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Abstract
Background: Interventions to augment the mucosal thickness around dental
implants are indicated to optimize esthetics and maintain peri-implant health.
However, there is a lack of clinical data on the long-term performance of soft
tissue substitutes, such as volume-stable collagen matrix (VCMX), compared
to autogenous grafts, such as subepithelial connective tissue grafts (SCTGs).
This randomized controlled trial aimed to assess 5-year data on clinical and
radiographic outcomes at implant sites previously augmented with VCMX or
SCTG.
Methods: Twenty patients were randomly assigned for soft tissue augmentation
with VCMX or SCTG at single implant sites. Following abutment connection,
final restorations were inserted (baseline; BL) and patients were reexamined
up to 5 years (FU-5). Measurements included clinical data, marginal bone lev-
els, mucosal thickness, and ridge contour changes. Nonparametric tests and
estimates were applied for the statistical analysis.
Results: The median buccal mucosal thickness increased by 0.3 mm (Q1: –0.8;
Q3: 1.0) in the VCMX group (P= 0.656) and 0.3mm (Q1: 0.0; Q3: 1.0) in the SCTG
group (P = 0.188) between BL and FU-5 (intergroup P = 0.752), while the ridge
contour decreased by amedian of –0.3 mm (–0.9; –0.1) (P= 0.078) for VCMX and
–0.3 mm (–0.4; –0.2) (P = 0.039) for SCTG (intergroup P = 0.817). Peri-implant
health was maintained in both groups with stable clinical and radiographic
outcomes and without significant differences between the treatments.
Conclusion: Despite the limited power and considerable dropout rate in the
present study, soft tissue augmentation at implant sites with either VCMX or
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SCTG resulted in similar stable peri-implant tissues, favorable esthetics, and
clinically negligible contour changes at 5 years post loading.

KEYWORDS
collagen matrix, dental implants, esthetic, oral surgical procedures, tissue transplantation

1 INTRODUCTION

Interventions to augment themucosal thickness at implant
sites are routinely performed to maintain peri-implant
health and to enhance the esthetic outcomes.1–3 Vari-
ous time points have been suggested to perform the soft
tissue grafting procedures including prior to or concomi-
tant with implant placement, during the healing phase
of the implant, and even post insertion of the final
restorations.4
Mucosal thickness augmentation has several benefits:

(i) over the short-term (early healing phase), reestablish-
ment of the convex ridge contour, as soft tissue grafting
may be responsible for up to 40% of the final volume5;
and (ii) in the long-run, the maintenance of peri-implant
health indicated by reduced probing depths, plaque levels,
and bleeding scores, as well as stable marginal bone lev-
els or minimal marginal bone changes.6–8 Furthermore,
mucosal thickness augmentation can mask the tissue
discoloration caused bymetallic abutments when the peri-
implant mucosal thickness is thin (<2 mm),9,10 thereby
improving the esthetic outcome.11 In addition, soft tissue
augmentation appears to favor the stability of the mucosal
margin.12,13
Current scientific data recommends the use of auto-

genous subepithelial connective tissue grafts (SCTGs) as
the grafting material of choice for mucosal thickness
augmentation.14,15 SCTGs have demonstrated favorable
outcomes, primarily by improving soft tissue esthetics at
implant sites.16,17 It should be noted that the use of an
SCTG is inevitably accompanied by increasedmorbidity, as
it requires an additional harvesting procedure18 and the tis-
sue availability is limited.Arguably, the best treatmentmay
not necessarily be the one that shows the highest efficacy
in randomized clinical trials, but the one that fits with the
patients’ values and preferences.19,20 Consequently, greater
reliance is placed on patients’ preferences—the so-called
patient reported-outcome measures (PROMS), which are
becoming crucial for the selection of the intervention.21–23
Therefore, soft tissue substitutes of various origins have
been introduced and evaluated in a plethora of pre-clinical
and clinical studies.22–25 Short-term data on these soft
tissue substitutes appear promising as patient morbidity
decreases compared to autogenous soft tissue grafts.22,24,26
However, and despite these promising findings, there is a

lack of long-term data using this type of substitute for soft
tissue augmentation at implant sites. This is clinically rel-
evant, as reliance on long-term data is a decisive factor for
decision-making in daily practice.
The aim of the present study was, therefore, to assess

the mucosal thickness, esthetics, peri-implant health, as
well as ridge contour changes and patient evaluations (i.e.,
PROMs) of implant sites previously subjected to soft tissue
augmentation with either a tissue substitute (a volume-
stable collagen matrix, VCMX) or an SCTG 5 years after
insertion of final restorations.

2 MATERIALS ANDMETHODS

2.1 Study design

The present study was designed as a non-interventional
follow-up of patients previously enrolled in a random-
ized controlled clinical trial (RCT) performed according to
ISO Standard 14155:2011 (“Clinical Investigation of medi-
cal devices for human patients”), along with appendices
VIII and X of the Medical Device Directive 93/42EFC and
the Declaration of Helsinki, 2004.27Following approval
by the local ethics committee (KEK_ZH-Nr 2012-0226),
patients were recalled at the Clinic of Reconstructive Den-
tistry in Zürich, Switzerland, between November 2012
and May 2020. The reporting of the present trial fol-
lows the guidelines of the CONSORT statement28 and
was registered in the German Clinical Trials Register:
DRKS00017484.

2.2 Inclusion criteria

The specific inclusion criteria were as follows:

1. Patients with a volume deficiency at single-tooth
implant sites enrolled in the previous RCT27 and reex-
amined annually up to 5 years post insertion of final
restorations

2. Final restoration inserted at the implant site
3. Ability to fully understand the nature of the proposed

non-interventional long-term follow-up study and the
ability to sign the informed consent form
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2.3 Exclusion criteria

Any of the following constituted grounds for exclusion
from the study:

1. Newly developed disease interfering with soft tissue
regeneration (e.g., diabetes)

2. Second soft tissue augmentation since completion of
the previous study27

3. Severe trauma to the implant site
4. Patients not willing to participate in the 5-year follow-

up examination

2.4 Clinical procedures

Twenty implants were placed in 20 patients with single-
tooth gaps. During the healing phase (submerged healing),
patients were treated with a soft tissue grafting procedure
to augment themucosal thickness. Using a sealed envelope
with the assignment contained for either of two treatment
modalities, patients were randomized to the VCMX* and
SCTG groups.
Sulcular incisions were made around the neighboring

teeth, followed by a straight incision connecting the palatal
line angles of the two neighboring teeth, and the eleva-
tion of a full thickness flap on top of the ridge crest. A
split thickness flap was then prepared by a sharp dis-
section using a blade, leaving the periosteum intact on
the buccal aspect. Subsequently, the split-thickness flap
on the buccal side was extended resulting in a pouch
larger than the expected size of the VCMX or SCTG. Addi-
tional periosteal releasing incisions were made to allow a
tension-free wound closure.
In the VCMX group, the matrix with an initial dimen-

sion of 15 mm × 20 mm × 6 mmwas trimmed according to
the needs at the recipient site (desired volume).
In the SCTG group, following a single incision tech-

nique, an autogenous connective tissue graftwas harvested
from the palate.
For both groups, the grafts were positioned into the

pouch and sutured to the palatal flap. Primary tension-free
wound closure was obtained with a horizontal mattress
and single interrupted sutures.† Sutures were removed
7–10 days later, following abutment connection.
Three months later, impressions were taken, and sub-

sequently, final restorations were inserted. All patients
were then enrolled in individual maintenance programs at
the Clinic of Reconstructive Dentistry with regular dental
check-ups and dental hygienist appointments.

* Geistlich Fibro-Gide, Geistlich Pharma AG, Wolhusen, Switzerland.
†Gore Tex 5-0, W.L. Gore & Associates, Inc., Flagstaff, Arizona, USA.

2.5 Baseline and follow-up
examinations

Follow-up examinations were scheduled at 2 weeks after
insertion of the final restorations (baseline; BL), again
at 6 months, and then yearly up to 5 years (FU-5). All
examinations were performed by a blinded examiner not
involved in the previous RCT and unaware of the ther-
apy the patients had received. The maintenance recalls
were tailored according to each patient, ranging from 3 to
6 months.

2.6 Outcomemeasures

2.6.1 Primary outcome measure: mucosal
thickness

The mucosal thickness was assessed using an endodon-
tic file (K-File 31/15)‡ inserted 1 mm apical of the mucosal
margin on the buccal side of the implant restorations with
the help of an individualized stent. Changes in mucosal
thickness over time (BL to FU-5) were considered as the
primary outcome. Ridge contour stability was considered
with changes <0.5 mm.29

2.6.2 Secondary outcome measures

Ridge contour changes
At all follow-up examinations, dental impressions of the
implant sites and the two neighboring teeth were taken
using an A-silicone impression material,§ and casts were
poured and scanned with a lab scanner to obtain a stere-
olithography (STL) file. The respective STL files were
processed with a digital imaging software program.|| A
region of interest (ROI) was defined with a trapezoid
shape: the coronal border was 1 mm apical of the mucosal
margin; the apical border was located at the mucogingival
junction; themesial and distal borderswere at a distance of
1 mm from the neighboring teeth (Figures 1 and 2). Due to
inter-individual anatomical differences between the sites,
the ROI varied between patients, but was kept consistent
for all follow-up time points. STL files of the various time
points (BL, 6months, 1 year, 3 years, 5 years) were superim-
posed applying a best-fit algorithm on the surfaces of the
surrounding structures (neighboring teeth). The software
then calculated the mean distance between the surfaces
within the ROI in mm.

‡Dentsply Maillefer, Tulsa, Oklahoma, USA.
§ President, Coltene/Whaledent, Altstätten, Switzerland.
|| SMOP, Swissmeda AG, Zurich, Switzerland.
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THOMA et al. 233

F IGURE 1 Representative case of the volume-stable collagen matrix group. (A) Clinical situation at baseline after the delivery of an
implant-supported restoration in position 21. (B) Clinical situation at 1-year follow-up. (C) Clinical situation at 3 years of follow-up.
(D) Clinical situation at 5 years of follow-up. (E) Cross-section view through superimposed stereolithography (STL) files, with the yellow line
representing the baseline STL, the red line as the STL at 3 years and the light blue line at 5 years of follow-up. (F) Three-dimensional view at
5 years of follow-up with the corresponding region of interest (ROI) delineated in orange. MG =margo mucosae

F IGURE 2 Representative case of the subepithelial connective tissue graft group. (A) Clinical situation at baseline after the delivery of
an implant-supported restoration in position 12. (B) Clinical situation at the 1-year follow-up. (C) Clinical situation at 3 years of follow-up.
(D) Clinical situation at 5 years of follow-up. (E) Cross-section view through superimposed stereolithography (STL) files, with the yellow line
representing the baseline STL, the red line as the STL at 3 years and the light blue line at 5 years of follow-up. (F) Three-dimensional view at
5 years of follow-up with the corresponding region of interest (ROI) delineated in orange. MG =margo mucosae
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2.7 Clinical and periodontal
measurements

Probing depth (PD), plaque control record (PCR), and
bleeding on probing (BOP) were assessed at six sites for
all implants and the respective two neighboring teeth. The
width of the keratinized tissue (KT) was measured on the
buccal side of the implants and the two adjacent teeth. The
presence of peri-implant health or disease was assessed
according to the report of the 2017 World Workshop on
theClassification of Periodontal and Peri-ImplantDiseases
and Conditions.
The definition used for peri-implantmucositis cases was

as follows30:
• Presence of profuse (line or drop) bleeding and/or

suppuration on probing
• An increase in probing depths compared to baseline
•Absence of bone loss beyond crestal bone level changes

resulting from the initial remodeling
Peri-implantitis cases were defined by the following

criteria7,30:
• Presence of bleeding and/or suppuration on gentle

probing
• Increased probing depth compared to previous exami-

nations
• Presence of bone loss beyond crestal bone level

changes (≥2 mm) from baseline
• Probing depths of ≥6 mm

2.8 Radiologic examination and
assessment of bone loss

Radiographswere taken using a paralleling techniquewith
digital sensor holders.¶ Marginal bone levels were calcu-
lated at different time points by measuring the distance
between the implant shoulder and the first bone-to-
implant contact. The inter-thread pitch distance was used
for the calibration of the apical-coronal measurements
in each radiograph by using open-source software.# The
marginal bone level assessments were performed by one
independent examiner who was not involved in the surgi-
cal or prosthetic treatment. The examiner performed the
measurements on two different occasions at least 1 month
apart. For the second occasion, radiographs of 10 patients
were randomly selected using a computer-generated list
(www.randomizer.org) and the intra-examiner reliability
was calculated with the intra-class correlation coefficient
(ICC). The ICC amounted to 0.97 (confidence interval [CI]:
0.87–0.99), revealing excellent intra-examiner reliability.

¶ XCP dental film/PSP holder, Dentsply, Charlotte, North Carolina, USA.
# ImageJ 1.50i, National Institutes of Health, Bethesda, Maryland, USA.

2.9 Esthetics

Esthetics of the peri-implant tissues (mesial and distal
papilla) was assessed by measuring the papilla fill (papilla
index),31 the crown height (distance between the incisal
edge and the mucosal margin on the buccal side), and
the Pink Esthetic Score (PES). A blinded and calibrated
clinician who was not involved in the surgical or pros-
thetic treatment performed all measurements. The PES
scores were determined on two different occasions at least
1 month apart. For the second occasion, 10 cases were
randomly selected using a computer-generated list (www.
randomizer.org). For the PES scores, the ICC amounted
to 0.95 (CI: 0.80–0.98), indicating excellent intra-examiner
reliability.

2.10 Patient-reported outcome
measures (PROMs)

All patients filled out a standardized questionnaire (oral
health impact profile-G14; OHIP-G14) to record PROMs.

2.11 Randomization procedure,
concealment of allocation, and outcome
assessments

A block randomization was used to ensure a balance in
patients allocated to either of the two groups. A studymon-
itor performed the allocation concealment by preparing
the assigned treatment in opaque, sealed envelopes. Dur-
ing surgery, these envelopes were opened following the
preparation of the recipient site, thereby revealing the allo-
cation. Blinding of the surgeon was not possible due to the
nature of the SCTG group (harvesting). The examiner per-
forming the follow-ups was blinded to the treatment as he
did not participate in the initial surgical phase of the study.

2.12 Statistical analysis

Means, medians, standard deviations, minimums, max-
imums, and the Q1 and Q3 quartiles were used to
describe continuously scaled variables and counts and
percentages for categorically scaled variables. Nonpara-
metric statistical methods were applied. Differences in
the distribution functions between treatment groups were
evaluated with the Mann–Whitney U-test, and within
treatment groups with the Wilcoxon signed-rank test. The
treatment-related differences of medians were expressed
as Hodges-Lehmann-estimates, including 95% CIs. The
data were analyzed as intention-to-treat. As this was a
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TABLE 1 Patient demographics at baseline

VCMX group SCTG group P-value*
Sex n (female) 7 6 1.000

n (male) 3 4
Age Mean ± SD 44.1 ± 12.8 43.4 ± 18.7 1.000

Median 46.0 47.5
Q1; Q3 39.0; 48.0 23.0; 60.0

Cigarettes per day Mean ± SD 0.0 ± 0.0 1.0 ± 2.5 0.184
Median 0.0 0.0
Q1; Q3 0.0; 0.0 0.0; 0.0

Abbreviations: Q1, first quartile; Q3, third quartile; SCTG, subepithelial connective tissue graft; SD, standard deviation; VCMX, volume-stable collagen matrix.
*Mann-Whitney U-test, P-values are given.

follow-up investigation of a previously performed random-
ized controlled clinical trial, the sample size resulted from
the corresponding published study.27 The original sample
size was calculated to assess the non-inferiority of VCMX
to SCTG for the changes in soft tissue thickness. Consider-
ing a non-inferiority margin of 1 mm, a SD of 0.5 mm, and
a dropout rate of 30%, 10 patients per group were required
to have 95% power with an alpha set at 0.05 to be consistent
with the 95% CI of the non-inferiority trial.27

3 RESULTS

An overview with baseline demographics of the 20
patients, with 10 being treated with a VCMX and 10 with
an SCTG, is displayed in Table 1. Follow-up examina-
tions were performed between November 2012 and April
2015 (baseline; 20 patients) and January 2018 and June
2020 (FU-5; 15 patients). Due to the COVID-19 situa-
tion, two patients were unwilling to participate within the
desired time frame for the 5-year follow-up. Moreover, two
patients (one in each group) died between the 1- and 3-year
follow-ups, whereas one patient hadmoved abroad shortly
after the baseline examination. Therefore, 15 patients pro-
vided data for the 5-year analysis (Figure 3). None of the
15 patients received a second soft tissue augmentation
surgery during the follow-up of 5 years.

3.1 Mucosal thickness

The median mucosal thickness at baseline amounted to
3.0 mm in the VCMX and 3.0 mm in the SCTG groups
(intergroup comparison: P = 0.128) (Table 2). At 5 years,
the median mucosal thickness was 3.0 mm in the VCMX
and 3.3 mm in the SCTG groups, with no significant dif-
ferences between both groups (P = 0.771). The respective
changes in median mucosal thickness between BL and
5 years amounted to 0.3 mm in both groups (P = 0.752)
(Table 2).

3.2 Contour changes of the peri-implant
tissues

The dimensions of the ROI serving as a reference for the
contour changes varied from patient to patient depending
on the site (range 11–38 mm2; mean 24 mm2). The ridge
contour changes between baseline and 5 years demon-
strated a median decrease of –0.3 mm in both treatment
groups (intergroup comparison: P = 0.817) (Table 3).

3.3 Clinical and periodontal
measurements

Peri-implant health was maintained in both groups over
5 years. This was reflected by median PD values ≤3 mm
in both groups at all time points (see Table S1 in the
Supporting Information, available in the online Journal
of Periodontology) as well as by insignificant changes of
BOP from baseline to 5 years in both groups (see Table
S2 in the online Journal of Periodontology) (P > 0.05).
Regarding PCR (see Table S3 in the online Journal of Peri-
odontology) and KT (see Table S4 in the online Journal
of Periodontology), there were no significant differences
between the groups at any time point (P > 0.05), except
at FU-1 where a higher median of KT in the SCTG group
was observed (VCMX: 2.0 vs. SCTG: 3.0, P = 0.037).
Healthy peri-implant status, peri-implant mucositis, and
peri-implantitis were observed for VCMX in 71%, 29%, and
0% of the patients/sites, respectively, and in 50%, 50%, and
0%, respectively, for SCTG.

3.4 Radiographic data

Median marginal bone levels measured 0.3 mm (VCMX)
and –0.2 mm (SCTG) at baseline, and –0.2 mm (VCMX)
and –0.5 mm (SCTG) at 5 years, with no significant differ-
ences between the groups (P = 0.093) (Table 4). Changes
between baseline and FU-5 were insignificant in both
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TABLE 2 Soft tissue thickness at the different time points in both treatment groups and changes over time

Soft tissue thickness (mm)
VCMX group SCTG group

Intergroup
P-value*

BL 0.128
Mean ± SD 3.2 ± 0.8 2.7 ± 0.4
Median 3.0 3.0
Q1; Q3 3.0; 4.0 2.5; 3.0

6 M 1.000
Mean ± SD 2.9 ± 0.9 3.0 ± 0.9
Median 3.0 3.0
Q1; Q3 2.0; 3.8 2.0; 3.5

FU-1 0.900
Mean ± SD 2.8 ± 0.7 3.1 ± 1.3
Median 3.0 2.8
Q1; Q3 2.0; 3.0 2.0; 4.0

FU-3 0.901
Mean ± SD 3.6 ± 1.5 3.8 ± 1.5
Median 3.5 3.3
Q1; Q3 3.0; 4.0 3.0; 5.5
Diff. [95% Cl]*** 0.0 [−1.5; 1.0]

FU-5 0.771
Mean ± SD 3.4 ± 1.2 3.2 ± 1.1
Median 3.0 3.25
Q1; Q3 3.0; 4.0 3.0; 3.5
Diff. [95% Cl]*** 0.0 [−1.0; 1.5]

BL to 6M 0.318
Mean ± SD –0.3 ± 0.9 0.3 ± 1.0
Median 0.0 0.0
Q1; Q3 –0.5; 0.0 0.0; 1.0
P-value** 0.750 0.500

BL to FU-1 0.243
Mean ± SD –0.4 ± 0.9 0.4 ± 1.4
Median –0.5 0.0
Q1; Q3 –1.0; 0.3 –0.5; 1.0
P-value** 0.231 0.563

BL to FU-3 0.303
Mean ± SD 0.4 ± 1.1 1.1 ± 1.5
Median 0.5 0.75
Q1; Q3 –0.5; 1.25 0.0; 2.5
P-value** 0.281 0.047
Diff. [95% Cl]*** –1.0 [−2.0; 1.0]

BL to FU-5 0.752
Mean ± SD 0.3 ± 1.1 0.5 ± 1.0
Median 0.3 0.3
Q1; Q3 –0.8; 1.0 0.0; 1.0
P-value** 0.656 0.188
Diff. [95% Cl]*** 0.0 [−1.0; 1.0]

Abbreviations: 6M, follow-up at 6 months; BL, baseline; CI, confidence interval; FU-1, follow-up at 1 year; FU-3, follow-up at 3 years; FU-5, follow-up at 5 years;
Q1, first quartile; Q3, third quartile; SCTG, subepithelial connective tissue graft; SD, standard deviation; VCMX, volume-stable collagen matrix.
*Mann-Whitney U-test.
**Non-parametric Wilcoxon signed-test (intragroup differences).
***Hodges-Lehmann estimate of the treatment-related difference including 95% confidence interval (CI). P-values are given.
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TABLE 3 Profilometric changes by 3D volumetric analysis at the different time points in both treatment groups and changes over time

Profilometric changes (mm)
VCMX group SCTG group

Intergroup
P-value*

BL to 6M 0.462
Mean ± SD –0.1 ± 0.4 –0.2 ± 0.3
Median 0.0 –0.1
Q1; Q3 –0.2; 0.1 –0.3; 0.0
P-value** 0.574 0.049

BL to FU-1 0.369
Mean ± SD –0.2 ± 0.5 –0.2 ± 0.2
Median –0.1 –0.2
Q1; Q3 –0.2; 0.0 –0.4; -0.1
P-value** 0.301 0.002

BL to FU-3 0.596
Mean ± SD –0.3 ± 0.4 –0.2 ± 0.3
Median –0.2 –0.1
Q1; Q3 –0.5; –0.1 –0.3; –0.1
P-value** 0.039 0.020
Diff. [95% Cl]*** –0.05 [−0.49; 0.2]

BL to FU-5 0.817
Mean ± SD –0.4 ± 0.5 –0.3 ± 0.3
Median –0.3 –0.3
Q1; Q3 –0.9; –0.1 –0.4; –0.2
P-value** 0.078 0.039
Diff. [95% Cl]*** –0.025 [−0.64; 0.29]

Abbreviations: 6M, follow-up at 6 months; BL, baseline; CI, confidence interval; FU-1, follow-up at 1 year; FU-3, follow-up at 3 years; FU-5, follow-up at 5 years;
Q1, first quartile; Q3, third quartile; SCTG, subepithelial connective tissue graft; SD, standard deviation; VCMX, volume-stable collagen matrix.
*Mann-Whitney U-test.
**Non-parametric Wilcoxon signed-test (intragroup differences).
***Hodges-Lehmann estimate of the treatment-related difference including 95% confidence interval (CI). P-values are given.

TABLE 4 Marginal bone levels at the different time points in both treatment groups and changes over time

Marginal bone levels (mm)
VCMX group SCTG group

Intergroup
P-value*

BL 0.039
Mean ± SD 0.2 ± 0.7 –0.3 ± 0.5
Median 0.3 –0.2
Q1; Q3 0.0; 0.6 –0.4; 0.2

FU-5 0.093
Mean ± SD –0.4 ± 1.1 –0.7 ± 0.6
Median –0.2 –0.5
Q1; Q3 –0.6; 0.3 –0.6; –0.4

BL to FU-5 0.772
Mean ± SD –0.5 ± 0.7 –0.4 ± 0.4
Median –0.7 –0.4
Q1; Q3 –1.0; 0.2 –0.6; 0.0
P-value** 0.219 0.055

Abbreviations: BL, baseline; FU-5, follow-up at 5 years; Q1, first quartile; Q3, third quartile; SD, standard deviation; SCTG, subepithelial connective tissue graft;
VCMX, volume-stable collagen matrix.
*Mann-Whitney U-test.
**Non-parametric Wilcoxon signed-test (intragroup differences). P-values are given.
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F IGURE 3 CONSORT flow diagram. VCMX, volume-stable collagen matrix; SCTG, subepithelial connective tissue graft; PROMs,
patient-reported outcome measures

groups, with –0.7 mm (P = 0.219) in the VCMX group
and –0.4 mm (P = 0.055) in the SCTG group (intergroup
P = 0.772) (Table 4).

3.5 Esthetics

All esthetic outcome measures are presented in Table S5
(see the online Journal of Periodontology). At BL median
PES scores amounted to 9.0 (9.0; 11.0) for VCMX and 8.5
(6.0; 11.0) for SCTG (intergroup P = 0.444). At 5 years
of follow-up, the median PES amounted to 11.0 in both
groups, with no significant differences between the groups

(VCMX: 11.0 [8.0; 13.0] vs. SCTG: 11.0 [8.5; 12.0], P= 1.000).
The median mid-facial recession amounted to 0 mm in
both groups (VCMX: 0.0 [0.0; 1.0] vs. SCTG: 0.0 [0.0; 0.5])
at 5 years, indicating a stability of the mucosal margin (see
Table S6 in the online Journal of Periodontology).

3.6 Patient-reported outcomemeasures

The median overall OHIP-G14 scores were close to or at 0
at all follow-up time points without significant differences
between the groups (P > 0.05) (see Table S7 in the online
Journal of Periodontology).
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4 DISCUSSION

The present long-term follow-up of an RCT comparing a
collagen-based soft tissue substitute to an autogenous con-
nective tissue graft for mucosal thickness augmentation
at single implant sites predominantly revealed the follow-
ing, from crown insertion to 5 years: (i) similar mucosal
thickness between the groups; (ii) a comparable and slight
decrease of the buccal peri-implant tissue contour; (iii) sta-
ble and healthy peri-implant tissues in a majority of the
sites; and (iv) favorable and similar esthetic outcomes in
both treatment groups.
Mucogingival procedures to augment themucosal thick-

ness at implant sites are increasingly performed at various
time points during implant therapy.4,33–35 This is based on
scientific data indicating that a sufficient thickness of the
peri-implant tissues results in more favorable biological,
prosthetic, and esthetic outcomes.11,36,37 Nevertheless, the
majority of data derive from studies with a short- to mid-
term time frame. This is of clinical importance, as reliance
on long-term data is a decisive factor for decision-making
in daily practice. Hence, prospective clinical studies assess-
ing the effect of soft tissue grafting procedures in the long
run were needed.38
Traditional methods for assessing peri-implant tissue

changes are based on linear measurements using an
endodontic file inserted at the buccal aspect (close to the
mucosal margin) of the implant site.16,39–41 The present
study revealed a median thickness of 3 mm in both
groups at 5 years. Unfortunately, an unbiased compari-
son between the present values with other clinical datasets
is not feasible, as there are no long-term clinical data
available with VCMX. Notwithstanding, the present val-
ues are in line with previous clinical investigations on
implants in the esthetic zone with final mucosal thickness
values ranging from 2.4 mm35 to 3.4 mm.42 Apart from
traditional measurements, the superimposition of impres-
sions taken at various time points during the follow-up
examinations adds a further parameter for assessing the
stability of the peri-implant tissues. This technique was
introduced in the late 2000s43 and has been applied in
a plethora of both preclinical and clinical studies.29,44–48
In the present study, contour changes of the peri-implant
tissues demonstrated a clinically negligible decrease of
0.3 mm in both treatment groups. Clinically, such contour
changes might still be considered as stable and are in line
with previous clinical follow-up studies reporting similar
change.45,48
Interestingly, when the contour changes were com-

pared to the linearmeasurements using the endodontic file
(mucosal thickness), the two methods showed an oppo-
site trend. Whereas the contour slightly decreased, the
soft tissue thickness increased with a median difference

of ≈0.5 mm. This difference might be related to a resorp-
tion of the buccal bone compensated by an increase in soft
tissue thickness, as recently shown in a clinical study.51
Without cone-beam computed tomographies available this
hypothesis nevertheless cannot be confirmed. Another
possible explanation for this opposite trend is the method-
ology applied. The measurements with endodontic files
could be prone to some errors, including the instabil-
ity of the rubber stop with its potential to move up and
down the instrument shaft52 and the inherent rounding
errors.
Regarding the increase of soft tissue thickness over time,

the present study revealed a similar median increase of
0.3 mm in both groups between baseline and 5 years of
follow-up. This comparable increase between VCMX and
SCTG is in contrast to systematic reviews, which have indi-
cated a significantly higher increase of about 0.5 mm for
SCTG over soft tissue substitutes.37,49 Similarly, a recent
multi-center RCT, comparing VCMX to SCTG for soft tis-
sue augmentation at implant sites, revealed 0.4 mm more
increase (p < 0.05) with SCTG at 1 year follow-up. The
lack of difference between both treatment modalities in
the present study is most likely explained by methodologi-
cal differences.Whilst the study by Cosyn and coworkers38
was designed as a superiority trial with 60 patients, the
present trial was originally designed as a non-inferiority
trial with 20 patients. Apart from the inherent limited
power of the present study, non-inferiority trials are pri-
marily designed to find therapies that are not substantially
worse than the standard of care, but have other advantages,
such as lower morbidity.50
As mentioned above, autogenous soft tissue grafts are

still considered the gold standard to augment the mucosal
thickness, with gains of about 0.5 mm over soft tissue
substitutes.37,38,49 Soft tissue substitutes, however, can sig-
nificantly reduce pain perception, amounts of painkillers,
and surgery time, while achieving similar levels of patient
satisfaction as autogenous grafts.53 Arguably, the best treat-
mentmaynot necessarily be the one that shows the highest
efficacy in RCTs but the one that fits with the patientťs val-
ues and preferences.19,20 While from a clinical standpoint
a millimeter of difference might be important, this differ-
ence is probably irrelevant for the patient. In fact, statis-
tically significant differences do not necessarily equate to
clinically important differences.20 Nevertheless, the mini-
mal clinically important differences54,55 in implant-related
outcomes have not been established, complicating the
decision-making.20 Therefore, for the purpose of decision-
making it seems reasonable that clinicians ask themselves
how much they are willing to give up in terms of clin-
ical efficacy relative to the standard of care (SCTG), in
return for the benefits in terms ofmorbiditywith soft tissue
substitutes.53
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The maintenance of peri-implant health over time is,
apart from the pleasing esthetics, one of the goals in
implant therapy. Systematic reviews and clinical studies
have demonstrated that soft tissue grafting at implant
sites is one of the important parameters with a consider-
able influence on marginal bone levels and the respective
changes over time.2,33,56–58 Peri-implant health was main-
tained in both treatment groups as reflected by PD values
≤3 mm, an insignificant increase in BOP, as well as
marginal bone levels located close to the implant shoulder.
Final marginal bone levels were 0.2 and 0.5 mm below the
implant shoulder. Those values are within the range that
is commonly reported for two-piece dental implants with
a horizontal off-set at 5 years.59-–61
The present study demonstrated that the augmented

peri-implant tissues remained stable over 5 years. PROMs
further underlined the positive clinical experience in the
short term. PROMs were assessed at all follow-up exami-
nations using a standardized and validated questionnaire
(OHIP-14). The scores obtained were all close to 0 at all
follow-up time points, reflecting success for the overall
treatment from the patient’s point of view. The obser-
vation that PROM scores return to 0, once the active
treatment phase is over, has been shown in several clinical
studies.16,62,63
The outcomes of the present non-interventional follow-

up are limited by a number of factors: (i) a low sample
size and a considerable drop-out rate, limiting the power of
the study to detect significant differences; (ii) the COVID-
19 situation that prevented two additional patients from
attending the scheduled 5-year examination; (iii) the learn-
ing curve being associated with a new device reflected
in some of the early outcomes; (iv) the gap between the
time point of abutment connection and the insertion of
the final restoration that is not reflected in any outcome
measure; (v) the hybrid workflow (indirect technique) to
obtain the STL files, being prone to some inherent errors
due to the additional steps and which may have affected
the volumetric analyses; and (vii) possible inaccuracies in
the radiograph evaluation between the follow-ups, despite
the calibration of the examiner and the use of digital sensor
holders and bite blocks, since individualized bite blocks for
each patient were not fabricated.
Despite the limitations mentioned above, this is the

first RCT that provides long-term data with a cross-
linked VCMX showing long-term performance and safety.
Assuming that patients tend to prefer less painful pro-
cedures and clinicians simplified procedures, the use of
a soft-tissue substitute appears to be an acceptable alter-
native to SCTG for mucosal thickness augmentation at
implant sites, particularly in pain-sensitive patients.37,38,53
Collectively, the present findings can assist clinicians in
the decision-making process in clinical practice.

5 CONCLUSIONS

Despite the limited power and the considerable dropout
rate of the present study, implant sites that underwent a
procedure to augment the mucosal thickness using either
a VCMX or the gold standard (SCTG) resulted in sta-
ble peri-implant tissues from a biological (peri-implant
health in a majority of the cases), clinical (ridge contour),
as well as esthetic (PES scores) point of view, in addi-
tion to favorable PROMs, during an observation period of
5 years.
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