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ABSTRACT

Objectives: To review the available literature on patient-reported outcome measures (PROMs)
following soft tissue augmentation at implant sites.

Materials and Methods: A comprehensive electronic and manual search was performed to identify
clinical studies thatsinvolved soft tissue augmentation around dental implants and reported PROMs,
including post-eperative morbidity, painkillers intake, quality of life, aesthetics and satisfactions.
Results: Nineteen articles were included in the qualitative analysis. Autogenous grafts (free gingival
graft and gconnective tissue graft), acellular dermal matrix and xenogeneic collagen matrix were
utilized, either with a bilaminar- or an apically positioned flap approach. PROMs reported in the
literature inclided“perceived hardship of the procedure and pain during the surgery, post-operative
morbidity, painkillers intake, number of days with discomfort, satisfaction, aesthetic evaluation,
quality of life and willingness to undergo the treatment again. Most of the included studies showed
similar PROMSs between autogenous grafts and substitutes, in terms of post-operative morbidity,
painkillers intake, quality of life, aesthetic assessment and satisfaction. Nevertheless, a trend towards
lower postoperative discomfort was observed for graft substitutes. High scores for patient satisfaction
and aesthetic evaluation were observed in all the interventions compared to non-grafted sites.
Conclusions: PROMs represent a crucial endpoint of clinical studies evaluating the outcomes of soft
tissue grafts at implant sites. Most of the studies did not find significant differences in terms of patient
morbidity and painkillers between autogenous grafts and substitutes. Soft tissue grafting can enhance

patient satisfaetion and aesthetic evaluation compared to non-grafted sites.

Keywords: Patient Reported Outcome Measures, Dental implant, Autogenous grafts, Acellular

dermal graft, Collagen matrix

Word counts: 4823
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1. INTRODUCTION

Dental implants are predictable treatment options for the rehabilitation of single and multiple
edentulous areas (Buser, Sennerby, & De Bruyn, 2017). Although the most frequently reported
success criteria for implant therapy includes mobility, pain, radiolucency, peri-implant bone loss,
suppuration and bleeding (Papaspyridakos, Chen, Singh, Weber, & Gallucci, 2012), the importance of
assessing patients’, subjectively reported outcomes has progressively gained interest in the scientific
community. A recent consensus report from the International Team for Implantology concluded that
PROMs, suchgasgpatient satisfaction and quality of life, should be included in every implant-related
clinical study (Feine et al., 2018).

Nowadays implantytherapy is often driven by patients’ aesthetic demands that are becoming more
stringent by day.(Mazzotti et al., 2018; Roccuzzo, Gaudioso, Bunino, & Dalmasso, 2014; Zucchelli et
al., 2019). Nongtheless, most of the indices that have been proposed for assessing the aesthetic
outcomes of dental implants are based on professional evaluation and not on patients’ perspectives
(Belser et al., 20093 Juodzbalys & Wang, 2010; Stefanini et al., 2018). Among the techniques that
have been performed for improving the aesthetic conditions at implant sites, soft tissue augmentation
with autogenous grafts or substitutes have shown great outcomes and predictability (Bianchi &
Sanfilippo, 2004; Cairo et al., 2017; Tavelli et al., 2021; Zucchelli et al., 2013b; Zucchelli et al.,
2020). In particular; Hosseini and coworkers evaluated the five-year tissue changes in the anterior
maxilla around implants that were placed with or without a connective tissue graft (CTG) (Hosseini,
Worsaae, & Gotfredsen, 2020). A spectrophotometer and a computer software were used for the
professionalga€sthetic evaluation that led the authors to conclude that grafted sites had better color
compared to non-grafter sites (Hosseini et al., 2020). It has been shown that CTG is able to
significantly fincrease peri-implant soft tissue thickness and this may have contributed to the stability
of the soft tissue margin up to 5 years (Roccuzzo, Dalmasso, Pittoni, & Roccuzzo, 2018; Zucchelli et
al., 2018b).[ CTG has also the property of augmenting peri-implant papilla height (Stefanini,
Marzadori, Tavelli, Bellone, & Zucchelli, 2020). Other authors have supported the notion that CTG
can improvethe aesthetic outcomes of dental implant therapy, with higher mean pink aesthetic scores
compared to non-grafted sites (Migliorati, Amorfini, Signori, Biavati, & Benedicenti, 2015; Wiesner,
Esposito, Worthington, & Schlee, 2010). However, these observations should not only be based upon
the clinician’s perspective, especially when comparing the outcomes of CTG vs soft tissue graft
substitutes, such as.the collagen matrix (XCM) or acellular dermal matrix (ADM). Avoiding a second
surgical site (the palate), the unlimited availability and the reduction of the overall surgical time are
among the main advantages that have been attributed to graft substitutes compared to autogenous soft
tissue grafts. Results from several studies investigating patient-related outcomes have shown strong
patients’ preference towards soft tissue graft substitutes when compared with autogenous grafts,
mainly due to the reduction of post-operative morbidity (Aroca et al., 2013; McGuire, Scheyer, &
Gwaltney, 2014; Tavelli, McGuire, et al., 2020; Tonetti et al., 2018).
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In this scenario, there is no doubt that the outcomes of peri-implant soft tissue augmentation, either
with autogenous grafts or alternative materials, should take into account the patient’s own perspective
of the treatment, not including only aesthetics but also morbidity, satisfaction, quality of life, among
others.

A recent randomized clinical trial (RCT) investigating peri-implant soft tissue augmentation with
CTG vs XCMgeoncluded that the autogenous graft should be preferred when increasing mucosal
thickness is ‘the primary goal, while XCM can be considered as a viable alternative when the
reduction ef patientsmorbidity is a primary aim of the therapy (Cairo et al., 2017). Other studies have
compared PROMs of autogenous grafts vs substitutes, and reached either similar or conflicting results
(Anderson, Inglehart, El-Kholy, Eber, & Wang, 2014; Huber, Zeltner, Himmerle, Jung, & Thoma,
2018; LorenzoyGarcia, Orsini, Martin, & Sanz, 2012; Thoma et al., 2016; Vellis, Kutkut, & Al-
Sabbagh, 2019)/ However, a comprehensive review focusing on PROMs following peri-implant soft
tissue grafting procedures has not yet been performed. Therefore, the aim of the present study was to
review the available literature on PROMs following soft tissue augmentation (including all the
interventions intended for increasing keratinized mucosa width, attached mucosa, soft tissue thickness

or soft tissue contour) at implant sites.

2. MATERIAL AND METHODS

2.1 Protocol Registration and Reporting Format

The protocol ofithe present review was registered in the PROSPERO database, hosted by the National
Institute fons"Health Research, University of York, Center for Reviews and Dissemination
(CRD42020182021). This manuscript was prepared following the Cochrane Collaboration guidelines
(Higgins et alx, 2011).

2.2 Focused question
The goal of this review was to address the following focused question: what is the impact of soft

tissue augmentation around dental implants relative to PROMs?

2.3 PICOT question
The following Population, Intervention, Comparison, Outcomes, and Time (PICOT) framework
(Stillwell, Fineout-@verholt, Melnyk, & Williamson, 2010) was used to guide the inclusion and
exclusionof studies for the above-mentioned focused question:
Populationu(P): Patients requiring soft tissue augmentation for a single or multiple dental
implant(s) (either metallic or ceramic implants)
Intervention (I): Soft tissue augmentation at implant sites either with autogenous grafts (free

gingival graft [FGG], connective tissue graft [CTG]) or substitutes (collagen matrix [XCM],
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allogeneic acellular dermal matrix [ADM]), including bilaminar techniques or apically
positioned flap approach.

Comparison (C): Grafted vs non-grafted sites or grafted sites with different soft tissue grafts
(FGG, CTG, XCM, ADM)

Outcome (0): Patient-related outcome measures (PROMs), including morbidity, satisfaction,
self-reported aesthetics and willingness to retreat.

Time\(T): Minimum follow-up of 3 months after the surgical intervention.

2.4 Search strategy

A detailed systematic literature search was conducted using the following electronic data bases: The
National Library of Medicine (MEDLINE via PubMed); EMBASE via OVID; the Cochrane Central
Register of Controlled Trials; and Latin American & Caribbean Health Sciences Literature (LILACS),
Web of Science, and Scopus. For examining unpublished trials, the grey literature, nonprofit reports,
government (research or other materials, were also electronically explored through searching in
ClinicalTrial.gov and OpenGrey. The search strategy was primarily designed for the MEDLINE
database with 'a string of medical subject headings and free text terms, and then modified
appropriately for other databases. No restrictions were set for date of publication, journal or language.
The search results were downloaded to a bibliographic database to facilitate duplicate removal and
cross-reference checks. Details regarding the search strategy and the development of the search key
terms for the databases, are displayed in the Appendix.

To ensure asthorough screening process, the electronic search was complemented with a manual
search in the following journals: Journal of Dental Research, Journal of Clinical Periodontology,
Journal of Periodontology, Clinical Oral Implants Research, Clinical Implant Dentistry and Related
Research, The International Journal of Oral & Maxillofacial Implants, Journal of Oral and
Maxillofacial Surgery, International Journal of Oral Implantology, Clinical Oral Investigations, and
International-Journal of Periodontics and Restorative Dentistry. The manual search period was from
January 1, 2000 to March 26, 2020. Additionally, reference lists of the retrieved studies for full-text
screening and previous reviews in the topic of peri-implant soft tissue (plastic) surgery were screened
(Bassetti, Stahli, Bassetti, & Sculean, 2016, 2017; Cairo et al., 2019; Cairo, Pagliaro, & Nieri, 2008;
Gargallo-Albiol, Barootchi, Tavelli, & Wang, 2019; Gobbato, Avila-Ortiz, Sohrabi, Wang, &
Karimbux, 2013; €Y. Lin, Chen, Pan, & Wang, 2018; G. H. Lin, Chan, & Wang, 2013; Poskevicius,
Sidlauskas, Galindo-Moreno, & Juodzbalys, 2017; Rotundo, Pagliaro, Bendinelli, Esposito, & Buti,
2015; Suarez-Lopez Del Amo, Lin, Monje, Galindo-Moreno, & Wang, 2016; Tavelli, Barootchi,
Avila-Ortiz, et al., 2020; Thoma, Buranawat, Hammerle, Held, & Jung, 2014; Thoma, Muhlemann, &
Jung, 2014; Thoma et al., 2018; Wennstrom & Derks, 2012).
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The last electronic search was conducted on May 1, 2020 and the manual literature search was

updated until November 21, 2020.

2.5 Inclusion Criteria
o Soft tissue augmentation at implant sites using CTG, FGG, ADM or CM
e Prospective interventional human studies
e Evalpation‘and reporting of clinical outcomes of interest (PROMs) over a minimum follow-

uprperiodiof 3 months.

2.6 Exclusion Criteria
e Retrospective clinical studies, case reports or animal studies
e Inclusion of implants with a diagnosis of peri-implantitis (Berglundh et al., 2018)
o Soft tissue augmentation around natural teeth
e Simultaneous hard and soft tissue augmentation

e Studiesrecruiting only smoking individuals.

2.7 Selection_ of studies

Two calibrated examiners (LT and SB) screened the titles and abstracts (if available) of the entries
identified jinsthessearch, in duplicate and independently. Next, the full text version of all studies that
potentially met thepeligibility criteria or for which there was insufficient information in the title and
abstract to ' make.a,decision, were obtained. Any article considered as potentially relevant by at least
one of the reviewers was included in the next screening phase. Subsequently, the full-text publications
were also evaluated in duplicate and independently by the same review examiners. The examiners
were calibratedmwith the first 10 full-text, consecutive publications. Any disagreement on the
eligibility of'the studies was resolved through open debate between both reviewers until an agreement
was reached emthrough settlement by an arbiter (MS). All articles that did not meet the eligibility
criteria were excluded and the reasons for exclusion were noted. Inter-examiner agreement following
full-text assessment was calculated via kappa statistics. Disagreement on the inclusion of the studies

at any point wasiresolved in the same manner as previously mentioned.

2.8 Data extraction and management

Two examiners (LT and SB) independently retrieved all relevant information from the included
articles using a data extraction sheet specifically designed for this review. At any stage, disagreements
between the reviewers were resolved through open discussion and consensus. If a disagreement
persisted, a third person (SB) settled the discussion. Aside from the outcomes of interest (PROMs),

the following study characteristics were retrieved:
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e Study design, number of centers, geographic location, setting (university vs. private practice)
and source of funding

e Population characteristics, age of participants, number of participants and treated sites
(baseline/follow-up), singular/multiple treated sites and follow-up period

o Typelofintervention, utilization of soft tissue grafting materials and techniques

o Timing'ofisoft tissue augmentation: whether it was at the time of the implant placement, at

second,stage.or delayed.

According to-thesaim of the current review to comprehensive evaluate the PROMs associated with
peri-implant fsoft tissue grafting, including non-randomized reports, qualitative analysis of the
obtained and gathered data was planned for detailed description of the results grouped per category of

PROMs.

2.9 Quality assessment, risk of bias and data analysis

The risk of bias for the included studies was assessed independently and in duplicate by two authors
(LT and MS). For RCTs, it was performed according to the recommended approach by the Cochrane
collaboration group, (Higgins et al., 2011). For non-randomized cohort studies included in the
qualitative analysis, the ROBINS-I tool (Sterne et al., 2016) was used to determine the potential risk
of bias. For case series, the Joanna Briggs Institute Critical Appraisal tool (Moola et al., 2017) was
utilized for quality, assessment (Appendix). Any disagreement was discussed between the same
authors. Amother author (GZ) was consulted in case no agreement was reached. However, no study

was excluded on the basis of the risk of bias within a study.

2.10 Data analysis

Due to the expected various heterogeneity and limited sample size per outcome, the results of the
current systematic review were expressed qualitatively and without quantitative assessment. The
descriptive analysis was performed per type of patient-subjective outcomes measured in each study
and presented as stated in the original report. Reviewer reliability (Kappa) in the screening and search

process was assessed with the KappaGUI (Santos, 2018) package in Rstudio (Version 1.3.959).

Results

3.1 Search results and study selection

The literature search process is shown in Figure 1. Following removal of duplicates, 1889 records
remained for screening by titles and abstracts. The full-text assessment was performed for 66 studies.

Based on predetermined inclusion criteria, 19 articles were included in the qualitative analysis
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(Anderson et al., 2014; Baldi et al., 2020; Bianchi & Sanfilippo, 2004; Cairo et al., 2017; De
Bruyckere et al., 2020; Fenner, Hammerle, Sailer, & Jung, 2016; Froum et al., 2015; Huber et al.,
2018; Hutton, Johnson, Barwacz, Allareddy, & Avila-Ortiz, 2018; Lorenzo et al., 2012; Roccuzzo,
Dalmasso, Pittoni, & Roccuzzo, 2019; Roccuzzo, Grasso, & Dalmasso, 2016; Schallhorn, McClain,
Charles, Clem, & Newman, 2015; Thoma, Gasser, Jung, & Hammerle, 2020b; Thoma et al., 2016;
Vellis et al., 2049; Wiesner et al., 2010; Zucchelli et al., 2018a; Zucchelli et al., 2013a). The reason
for exclusion of the 47 records is reported in the Appendix (Table 1). The inter-reviewer reliability in
the screeninggandginclusion process, as assessed with Cohen’s k, corresponded to 0.89 and 0.94 for

assessment of'titles and abstracts and full-text evaluation, respectively.

3.2 Descriptionof studies

Thirteen studies'were RCTs (Anderson et al., 2014; Baldi et al., 2020; Bianchi & Sanfilippo, 2004;
Cairo et al., 2017} De Bruyckere et al., 2020; Froum et al., 2015; Huber et al., 2018; Hutton et al.,
2018; Lorenzo et ak, 2012; Thoma et al., 2020b; Thoma et al., 2016; Vellis et al., 2019; Wiesner et
al., 2010), two were non-randomized studies (Fenner et al., 2016; Roccuzzo et al., 2016) and four
were case series (Roccuzzo et al., 2019; Schallhorn et al., 2015; Zucchelli et al., 2018a; Zucchelli et
al., 2013a).

Three studies reported PROMs on the same cohort of patients of a previous published article with a
longer follow-up (Huber et al., 2018; Thoma et al., 2020b; Zucchelli et al., 2018a). One RCT
compared softmtissue grafting with guided bone regeneration and therefore only one arm was
considered.insthe qualitative analysis (De Bruyckere et al., 2020).

Three studies investigated PROMs of soft tissue grafting with an apically positioned flap approach
(APF) (Lorenzo et al., 2012; Roccuzzo et al., 2016; Vellis et al., 2019), while the others used soft
tissue grafts in combination with bilaminar techniques (Table 1).

PROMs following soft tissue augmentation with CTG were investigated in 15 studies (Anderson et
al., 2014; Baldi et al., 2020; Bianchi & Sanfilippo, 2004; Cairo et al., 2017; De Bruyckere et al., 2020;
Fenner et al., 2016; Huber et al., 2018; Hutton et al., 2018; Lorenzo et al., 2012; Roccuzzo et al.,
2019; Thoma.et al.,.2020b; Thoma et al., 2016; Wiesner et al., 2010; Zucchelli et al., 2018a; Zucchelli
et al., 2013a). In particular, 9 of them harvested a sub-epithelial CTG (Anderson et al., 2014; Bianchi
& Sanfilippo, 2004; De Bruyckere et al., 2020; Huber et al., 2018; Hutton et al., 2018; Lorenzo et al.,
2012; Thoma et al.;-2020b; Thoma et al., 2016; Wiesner et al., 2010), 2 articles reported the outcomes
(on the same cohort of patients) of CTG obtained from the de-epithelialization of a free gingival graft
(FGGs) (Zucchelli'et al., 2018a; Zucchelli et al., 2013a), 1 study utilized a CTG obtained from the de-
epithelialization of a gingival graft from the maxillary tuberosity (Roccuzzo et al., 2019), 1 trial
utilized either sub-epithelial CTG or a CTG obtained from the de-epithelialization of a FGG (Cairo et
al., 2017) and two studies did not specify the harvesting technique (Baldi et al., 2020; Fenner et al.,
2016). PROMs of FGG were evaluated in two studies (Roccuzzo et al., 2016; Vellis et al., 2019),
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while 3 trials reported on acellular dermal matrix (ADM) (Anderson et al., 2014; Baldi et al., 2020;
Hutton et al., 2018) and 8 studies assessed the PROMs of xenogeneic collagen matrix (XCM) (Cairo
et al., 2017; Froum et al., 2015; Huber et al., 2018; Lorenzo et al., 2012; Schallhorn et al., 2015;
Thoma et al., 2020b; Thoma et al., 2016; Vellis et al., 2019). Five studies compared PROMs of grated
vs non-grafted sitesy(Baldi et al., 2020; Bianchi & Sanfilippo, 2004; Froum et al., 2015; Roccuzzo et
al., 2016; Wiesneret al., 2010).

Regarding the time'of the soft tissue augmentation, 5 trials performed soft tissue grafting at the time
of implang; placement (Bianchi & Sanfilippo, 2004; De Bruyckere et al., 2020; Froum et al., 2015;
Hutton et al., 2018; Wiesner et al., 2010), 3 studies at the second stage (Baldi et al., 2020; Cairo et al.,
2017; Schallhornet al., 2015), 7 studies after implant loading (delayed) (Anderson et al., 2014;
Lorenzo et al 32042; Roccuzzo et al., 2019; Roccuzzo et al., 2016; Vellis et al., 2019; Zucchelli et al.,
2018a; Zucchelli etial., 2013a), while 4 articles did not report this information (Fenner et al., 2016;
Huber et al., 2018; Thoma et al., 2020b; Thoma et al., 2016). Table 1 described study characteristics,
their intervention and their PROM:s.

PROMs evaluated in the included studies involved hardship of the surgery, pain during the surgery,
post-operative morbidity, painkillers intake, number of days with discomfort, self-reported
complications (e.g. oedema, hematoma, bleeding, etc.), satisfaction, aesthetic evaluation, willingness

to retreatment, quality of life and discomfort during brushing.

Due to the inelusions of non-randomized studies and inadequate findings for conducting statistical
comparisonsyit was decided not to perform a quantitative analysis for this review, rather to discuss the

results in a quantitative manner.

3.3 Assessment of the risk of bias

Six RCTs were considered at low risk of bias (Cairo et al., 2017; De Bruyckere et al., 2020; Froum et
al., 2015; Hutton et al., 2018; Lorenzo et al., 2012; Wiesner et al., 2010), while 6 were rated as having
moderate risk of bias (Anderson et al., 2014; Baldi et al., 2020; Bianchi & Sanfilippo, 2004; Huber et
al., 2018; Thoma et al., 2020b; Thoma et al., 2016). One trial was considered at high risk of bias
(Vellis et al., 2019). Four non-RCTs were categorized as having low risk of bias (Roccuzzo et al.,
2019; Roccuzzo etal., 2016; Zucchelli et al., 2018a; Zucchelli et al., 2013a), while two non-RCTs
were considered atinoderate risk of bias (Fenner et al., 2016; Schallhorn et al., 2015). Details can be

found in the Appendix.

3.4 Hardship of the surgery and pain during the surgery

Hardship of the surgery and pain during the procedure were evaluated only in one trial (Cairo et al.,
2017). The authors used a visual analogue scale (VAS) from 0 to 100 after the surgery to evaluate
these two PROMs. Patients reported a statistically significant higher hardship of the surgery for CTG
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compared to XCM (35 £ 23 vs 17 + 13, respectively). No significant difference was described for

perceived pain in the two groups (Cairo et al., 2017).

3.5 Post-operative morbidity

Post-operative morbidity was evaluated using a VAS from 0 to 10 or from 0 to 100 in 8 trials
(Anderson et als2014; Cairo et al., 2017; De Bruyckere et al., 2020; Froum et al., 2015; Hutton et al.,
2018; Lorenzo et al., 2012; Thoma et al., 2016; Vellis et al., 2019). Five studies assessed the post-
operative jpaingingthe first 7-14 days (Cairo et al., 2017; De Bruyckere et al., 2020; Lorenzo et al.,
2012; Thoma et al., 2016; Vellis et al., 2019), while others extended the evaluation of this outcome up
to the last follow-up, (Anderson et al., 2014; Froum et al., 2015; Hutton et al., 2018).

Among the studies performing an apically positioned flap approach, Vellis and coworkers found an
average VAS of 19 and 29.7 (out of 100) for XCM and FGG, respectively (Vellis et al., 2019), while
Lorenzo et al. reported that the average VAS was < 30 (out of 100) in both the CTG and XCM groups
(Lorenzo et al., 2012).

In the first two post-operative weeks, only one study found a higher patient morbidity for CTG
compared to a graft substitute (XCM) (37 £ 15 vs 13 = 10 VAS value, respectively) (Cairo et al.,
2017), while 5 trials did not find a significant differences between CTG and graft substitutes (XCM or
ADM) (Anderson et al., 2014; Hutton et al., 2018; Lorenzo et al., 2012; Thoma et al., 2016; Vellis et
al., 2019). Froum and coworkers showed that patients allocated in the XCM group reported similar
discomfort compared to patients that did not received soft tissue augmentation (Froum et al., 2015).
Interestinglys#Anderson and coworkers observed that patients in the CTG group did not report pain
after the second week, while patients that received ADM described pain also at 6 week (mean VAS
40) and 3 months (mean VAS 36.6). Although these data showed a clinical impact, statistical
differences were not found between the two groups (Anderson et al., 2014). On the other hand, Hutton
et al. did not observed significant differences in perceived discomfort between ADM and CTG at 2-,

4-, 8- and 16 weeks (Hutton et al., 2018).

3.6 Painkillers intake

Four studies reported painkillers intake (Anderson et al., 2014; Cairo et al., 2017; Lorenzo et al.,
2012; Thoma et al., 2016). Among the studies performing a bilaminar approach, Cairo et al. showed
that CTG was assoeiated with significantly higher painkillers consumption compared to XCM (3.9 +
0.7 vs 2.2¢7% 0.8 ibuprofen 600 mg tablets, respectively) (Cairo et al., 2017), while Thoma et al. did
not find significantidifference between painkillers intake following CTG or XCM, even though the
pain medication consumption was (non-significantly) higher in the CTG group (Thoma et al., 2016).
Anderson et al. reported a higher trend for painkillers use in the CTG group compared to the ADM
group, although this finding was not statistically significant (Anderson et al., 2014). Lastly, the only
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study reporting painkillers intake following apically positioned flap, either with CTG or XCM, failed

to find significant differences between the two treatment groups (Lorenzo et al., 2012).

3.7 Satisfaction

Patient satisfactionswas assessed in six articles using VAS (Baldi et al., 2020; Cairo et al., 2017;
Fenner et al., 2016; Froum et al., 2015; Hutton et al., 2018; Schallhorn et al., 2015) and in two studies
using questions and predetermined answers (Anderson et al., 2014; Wiesner et al., 2010). Three RCTs
did not observesassignificant difference for patient satisfaction between ADM and CTG (Anderson et
al., 2014; Baldi et al., 2020; Hutton et al., 2018). In particular, Hutton et al. reported a satisfaction of
98.3 = 2.26 and 948 + 7.31 for CTG and ADM, respectively (Hutton et al., 2018). On the other hand,
Cairo et al. foundsSignificant superior VAS values for XCM compared to CTG (95.5 £ 5 vs 91 £ 9)
(Cairo et al.,2017).

Two trials comparing grafted vs non-grafted sites did not report differences in terms of patient
satisfaction (Froumjet al., 2015; Wiesner et al., 2010). Fenner et al. showed a mean value of 97 on the

VAS, without distinguishing between patients that received or not CTG (Fenner et al., 2016).

3.8 Aesthetic evaluation

Nine articles investigated patient aesthetic evaluation (Anderson et al., 2014; Baldi et al., 2020;
Bianchi & Sanfilippo, 2004; Cairo et al., 2017; De Bruyckere et al., 2020; Roccuzzo et al., 2019;
Wiesner et alu,2010; Zucchelli et al., 2018a; Zucchelli et al., 2013a). Among the articles that
performed soft'tissue augmentation primarily for increasing tissue thickness (Baldi et al., 2020; Cairo
et al., 2017; De Bruyckere et al., 2020; Wiesner et al., 2010), the mean VAS value ranged from 87 to
94.1 (Baldi et al., 2020; Cairo et al., 2017; De Bruyckere et al., 2020). In a split-mouth design,
Wiesner et al. observed that the patients significantly preferred the aesthetic of the grafted (CTG) site
compared to the non-grafted site (Wiesner et al., 2010).

Three studies evaluated patient aesthetic evaluation following the treatment of peri-implant soft tissue
dehiscences/deficiencies (PSTDs). While Anderson et al. failed to detect a significant change from
baseline to 6:month-post-op or even significant differences between the two groups (CTG and ADM),
Roccuzzo et _al. and Zucchelli et al. showed a significant improvement following the treatment of
PSTDs with CTG/(Roccuzzo et al., 2019; Zucchelli et al., 2018a; Zucchelli et al., 2013a). In
particular, Zucchelli et al. reported a patient aesthetic evaluation of 29.5 + 13.2 at baseline, that
became 89:5 = 0.91 at the 5-year follow-up (Zucchelli et al., 2018a).

Bianchi and Sanfilippo stated that a good aesthetic assessment was reported by patient who received
immediate implant with or without CTG, with better results for the CTG group (Bianchi & Sanfilippo,
2004). However, the method using for assessing the patient reported aesthetic evaluation and its score

were not described in the article (Bianchi & Sanfilippo, 2004).
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3.9 Quality of life

The assessment of the impact of the treatment on patient quality of life was reported in 5 articles
(Anderson et al., 2014; De Bruyckere et al., 2020; Huber et al., 2018; Thoma et al., 2020b; Thoma et
al., 2016), with three of them referring to the same cohort of patients (Huber et al., 2018; Thoma et
al., 2020b; Thomawet al., 2016). Four trials used the Oral Health Impact Profile (OHIP-14) (De
Bruyckere et al2020; Huber et al., 2018; Thoma et al., 2020b; Thoma et al., 2016), while one RCT
evaluated the quality of life based on a revised version of the Kiyak Post-Surgical Patient
Questionnaire(Kiyak, Hohl, West, & McNeill, 1984).

Thoma et al. showed similar results between CTG and XCM at suture removal and at the 3-month
follow-up. They also observed that at suture removal, median overall scores for CTG were higher
(although not'statistically significant) than for XCM. The authors highlighted that there was a trend
for more physical pain and social disability for CTG compared to XCM within the first 7-10 days
(Thoma et al.,2016). At the 1-year follow-up, no significant differences were observed between the
two groups, with median overall OHIP scores of 0 at all time points and in both groups (Huber et al.,
2018). Interestingly, at the 3-year recall, the median overall OHIP scores for the CTG group remained
0, while a median overall score of 1 £ 1.3 was found in the XCM group, with this difference being
statistically significant (Thoma et al., 2020b). The authors stated that this finding was surprising since
the tissues in the “outlier” patient were healthy and no complications occurred. They also specified
that the patient reported that the scores were due to personal issues and not to the treatment (Thoma et
al., 2020b).

When evaluating the effect of CTG to re-establish buccal convexity at the time of implant placement,
De Bruyckere et al. found an improvement in all the investigated OHIP-14 domains between baseline
and the 1-year recall (De Bruyckere et al., 2020).

Anderson et al. reported a slight reduction in the quality-of-life index for the CTG group over time,
while a slight increase was observed in the ADM group. However, no significant differences were

found between groups (Anderson et al., 2014).

3.10 Other PROMs assessed

Cairo et al. evaluated the number of days with discomfort between XCM and CTG, showing that
subjects allocated in the XCM group experienced a significant lower number of uncomfortable days
compared to the CTG group (1.2 £ 0.7 vs 2.4 + 0.7 days, respectively) (Cairo et al., 2017). They also
evaluated gpost-operative soft tissue complications, such as oedema and bleeding. After 2 weeks, the
only significant difference was related to the number of sites with oedema in the CTG group
compared to the XCM group (20 vs 7, respectively) (Cairo et al., 2017). Similarly, De Bruyckere et
al. evaluated the self-assessment of oedema, hematoma and post-operative bleeding by means of
VASs (De Bruyckere et al., 2020). The mean VAS on oedema was 32 at day 1, 22 at day 3 and 4 at

day 7, with overall lower value compared to the control group (guided bone regeneration). The mean
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VAS on hematoma was 10 at day 3 and 1 at day 7. 10% of the patients reported post-operative
bleeding. The willingness to undergo the treatment again was 81% for patients who received CTG,
with the remaining subjects (19%) that answered “maybe” (De Bruyckere et al., 2020).

Wiesner et al. also investigated the willingness to undergo the CTG augmentation again. One patient
replied “definitely yes”, two patients “yes”, two patients were “uncertain”, four subjects “no” and one
subject “absolutely.no” (Wiesner et al., 2010).

Roccuzzo et.al. assessed the presence of self-reported soreness/discomfort during oral hygiene
procedures; ingterms of “yes” or “no” (Roccuzzo et al., 2016). Interestingly, 42.9% of patients with
implants lacking keratinized mucosa reported discomfort during brushing, while no patients in the
implants with"keratinized mucosa group described soreness during oral hygiene procedures. In 11
patients with‘implants lacking keratinized, a FGG was performed to facilitate plaque control. At the
10-year follow-up, 9.1% patients that received FGGs because of lack of peri-implant keratinized

mucosa reported soreness/discomfort during brushing (Roccuzzo et al., 2016).

Figure 2 summarizes the studies favoring autogenous grafts or substitutes for the investigated patient-

reported outcome measures.

3.11 Funding

Among the thirteen RCTs included, ten were sponsored by the companies manufacturing the
investigated soft,tissue graft substitute (Anderson et al., 2014; Baldi et al., 2020; Cairo et al., 2017;
Froum et al2015; Huber et al., 2018; Hutton et al., 2018; Lorenzo et al., 2012; Thoma et al., 2020b;
Thoma et al., 2016; Vellis et al., 2019). The three trials assessing the outcomes of ADM vs CTG were
sponsored (Anderson et al., 2014; Baldi et al., 2020; Hutton et al., 2018), as well as the five studies
comparing XCM vs CTG (Cairo et al., 2017; Huber et al., 2018; Lorenzo et al., 2012; Thoma et al.,
2020b; Thoma et al., 2016). The two RCTs comparing CTG vs non-augmented sites were self-
supported (Bianchi & Sanfilippo, 2004; Wiesner et al., 2010). Among the non-RCTs, only one study
was sponsored (Schallhorn et al., 2015). Table 2 illustrates the source of funding of the included

articles.

4. Discussion

Main findings

PROMs have become a crucial endpoint of clinical studies. The present systematic review aimed at
assessing PROMSs following soft tissue augmentation at implant sites. It has been advocated that one
of the main advantages of graft substitutes is the reduction of patient morbidity (McGuire et al., 2014;
Tavelli, Barootchi, et al., 2019; Tavelli, McGuire, et al., 2020; Tonetti et al., 2018). Interestingly, we
observed that only one study found a statistically significant higher postoperative reported pain and

painkillers intake for CTG compared to XCM (Cairo et al., 2020). Other studies have reported a trend
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towards higher morbidity and painkillers intake for autogenous grafts compared to XCM or ADM,
however without reaching statistically significance (Anderson et al., 2014; Hutton et al., 2018;
Lorenzo et al., 2012; Thoma et al., 2016; Vellis et al., 2019). It can be speculated that the lower
patient morbidity associated with graft substitutes is more prominent for multiple than single sites.
Indeed, ADM and XCM are largely used for the treatment of generalized multiple gingival recessions,
while their indication for single site seems to be more limited in periodontal plastic surgery
(Pietruska, Skurska, Podlewski, Milewski, & Pietruski, 2019; Tavelli, Barootchi, et al., 2019; Tonetti
et al., 2018).;Hewever, the size of the harvested autogenous grafts, as well as the dimensions of graft
substitutes were not reported, and their influence on the surgical site on patient morbidity could not
have been explored:

In addition, itthassalso to be mentioned that several approaches have been suggested for minimizing
patient morbidity following palatal harvesting (Tavelli et al., 2018; Tavelli, Ravida, et al., 2019;
Zucchelli et al., 2010) and this may have played a role for the PROMs. On the other hand, the
increased surgical time and the need for a second surgical site that characterized autogenous grafts
can affect patient perception of the procedure, with Cairo et al. that reported a better perception of the
surgery in patient treated with XCM compared to CTG (Cairo et al., 2020). Interestingly, a recent
article showed that patients can remember the discomfort during and following the soft tissue grafting
procedure even after a decade (Tavelli, Barootchi, Di Gianfilippo, et al., 2020).

To what extent perceived hardship of the surgery and patient morbidity could affect the final
treatment satisfaction is unknown. While one trial found higher satisfaction for XCM compared to
CTG (Cairosetal., 2020), two studies did not observe significant differences between ADM and CTG
(Anderson et al., 2014; Hutton et al., 2018). Interestingly, a similar satisfaction was also reported
between grafted and non-grafted sites (Froum et al., 2015; Wiesner et al., 2010), leading to speculate
that soft tissue augmentation at implant sites may not contribute to patient’s perception of the
treatment. Nevertheless, the benefits of soft tissue phenotype modification on peri-implant health has
been demonstrated and clinicians should be aware that the rational for increasing mucosal thickness or
keratinized mucosa at implant sites is promoting lower plaque and inflammatory indices, lower pocket
depth and stable marginal bone loss over time (Tavelli, Barootchi, Avila-Ortiz, et al., 2020; Thoma et
al., 2018), rather than patient satisfaction.

On the other hand, Wiesner and coworkers observed that a significantly higher preference towards the
aesthetic outcomessof grafted (CTG) vs non-grafted sites (Wiesner et al., 2010). Similarly, patient
receiving gmmediate implants, with or without CTG, indicated better aesthetic outcomes for grafted
sites (Bianchi & Sanfilippo, 2004). Using a subjective method, Hosseini et al. demonstrated that
implant sites that received CTG showed a better mucosal color match with adjacent sites compared to
non-grafted implants (Hosseini et al., 2020). This is probably due to the fact that thin soft tissue
phenotype is more prone to discoloration due to the abutment or implant components (Jung, Sailer,

Hammerle, Attin, & Schmidlin, 2007; Lops et al., 2017; Thoma, Muhlemann, et al., 2014). CTG, CM
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and ADM have been found effective in increasing mucosal thickness (Tavelli, Barootchi, Avila-Ortiz,
et al., 2020), with results stable over time (Hosseini et al., 2020; Thoma, Gasser, Jung, & Hammerle,
2020a). The increased mucosal thickness and color match with the adjacent sites may have been one
of the reasons for the higher aesthetic outcomes reported for grafted vs non-grafted sites.

PSTDs are conditions that can negatively affect aesthetics and patient perception of implant therapy
(Mazzotti et al:2018; Stefanini et al., 2020; Zucchelli et al., 2019). Therefore, it is not surprising that
questionnaires, assessing aesthetic outcomes are often used for the treatment of PSTDs. Anderson et
al. did not ebserve; significant improvement in the patient-reported aesthetics from baseline to 6
months (Anderson et al., 2014), which is probably due to the limited mean dehiscence coverage
obtained. Onghe other hand, Zucchelli et al. described a preoperative aesthetic evaluation of 29.5 on a
1-100 VAS, withsa significant improvement at 1 and 5-year after PSTD treatment with CTG (mean
VAS 87.5 and 89.5, respectively) (Zucchelli et al., 2018b; Zucchelli et al., 2013b). The authors
advocated that thé use of CTGs obtained from the de-epithelialization of FGGs may be one of the
reasons for the significant increase in keratinized tissue width and soft tissue thickness from the 1 to
S5-year follow-up (Zucchelli et al., 2018b), which may have also contributed to the slightly
improvement in the patient-reported aesthetics. The differences among the CTG harvesting technique
(sub-epithelial vs free gingival graft), the surgical approach (traditional CAF vs combined surgical-
prosthetic approach) and the amount of mean dehiscence coverage (40% vs 96-99%) may explain the
discrepancy in the effect of PSTD treatment observed in the studies of Anderson et al. and Zucchelli

et al., respectively (Anderson et al., 2014; Zucchelli et al., 2018b; Zucchelli et al., 2013b).

Limitations

Despite this being the first attempt in the literature to systematically evaluate PROMs following soft
tissue augmentation at implant sites, a limited number of articles with the predetermined inclusion
criteria was available.

In addition, readers have to bear in mind that several of the included studies were sponsored. In
particular, all the RCTs investigating the outcomes of graft substitutes compared to autogenous grafts
or non-grafted sites,declared funding from the companies manufacturing the graft substitutes. On the
other hand, RCTs and non-RCTs evaluating PROMs after soft tissue augmentation with autogenous
grafts only were self-supported. Furthermore, several studies were considered to have moderate or
high risk of bias.

Additionally, the heterogeneity observed in the treatment arms, outcomes of interest and method of
assessing PROMs prevented from performing a statistical analysis. Lastly, although a thorough search
strategy was employed, it may still be possible that some relevant literature was not identified in the

search process.

Recommendation for future research
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Given the importance of incorporating PROMs in clinical studies, the present review can provide
recommendations for future studies. Questionnaires including dichotomous questions and 1-10 VASs
are advocated to evaluate PROMs. VAS represents a valid tool for capturing patient perception of the
treatment, allowing also the comparison of the outcomes of interest among different studies.
Similarly, the use of OHIP-14 has also been suggested to measure the impact of the treatment on
quality of life«(Slade, 1997), with several recent trials that have incorporated this questionnaire in
periodontal and peri-implant plastic surgeries (De Bruyckere et al., 2020; Huber et al., 2018; Thoma
et al., 2020byTenetti et al., 2018).

For further uniformity and standardization of subjective patients-reported outcomes in specific to soft
tissue procedures,"we recommend using questionnaire depicted in Figure 3. Aesthetic is evaluated
prior to the surgieal procedure and at the last follow-up (at least 6 months) using a 1-10 VAS. Post-
operative pain is evaluated in the first 10 days after the surgical procedure using a 1-10 VAS.
Presence of swelling, bruising/hematoma and the number of days with swelling are also assessed. The
number of days forirecovery is defined as the days with post-operative pain > 0. At the last follow-up
visit (at least 6 months), aesthetics is evaluated both using a 1-10 VAS and also asking the patient the
following question: “How much do you think that your aesthetics has improved compared to
baseline?”. Lastly, treatment satisfaction and quality of life are assessed using a 1-10 VAS. The
proposed recommended methods for assessment of soft tissue grafting procedures-related subjective

outcomes measures can be utilized alone or in combination with the OHIP-14 questionnaire.

Based on thesavailable evidence, the following conclusions can be drawn:

1) PROMs represent a crucial endpoint of clinical studies evaluating the outcomes of soft tissue
grafts at implant sites and can be captured with questionnaires including dichotomous or open
questions, VAS or OHIP-14.

2) Most of the studies did not find significant differences in terms of patient morbidity and
painkillers between autogenous grafts and XCM/ADM. Nevertheless, a trend towards lower
postoperative discomfort was observed for graft substitutes.

3) High, scores for patient satisfaction and aesthetic evaluation were observed in all the
interventions. Weak evidence suggests that CTG-treated sites may be rated by patients with
higher aesthetic outcomes compared to non-grafted sites.

4) Limited evidence supported the observation that soft tissue grafting at implant sites has a
positive impact on oral health-related quality of life

5) Further studies investigating peri-implant soft tissue augmentation incorporating PROMs are

needed to validate these findings and to further compare different graft materials.
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Table 1. Characteristics of the included studies and their interventions
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Legend. ADM: acellular dermal matrix. APF: apically positioned flap. CTG: connective tissue graft. EST: aesthetic evaluation of the treatment. FGG: free
gingival graft. KM: keratinized mucosa. NA: not available. NSSD: not statistically significant. OHIP-14: Oral Health Impact Profile. RCT: randomized
controlled trial. SAT: satisfaction of the treatment. VAS: visual analogue scale (from 0 to 100). XCM: xenogeneic collagen matrix. *SSD better compared to the

other treatment group

Table 2. Source of funding group per intervention and study design

RCTs Non-RCTs
Treatments assessed
Sponsored Self-sponsored Sponsored Self-sponsored
(Anderson et al., 2014; Baldi et al., 2020;
ADM vs CTG
Hutton et al., 2018)
(Cairo et al., 2017; Huber et al., 2018;
Lorenzo et al., 2012; Thoma et al.,

XCM vst€IG/FGG

2020b; Thoma et al., 2016; Vellis et al.,
2019)
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(Fenner et al., 2016; Roccuzzo

etal., 2016)
2010)
(Roccuzzo et al., 2019;
(De Bruyckere et al., )
CTG Zucchelli et al., 2018a;
2020)*

Zucchelli et al., 2013a)

Legend. ADM: acellular dermal matrix. CTG: connective tissue graft. FGG:

matrix. *RCTeomparing CTG to guided bone regeneration
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(3months)

NA

NA

10.1+7.8
(2weeks)
440 £4.25
(4weeks)
45+8
(8weeks)
23.6+24.7
(2weeks)
10.4+16.5
(4weeks)
9.7+155
(8weeks)

<30

<30

NA

NA

NA

NA

VAS
94.8+7.31

VAS
98.3 £2.26

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

VAS
95+8

NA

Change from baseline tc
lyear0.5+1.6
(OHIP-14)

Change from baseline tc
lyear1+2.6
(OHIP-14)

NA

NA

NA

NA

NA

NA

NA

NA

NA

Painkillers intake (NSSD
between the two groups)

NA

Soreness/




et al., 2016)

(Schallhorn
et al., 2015)

(Thoma et
al., 2016)

(Thoma et

al., 2020b)

(Vellis et
al., 2019)

RCT center,
Italy,
Private
Practice,
self-

supported

Multicenter
non- , USA,
RCT  University,

sponsored

Single
center,

Switzerland
RCT

University,

sponsored

Single
center,

Switzerland
RCT

University;
sponsored
Single
RCT center,

USA,

No soft
tissue
augmentati
on
(implants

with KM)
No soft
tissue
augmentati
on
(implants
without
KM)

XCM -

bilaminar

CTG -

bilaminar

XCM -

bilaminar

CTG -

bilaminar

XCM -

bilaminar

XCM -
APF
FGG - APF

NA

NA

At second

stage

NA

NA

NA

NA

Delayed

Delayed

yes

NA, NA,
NA

42.7, 416,

yes

43.8, 3/7,

yes

43.4, NA,
yes

44.1, NA,

no

NA, NA,
yes
NA, NA,

36

36

3,6

NA, 63

NA, 24

30, 35

10, 10

10,10

9,9

7,7

30, 30

30, 30
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NA

NA

NA

Slightly
higher than
XCM but
NSSD
Slightly
lower than
XCM but
NSSD

NA

NA

19+ 26

29.7+£29

NA

NA

VAS
90 +20

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Baseline 5.2 £6.1
Follow-up 4.4 + 5.6
(OHIP-14)

Baseline 5.6 £ 9.5
Follow-up 4.6 +5.9
(OHIP-14)

00

(OHIP-14) *

1+1.3
(OHIP-14)

NA

NA

discomfort referred during oral

hygiene procedures

NA

Painkillers intake (NSSD

between the two groups)

NA

NA

NA




(Wiesner et
al., 2010)

(Zucchelli
etal.,
2013a)

(Zucchelli
etal.,
2018a)

RCT

non-
RCT

non-
RCT

Private
practice,

sponsored

Single
center;
Austria,
Rrivate
practice;
NA

Single
center,
Italy,
University;
self-
supported
Single
center,
Italy,
University,
self-
supported

CTG

No soft
tissue
augmentati

on

CTG -

bilaminar

CTG -

bilaminar

yes
At
implant 39, 3/7, no 12
placement
NA 39, 3/7,no 12
NA, 6/14,
Delayed
yes
NA, NA,
Delayed 60
yes

10, 10

10, 10

20, 20

19,19

NA

NA

NA

NA

10/10
patients 6 pts preferred
satisfied the aesthetics of

the CTG sites*, 4

9/10 patient no preference

satisfied (VAS not used)
VAS
NA
87.55+10.2
VAS
NA
89.5+9.1

NA

NA

NA

NA

Willingness to retreatment

NA

NA
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Treatments assessed

RCTs

Non-RCTs

Sponsored Self-sponsored Sponsored Self-sponsored
(Anderson et al., 2014; Baldi et al., 202
ADM vs CTG
Hutton et al., 2018)
(Cairo et al., 2017; Huber et al., 2018
Lorenzo et al., 2012; Thoma et al.,
XCM vs CTG/FGG

2020b; Thoma et al., 2016; Vellis et al
2019)

XCM vs nan-grafted sites

(Froum et al., 2015)

XCM

(Schallhorn et al., 2015)

CTG/FGGyvs=non-grafted site

(Bianchi & Sanfilippo,
2004; Wiesner et al.,
2010)

(Fenner et al., 2016; Roccuzz
et al., 2016)

CTG

(De Bruyckere et al.,
2020)*

(Roccuzzo et al., 2019;
Zucchelli et al., 2018a;
Zucchelli et al., 2013a)
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