane Collaboration’s tool, we determined that the 4 con-
trolled trials included in this systematic review had high risk
of bias (high risk of bias for 1 or more domain). Two of them
had high risk of performance bias as the blinding of the clini-
cians could not be achieved because HA and control group
presented different consistency [26,28] and different resist-
ance to injection [28]. The other two studies had high risk of
selection bias as no randomisation was performed [30,32]
and no allocation concealment was made [32]. Meanwhile,

Turgut et al. study [32] had high risk of performance bias as
there was no blinding, and high risk of detection bias
because the same operator performed the injections and the
outcomes assessment (Figure 2).

Prospective cohort studies

According to the NOS scale, one study scored 4 points [30],
other six [32] and finally the last included study obtained 7
points. These obtained scores reflect an adequate quality
among the included the assessment (Table 6).
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w . Allocation concealment (selection bias)

~ | @ | @ | Blinding of participants and personnel (performance bias)

Random sequence generation (selection bias) _

Allocation concealment (selection bias) c-

Blinding of participants and personnel (performance bias) l:_
Blinding of outcome assessment (detection bias) _

® | ® | ® | ® | Random sequence generation (selection bias)

® | ® | ® | ® | selective reporting (reporting bias)

©®  ® | ® | ® |siinding of outcome assessment (detection bias)
® | ® ®|® |ncomplete outcome data (attrition bias)

(o]
% Incomplete outcome data (attrition bias) _
@
5 Selective reporting (reportng bias) [
Bertl 2016 @ I t t t i
) 0% 25% 50% 75%  100%
Singh 2019 2 ®
Turgut 2020 o e @ | . Low risk of bias D Unclear risk of hias . High risk of bias |

Figure 2. 'Risk of bias's summary: review authors’ judgements about each risk of bias item for each included study and bias item presented as percentages across

all included studies.

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

Newcastle Ottawa Scale

Author Year Study design Follow-up Selection Comparability Outcome/Exposure Total
Singh et al. 2019 Prospective cohort 6 *okk R ¥ 2
Turgut et al. 2020 Prospective cohort 24 HHokk * * 6
Alhabashneh et al. 2020 Prospective cohort 6 ok * *k 7

Synthesis

Only 2 studies, which reported mean +standard deviation
(SD) of PT-CP (in mm) in both HA and control groups [26,28].
The other studies included in this systematic review did not
have a control group. However, both these studies [26-28]
performed different administration techniques and used dif-
ferent methods to evaluate the papilla gain. To perform this
meta-analysis, the data was considered as heterogenous.
Hence a meta-analysis could not be performed.

Data synthesis

Papilla evaluation score

Five studies [25,28,29,31,33] used Nordland & Tarnow
Classification [2]: four of them [25,28,29,33] included Class |
and Il defects, while one study included Class I, Il and llI
defects [29]. Two studies [26,32] used the Modified Papilla
Index Score (MPIS) [33], and one study [30] classified the
papilla defects according to Cardaropoli Classification [34].
Four studies did not specify the papilla classification
[23,24,27]. Additional information on the applied scores is
listed in Table 3.

HA injection intervention

Three of the selected studies did not specify the use of local
anaesthesia [24,25,27]. Eight studies performed a previous
local anaesthesia before HA injection [23,26,28-33]. Eight
studies used an injection of 0.2ml hyaluronic-based gel
[23-25,27,30-33] and 3 studies used a concentration of
0.1ml hyaluronic-based gel [26,28,29]. Only one study [31]

performed an incision on the alveolar mucosa above the
deficient papilla. Three studies performed 3 injections per
session [26,32,33], meanwhile 8 studies only performed one
injection [23-25,27-31]. Some studies repeated number of
sessions: 5 times [27], 3 times [24,25,28-30,32], between 2-3
times [23], 2 times [26] or one time [31,33]. Eight studies
[23-25,27-29,32,33] repeated sessions in 3 weeks-intervals,
one study [26] after 4 weeks, and one study [30] did it at 2"
week and 3™ week after the baseline. The results of Spano
et al. [31] did not specify when they repeated the injections.
Regarding the injection technique, five studies injected
the filler 2-3 mm apical to the PT [23,25-28], two of them at
2-3mm coronal to the PT [24,30] and three at the base of
the deficient papilla [29,31,33]. Two studies [26,32] per-
formed a 3 injection-technique filling. One study [32]
described a technique with 3 injections at the papilla form-
ing an equilateral triangle with the adjacent teeth. Another 3
injection-technique was described by Bertl et al. [26]: firstly,
creating a reservoir in the mucosa above the mucogingival
junction, secondly injecting 2-3 mm apically to the tip of the
deficient papilla and finally into the attached gingiva/mucosa
just below the base of the deficient papilla. Post-operative
instructions varied among 6 studies [24,25,28,31-33], being
the most common recommendations no brushing within first
24 h and extreme oral hygiene after the procedure. Five stud-
ies did not specify any recommendations [23,26,27,29,30].
Details of the clinical procedures are reported in Table 3.

Papilla measuring tools
Ten studies evaluated the papilla changes with photographs
[23-33], two studies used a morphometric analysis with



periodontal probe calibration and a stent cast reference to
evaluate the vertical papilla gain [28,30]. Four studies eval-
uated with an image software analysis [26,27,29,33] and only
one reported the papilla height changes with a periodontal
probe [31]. No data are available for the vertical augmenta-
tion in four studies [23-25,32]. Seven studies employed
digital programs such as pixel software’s [23,24,27] and
image software analysis [25-28,32] for papilla surface
changes or BT reduction. For the evaluation of the BT reduc-
tion, two studies [26,32] performed intraoral scans. Finally,
the volume papilla changes were not evaluated in four stud-
ies [29-31,33].

Main papilla findings

The interdental papilla loss reconstructions were evaluated in
11 studies and 7 studies evaluated the vertical papilla gain
[26-31,33]. Five studies recorded the papilla augmentation in
mm? [25-27,29,32] and 8 studies described the papilla gain/
BT reduction in percentage [23-25,30-32]. These results are
summarised in Table 4.

Vertical papilla gain
The papilla augmentation evaluation method differed among
studies. Three studies evaluated PT-CP distance in mm
[26,28,31]. Three studies described the change of the height
of the deficient papilla with periodontal probing [27,29,33].
Only one study described the vertical papilla gain with the
distance between the apical margin of the stent and the tip
of the papilla [30]. For the PT-CP distance, Abdelraouf et al.
[28] observed a statistically significant reduction from base-
line to 3months (p <.001), and from baseline to 6 months
(p=.047) in HA group when compared to control group,
respectively. However, authors were not able to reveal sig-
nificant difference in the vertical papilla gain [25,29]. Ni et al.
[29] concluded that the height of the gingival papilla was
increased by 0.311 mm, 0.45mm, and 0.4mm at 3 (p=.015),
6 (p=.001), and 12 (p=.004) months follow-ups, respect-
ively. In addition, Lee et al. [27] did not report a significant
difference in the height of the papilla at 6 months follow-up.
The results of Singh et al. [30] study described the vertical
papilla change with distance from stent cast to PT. In add-
ition, this was the only study that compared three different
concentrations of HA, showing that groups with a 1 and 5%
of HA showed a significant papilla gain (p=.04) (p .001) of
the PT-CP than 2% group. According to Alhabashneh et al.
[33] there was a significant reduction from baseline from
2.14mm to 1.52 mm at 6 months follow up.

Gingival volume changes (mm?)

Three studies evaluated gingival volume changes in mm?
[25,26,32]. The clinical study between 6- and 24-months fol-
low-up [26] showed no differences in the papilla filling when
compared HA with CG at any observation time or within
groups over time. Otherwise, Awartani et al. [25] and Turgut
et al. [32] studies obtained statistically significant (p <.0001)
increase of the papilla at 6 months follow-up.
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Black triangle changes (%)

Nine studies described the percentage of the BT area (%)
[23-25,27-30,32,33]. Regarding the results, another way to
measure changes in the papilla were the percentage of
papilla fill, while others reported the BT reduction. Several
studies established a mean papilla percentage filling from 73
to 92% at 6 months [23,27,31,32]. On the other hand, the BT
reduction varied from 19 to 47% at 6months follow-up
[24,25,28,29,31]. Bertl et al. [26] and Abdelraouf et al. [28]
studies showed no statistically significant results between HA
and control groups. Moreover, according to Alhabashneh
et al. [33] there was a statistically significant mean difference
in BT reduction between baseline and 6 months (MD = 0.62,
29% reduction, p-value < 0.001).

Adverse effects

Only 5 studies reported complications [25,26,29,30,33]. Pain,
swelling was recorded in 50% of the patients. Authors
described that bleeding were the most common complica-
tions during the procedure some injection sites, which was
managed by application of pressure on the wound. In only
one case [29], a pain- less granuloma was after the first injec-
tion, but it was not detectable at the 3-month follow-up.
VAS scale related with the papilla injection pain was judged
as acceptable by the patients in 4 studies [26,28,31,33] with
values between 30-62%.

Discussion

The aim of the present study was to systematically analyse
the available literature on the use of HA by injection to
restore the interproximal papilla. Based on the obtained
results, 11 studies [23-33] were included. When focussing on
the results reported from case series, several articles reported
no-differences in term of PT-CP distance n [28-31] or the
papilla fill reduction [25,26,32]. Finally, most of the studies
showed a BT reduction with a percentage range between 19
and 47% [24,25,28-30].

Interproximal bone loss and the consequent loss of the
interdental papilla is one of the most common and challeng-
ing problems in daily clinical practice [35,36]. Therefore, it is
important to reconstruct the papilla in order to improve aes-
thetics and function, avoiding food impaction and protecting
deep periodontal tissues [5,23]. One aspect that has to be
underlined is that the majority of the treated cases pre-
sented no or limited interproximal attachment loss which
might be clinically assimilated to Miller’ s Class type | and I
recessions: therefore, no indications can be drawn on the
application of HA by injection to restore Miller's Class llI
defects. On the other hand, recent data support the use of
HA to obtain full root coverage of Miller's Class | [37] and
Class 1l [38] with a coronal advanced or modified tunnel
technique flap, as a predictable and safe method reducing
patient’s discomfort.

The interdental papilla presents some histological differ-
ences to the interproximal peri-implant papilla mainly related
to the absence of the periodontal ligament: therefore,
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although it is true that the same cell lines exist in the peri-
implant tissues, the absence of the vascular component asso-
ciated with the periodontal ligament means that there are
limitations in the response of the peri-implant tissues [39].

Despite the different proposed surgical interventions, half
of the included studies reported post-operative complica-
tions up to 50%, making for the researchers extremely chal-
lenging to detect the best treatment modality to delivery
HA. More specifically, in most of the cases, patients pre-
sented with moderate pain and swelling on the treated area
that spontaneously healed within one week. A possible
explanation to these events has been proposed by Bertl
et al. 2016 who linked the post-operative swelling and
edoema to ‘the water attraction over time by the highly
hygroscopic HY, exerted progressively an external vascular
compression and at least partial occlusion of neighboring
blood vessels'.

On the same topic, Ficho et al. have published a similar
systematic review recently [40]. However, the systematic
review by Ficho et al performed the database search over a
very limited period of 2010 to 2016. Due to the limited data
reviewed in this systematic review, the results appear to be
skewed. The present systematic review has tried to perform
a more extensive search of the database. This review has
compared various different techniques and procedures for
papillary fill with HA used till date.

The present systematic review is not free from limitations:
first, only two RCTs with heterogeneity in the data hence we
could not perform a meta-analysis; second, differences in the
HA injection technique protocols were detected: in particular,
some studies injected the filler 2-3mm apical to the tip
papilla [23,25-28,32], while other 2-3mm coronal to PT
[24,30], or at the base of the deficient papilla [31,35]. More-
over, the frequency of the injection varied consistently
among studies: 6 studies reported the application of HA 3x,
while 1 study stated that they performed the application
only twice. Third, methodological differences in assessing
papilla augmentation (i.e. photographs and morphometric
analysis [24-31], photographs and a pixel software [23] or
digital impressions with image analysis program [32] make
comparison among studies difficult.

Conclusions

Within the limitations of this study, the presented results
showed that repeated HA injections slightly increased the
vertical papilla gain, papillary volume and reduction of the
black triangle area with a follow-up ranged between 6 and
24 months. Nonetheless, adverse reactions such as pain and
swelling have been reported. Further long-term and well-
designed randomised clinical trials using standardised techni-
ques are needed in order to confirm these findings. In add-
ition, patient-reported outcome measures (PROMs) as well as
aesthetics impairments caused by the different techniques
used for papilla reconstruction should be further analysed.

One sentence summary

Hyaluronic acid might be clinically used to re-create the
interproximal lost papilla.
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