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Abstract
Objectives: To compare two ridge preservation techniques and spontaneous healing 
in terms of hard and soft tissue changes 2 months after tooth extraction.
Material and methods: The study was designed as a randomized controlled trial and in-
cluded 75 patients. After single tooth extraction in the maxillary incisor/premolar area, 
patients were randomly allocated to one of the following groups: (a) ridge preservation 
with a xenogeneic bone substitute covered with a collagen matrix (CM-group), (b) ridge 
preservation with a xenogeneic bone substitute covered with a free palatal graft (PG-
group) or (c) spontaneous healing (control). Eight weeks after tooth extraction, implants 
were placed and clinical, profilometric and radiographic evaluations were performed. 
In addition, the need for further guided bone regeneration (GBR) at implant placement 
was assessed. The differences between the treatment groups were compared with the 
One-way ANOVA or Kruskal–Wallis test with the corresponding post hoc analysis. The 
proportions of the categorical parameters were compared with the Fisher ś exact test.
Results: Seventy-five patients underwent early implant placement 8 weeks after tooth 
extraction and were evaluated. CM-group (−0.9 SD 0.6 mm) and PG-group (−1.0 SD 
0.8 mm) showed less horizontal bone resorption compared to the control group 
(−3.2 SD 2.1 mm) (p < .001). Moreover, the necessity of GBR at implant placement was 
significantly less in CM-group (32%) and PG-group (24%) when compared to control 
group (72%) (p = .001). Patients in CM-group experienced less pain than PG-group, 
one week after tooth extraction (p = .042). No significant differences were found re-
garding graft evaluation, post-operative complications, and soft tissue contour.
Conclusions: Ridge preservation using a xenogeneic bone substitute covered with a 
collagen matrix or a palatal graft, results in less bone resorption and fewer GBR pro-
cedures at early implant placement compared to spontaneous healing.
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1  | INTRODUC TION

Replacement of a single tooth in the esthetic zone by means of im-
plant therapy is a demanding procedure. Following tooth extraction, 
the alveolar ridge undergoes horizontal and vertical bone loss 
(Chappuis et al., 2013, 2015; Lang et al., 2012). This can negatively 
influence the ridge contour and thus the esthetic outcome (Chappuis 
et al., 2017). In order to achieve optimal esthetic results, both the 
bone and soft tissue contour should be preserved as good as possible. 
Ridge preservation is used to reduce the resorption of the ridge (Jung 
et al., 2018). The main goal of alveolar ridge preservation (ARP) pro-
cedures is to preserve both hard and soft tissue volume for future im-
plant placement (Avila-Ortiz et al., 2019; Jung et al., 2018). Landsberg 
described a modified ridge preservation technique called “socket seal 
surgery,” where flap elevation is avoided and bone and soft tissue 
grafting is combined prior to implant placement. In addition to the ap-
plication of a bone substitute material, an epithelialized palatal graft 
is used to seal the extraction site from the oral cavity immediately 
after tooth extraction (Landsberg & Bichacho, 1994). The application 
of a biomaterial at the extraction site, which is then covered with a 
collagen matrix or a free soft tissue graft, results in less vertical and 
horizontal changes of the alveolar ridge 4–6 months after extraction 
and can lead to good esthetic results at future implant sites (Jung 
et al., 2004, 2013; Lim et al., 2019). Combining ARP with early im-
plant placement might offer the advantage of optimizing the soft tis-
sues but without the drawback of a prolonged healing period (Thoma 
et al., 2020). Although applying a free soft tissue punch graft is a rel-
atively straightforward procedure, patient morbidity is increased due 
the second surgical site (Griffin et al., 2006). The use of a substitute 
material for soft tissue grafting would prevent donor morbidity asso-
ciated with soft tissue grafts when performing ARP (Jung et al., 2013; 
Schneider et al., 2014). This is one of the first studies to evaluate two 
ARP techniques with spontaneous healing for early implant place-
ment. The aim of current study was to evaluate the clinical results, 
profilometric and radiographic changes, as well as patient satisfac-
tion following alveolar ridge preservation (ARP) in single sites in the 
anterior maxilla comparing the use of a bone substitute material of 
xenogeneic origin covered with either a xenogeneic collagen matrix 
or a free gingival graft (punch technique) versus spontaneous healing.

2  | MATERIAL AND METHODS

2.1 | Study design

The study protocol was approved by the medical ethical com-
mittee, the central committee on human subjects (MEC-2015-
016; NL49965.078.14) and registered in the Dutch trial register 
(NL6497). This research was conducted according the principles of 
the Declaration of Helsinki. The CONSORT statement was used for 
reporting (Moher et al., 2010). The study was designed as a rand-
omized controlled clinical trial with patients being randomly allo-
cated to one of two ARP techniques or a negative control group:

CM-group: Demineralized bovine bone mineral with added 10% 
collagen (Geistlich Bio-Oss® Collagen, Geistlich Pharma: DBBM-C), 
and covered with a collagen matrix (Geistlich Mucograft® Seal, 
Geistlich Pharma: CM).

PG-group: Demineralized bovine bone mineral with added 10% 
collagen (DBBM-C) covered with an autogenous soft tissue “punch” 
graft harvested from the palate (PG).

Control: Spontaneous healing.

2.2 | Randomization and treatment allocation

The patients were randomized in either the CM-group, PG-group, 
or control by digital software allocation according to the block 
method (Urbaniak & Plous, 2013). The allocation sequence was 
concealed from the surgeon (JP) in opaque, sealed envelopes, 
until the very last step in the surgical procedure (just after surgical 
removal of the tooth). Patients were not blinded as this was not 
possible. Reporting of clinical measurements was blinded, as the 
reporting clinician (JP) was unaware of the treatment group. The 
investigators were not aware of the allocation during the analysis 
of the data.

2.3 | Study population

All operations were performed at the Erasmus University Medical 
Center, Rotterdam and the Catherina Hospital, Eindhoven, the 
Netherlands. All patients were referred for implant placement by 
their general practitioner. In close cooperation with the referring 
dentist, a treatment plan was set up that included a surgical phase 
(extraction, ARP and implant placement) and a prosthetic phase in 
the dental office of the referring dentist (dental crown placement). 
All surgeries were performed by one surgeon (JP). Patients were 
considered for inclusion in this study when they fulfilled the fol-
lowing criteria:

Inclusion criteria

• Over 18 years of age
• Single tooth replacement
• Maxillary tooth at the location of an incisor, cuspid, or first/sec-

ond premolar
• Patients able and willing to understand and follow the study 

procedures

Exclusion criteria

• Ongoing periodontal disease and bone loss
• Smoking
• Uncontrolled diabetes
• History of radiotherapy in the head-and-neck region
• Current chemotherapy
• Disability to maintain basic oral hygiene procedures
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2.4 | Surgical procedure

Tooth extraction was performed carefully in order to preserve the 
buccal bone plate and the surrounding soft tissues. A flapless pro-
cedure was performed using periotome, elevators, and forceps. If 
needed, a drill was used to remove the tooth in multiple pieces. After 
extraction, any existing granulation tissue was removed and the 
socket was rinsed with sterile saline.

2.4.1 | CM-group

The soft tissue borders of the alveolus were de-epithelialized using 
a rotating diamond burr. The DBBM-C was placed within the socket 
up to the level of the lingual/palatal bone plate. The CM was placed 
on top of the DBBM-C and sutured to the gingival margins of the 
socket with 4 to 6 interrupted sutures (No. 4-0 Ethilon, Ethicon).

2.4.2 | PG-group

The soft tissue borders of the alveolus were de-epithelialized 
using a rotating diamond burr. The DBBM-C was placed within the 
socket up to the level of the lingual/palatal bone plate. A suitable 
site for graft harvesting at the patient's palate was chosen, keep-
ing a distance of 4 to 5 mm to the gingival margin. A free gingival 
graft with a target thickness of 4- to 5-mm thickness was harvested 
with a biopsy punch and gently removed with a sharp tissue eleva-
tor. Bleeding was stopped by compression with a sterile gauze. The 
soft tissue defect (mucosa or periosteum) was then covered with a 
tissue glue (Histoacryl, B. Braun Medical B.V.). The harvested graft 
was placed on top of the DBBM-C and sutured to the marginal gin-
giva of the socket with 4 to 6 interrupted sutures (No. 4-0 Ethilon, 
Ethicon). If the harvested graft was higher than the buccal or palatal 
soft tissues of the recipient sites, the graft was adapted according to 
these dimensions.

2.4.3 | Control

After cleaning and rinsing the socket with sterile saline solution, a 
cross-mattress suture (No. 4-0 Ethilon, Ethicon) was used to keep 
the blood clot in place allowing spontaneous healing of the site.

All patients in the three treatment groups were instructed to 
rinse twice a day with a 0.12% Chlorhexidine solution and received 
pain medication (Ibuprofen) and antibiotics (Amoxicillin) for 5 days. 
Sutures were removed after 1 week.

2.4.4 | Implant placement

Eight weeks after tooth extraction implants were placed. The im-
plants placed had a diameter of 4.1 or 3.3 mm, and a length of 8 to 

12 mm (Bone Level Tapered implants, Institute Straumann AG). After 
raising a mucoperiosteal flap from the top of the alveolar process, 
implants were placed according to the manufacturers guidelines. In 
case of thin a thin buccal plate (<1 mm) or a dehiscence at the buc-
cal aspect, a guided bone regeneration (GBR) was performed. This 
implied coverage of the titanium surface of the dental implant with 
locally harvested autogenous bone, covered with DBBM (Geistlich 
Bio-Oss®, Geistlich Pharma AG) and subsequent coverage with a 
resorbable membrane (Geistlich Bio-Gide®, Geistlich Pharma AG). 
The autogenous bone chips were harvested via the existing flap or a 
relatively small extension of the flap.

2.5 | Outcome measurements

Figure 1 shows an overview of the treatment and follow-up se-
quence of the three treatment groups. Figure 2 illustrates the sur-
gical procedure in the three different groups and follow-up after 
1 and 8 weeks. The null hypothesis is that there is no difference 
between the three treatment groups for the following outcome 
measurements.

2.5.1 | Clinical evaluation of the soft tissue healing 
after ridge preservation

The status of the grafted area was visually assessed at 1 and 8 weeks 
following grafting (Jung et al., 2004). The soft tissue was classified as: 

- Integrated: supplied with blood, indicated by a reddish tissue 
color

- Fibrinoid: covered with fibrin and responding by bleeding after 
removal of the fibrinoid surface

F I G U R E  1   Overview of the treatment and follow-up sequence
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F I G U R E  2   The surgical procedure in the three different groups and follow-up after 1 and 8 weeks
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- Incomplete (partially integrated): incomplete wound closure, area 
of epithelial invagination, and access to the graft material with a 
periodontal probe

- Necrotic (not integrated): no signs of blood supply

Clinical evaluation of the soft tissue healing was carried out by 
one person (JP).

All adverse events such as signs of infection, post-operative bleed-
ing, and allergic reactions were evaluated during all follow-up visits.

2.5.2 | Horizontal soft tissue contour changes

Alginate (Cavex CA37, Cavex Holland) impressions of the patients 
were taken at baseline (before extraction) and 8 weeks thereaf-
ter at the time of implant placement. Alginate was mixed using an 
automatic alginate mixer (Cavex Alginate Mixer, Cavex Holland). 
Pouring and casting was performed the next day by the dental 
laboratory. For the evaluation of the soft tissue contour changes, 
the poured plaster models were scanned with a surface scanner 
(7Series Model & Impression Scanner, Dental Wings). The ob-
tained standard tesselation language (stl)-files were imported into 
a software for profilometric analysis (Swissmeda/SMOP). Digital 
cast models representing the time point before extraction and 
before implant placement (8 weeks after extraction) were super-
imposed by selecting three common points in both models for 
an automatic superimposition, followed by manual superimposi-
tion of both models in all three dimensions. The relevant area for 
the measurements of contour changes was defined according to 
previous studies on ridge contour alterations (Fickl et al., 2009; 
Schneider et al., 2011; Thoma et al., 2010). The area was defined 
horizontally by the mesial and distal papillary midline and verti-
cally by the mucogingival line, and was measured 1 mm apical to 
the pre-extraction gingival margin. The area of interest was a rec-
tangle measuring 4 mm in width and 2 mm in height. The mean 
change in the soft tissue contour per area was obtained by calcu-
lating in millimeters the mean value of all distances in labial direc-
tion contained in that area of interest.

2.5.3 | Horizontal and vertical radiographic changes

To perform the radiographic measurements, cone-beam computer 
tomograph (CBCT) scans at baseline (before extraction) and at 
8 weeks post-extraction (before implant placement) were processed 
using the same software for profilometric analysis. The smallest field 
possible for the CBCT device and maximal axial slice thickness of 
1 mm was used. The horizontal and vertical measurements were cal-
culated using the center of the long axis of the alveolus as a refer-
ence (Figure 3). The most apical point of the extraction socket was 
defined in the baseline image and two reference lines were subse-
quently drawn. The vertical reference line was drawn in the center 
following the long axis of the extraction socket crossing the apical 

reference point. The horizontal reference line was drawn perpen-
dicular to the vertical line crossing the apical reference point. The 
following measurements with respect to these reference points and 
lines were performed in the center of the extraction socket at base-
line and at 8 weeks post-extraction: 

- The horizontal ridge width measured at −1, −3, and −5 mm 
depth from the level of the palatal crest parallel to the hor-
izontal reference line.

- The vertical ridge height measured from the apex of the alveolus 
to the buccal and palatal crest, parallel to the vertical reference 
line.

2.5.4 | Soft tissue dimensions at implant placement

Both the CBCT and the STL data obtained at 8 weeks post-extraction 
were imported into the above-described analysis software. Both were 
superimposed by selecting three common points to both surfaces for 
the automatic superimposition, followed by the manual superimposi-
tion in the three dimensions. The vertical reference line was drawn 
in the center following the long axis of the healed extraction socket 
crossing the apex (Figure 4). The horizontal reference line was drawn 
perpendicular to the vertical line at −1 mm depth from the palatal 

F I G U R E  3   Horizontal and vertical radiographic changes. HR, 
horizontal reference line; VR, vertical reference line; B, buccal side; 
P, palatal side
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bone crest. The following measurements were then performed in the 
center of the extraction socket at 8 weeks post-extraction: 

- The horizontal thickness of the tissue was calculated in milli-
meters on the buccal and palatal side.

- The vertical thickness of the tissue was calculated in millimeters 
at the center vertical reference line of the alveolus.

2.5.5 | Necessity of additional augmentation

A thin buccal wall (<1 mm) or dehiscence of the buccal wall after im-
plant placement was reconstructed with the above-mentioned GBR 
technique. Necessity of this additional augmentation was recorded 
and evaluated.

2.5.6 | Patient-reported outcomes

At follow-up, the influence of the treatment on patient satisfaction 
was investigated by a patient's questionnaire (before treatment and 
1 week after tooth extraction by a visual analog scale (VAS) ranging 
from 1–10. Pain, swelling, and impact of the surgery were evaluated.

2.6 | Statistical analysis

For nominal and dichotomous outcome data, significant differences 
between groups were calculated using the Fisher-Freeman-Halton 
exact test with post hoc pairwise Fisher's exact tests. A p-value <.05 
was considered a significant difference. A Bonferroni correction 
for multiple comparisons was used. For the continuous outcomes, 
means were presented together with standard deviations (SD’s) and 
medians with the first and third interquartile ranges. Means and SD’s 
were additionally calculated for the non-normal distributed data to 
compare the data to other studies. To observe possible differences 
between the 3 treatment arms, the one-way ANOVA was used and 
presented. If a significant difference was observed between the 
groups from the one-way ANOVA, a Tukey's honestly significant 
difference post hoc analysis was performed to check which specific 
groups differed. If there were outliers the test was re-run without 
the outliers to check is results were different. If other assumptions 
for the ANOVA were not met (assessed by the Shapiro–Wilk test of 
normality and Levene's test of homogeneity of variances), the non-
parametric Kruskal–Wallis test was used and were significantly dif-
ferent, post hoc analysis was performed using Dunn's procedure. A 
Bonferroni correction for multiple comparisons was used for both 
procedures and adjusted p-values were presented. As thin wall phe-
notypes (incisor and cuspid area) often show a progressive bone re-
sorption in contrary to thicker bone wall biotypes (premolar area), 
a subgroup analysis was performed with the patients receiving an 
implant in the incisors/cuspid area and premolar area separately.
(Chappuis et al., 2017) All analyses were performed using IBM SPSS 
Statistics for Mac, version 26.0: IBM Corp. Sample size calculation 
of this randomized controlled trial is based on the change in mar-
ginal soft tissue between the three groups one year after 1 year of 
loading. For similar patients, the SD of these changes was 0.58 mm 
(Buser et al., 2009). A difference of 0.5 mm is considered a relevant 
difference leading to 21 patients/group for a power of 80% and 
alpha = 0.05. To allow for some drop-out cases, 25 patients per 
group were randomized.

3  | RESULTS

3.1 | Baseline characteristics

Patients were recruited between June 2015 and June 2017. The 
CONSORT flow diagram of patients assessed, allocated, and ana-
lyzed is displayed in Figure 5. During inclusion 75 patients were 
assessed for eligibility and randomized to one of the 3 groups (25 pa-
tients in each group). One patient in the control group was wrongly 
treated according the palatal graft-group (PG-group) protocol. As 
suggested by the CONSORT guidelines this patient was analyzed 
according randomization. No patients were lost over the 8-week 
follow-up. In total, 36 patients were included for treatment in the 
incisor/cuspid area and 39 patients for the premolar area. Baseline 
characteristics are shown in Table 1.

F I G U R E  4   Soft tissue dimensions. HR, horizontal reference line; 
VR, vertical reference line; B, buccal mucosal thickness; P, palatal 
mucosal thickness; H, mucosal height; STL, superimposed soft 
tissues
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3.2 | Graft evaluation and complications

One week after ridge preservation all sites were clinically evalu-
ated. In the group receiving a collagen matrix (CM-group), 10 grafts 
(40%) were judged as integrated, 12 as fibrinoid (48%), 2 as partially 
integrated (8%), and 1 as not integrated (4%). In the group receiv-
ing an autologous graft (PG-group), 13 grafts (52%) were judged as 
integrated, 8 as fibrinoid (32%), 1 as partially integrated (4%), and 
3 as not integrated (12%). The distribution was not statistically dif-
ferent between both groups (p = .496). After eight weeks all sites in 
the CM-group had fully healed, whereas in group PG 2 grafts (8%) 
still showed incomplete healing. One patient in group PG had an al-
lergic skin reaction to chlorhexidine, which cleared spontaneously. 
Another patient in PG-group needed bipolar electrocoagulation of 
the donor area because of prolonged bleeding. Apart from this, no 
complications occurred.

3.3 | Horizontal soft tissue contour changes

The mean change of soft tissue contour measured −1.5 SD 0.6 mm 
in CM-group, −1.3 SD 0.8 mm in PG-group, and −1.7 SD 0.9 mm in 
the control group. There were no statistically significant differences 
between the different groups, F(2, 72) = 1.875, p = .161.

3.4 | Horizontal radiographic changes

The median horizontal radiographic changes at 1, 3, and 5 mm below 
the crest are presented in Table 2. One mm below the crest the mean 
change in the CM-group measured −0.9 SD 0.6 mm, in the PG-group 
−1.0 SD 0.8 mm, and −3.2 SD 2.1 mm in the control group. This difference 

was statistically different between the groups, H(2) = 25.899, p < .001. 
Post hoc analysis revealed that both the difference between the CM 
and the control group (MD 2.3 mm, 95% CI 1.3–3.2, p < .001) as well as 
the difference between the PG- and control group (MD 2.2 mm, 95% 
CI 1.2–3.1, p < .001) were statistically significant.

3.5 | Vertical radiographic changes

The median vertical changes at the buccal and palatal crest are 
presented in Table 3. At the buccal aspect, the mean change in the 
CM-group measured −0.8 SD 0.8 mm, in the PG-group −0.5 SD 
0.8 mm and −2.3 SD 1.8 mm in the control group. The difference 
in change was statistically different between the different groups, 
H(2) = 25.322, p < .001. Post hoc analysis revealed that the differ-
ence between the CM and control (MD 1.5 mm, 95% CI 0.7–2.4, 
p < .001) as well as the difference between the PG and control (MD 
1.8 mm, 95% CI 0.9–2.7, p < .001) were statistically significant.

At the palatal aspect, the mean change in the CM-group was 
−0.5 SD 0.6 mm, in the PG-group −0.3 SD 0.6 mm and −1.6 SD 
1.0 mm in the control group. The difference was statistically differ-
ent between the different groups, H(2) = 28.646, p < .001. Post hoc 
analysis revealed that the difference between the CM- and control 
group (MD 1.0 mm, 95% CI 0.5–1.6, p = .001) as well as the dif-
ference between the PG- and control group (MD 1.3 mm, 95% CI 
0.8–1.8, p < .001) were statistically significant.

3.6 | Soft tissue dimensions at implant placement

The median buccal/palatal/vertical soft tissue dimensions at implant 
placement are shown in Table 4. No significant differences were 

F I G U R E  5   Flow diagram
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found between the three groups for the buccal, palatal, and vertical 
mucosal dimensions at implant placement.

3.7 | Necessity of additional augmentation

Additional GBR was needed in 32% of the sites in CM-group, in 24% 
in PG-group and in 72% in the control group (χ(2) = 13.277, p = .001). 
The difference was significant comparing CM to control (χ(1) = 8.013, 
p = .010) and for PG to control (χ(1) = 11.538, p = .002). The risk dif-
ference was 40% between CM-group and control and 48% between 
PG-group and control.

3.8 | Patient-reported outcomes

Median scores for pain were significantly different between groups 
after extraction H(2) = 6.283, p = .043. The median score for the 

CM-group was 0 (0–1.8), for PG-group 2.0 (0.3–3.8), and for the con-
trol group 1.0 (0–5.5) at one week after extraction. The post hoc 
analysis only revealed a significant difference in median pain scores 
after ridge preservation for the CM-group compared with the PG-
group (p = .042). No significant differences were found for neither 
the impact of the implant surgery nor the experienced swelling 
(Table 5).

3.9 | Subgroup analysis

Only for soft tissue contour changes, the subgroup analysis re-
vealed a different outcome compared to the analysis of the whole 
group. Subgroup analysis showed that for the incisor/cuspid area the 
mean change measured −1.5 SD 0.6 mm in the CM-group, −1.7 SD 
0.6 mm in the PG-group, and −2.3 SD 0.9 mm in the control group. 
This difference was statistically different between the groups, F(2, 
33) = 3.661, p = .037. Post hoc analysis revealed that the mean dif-
ference between the CM and control group (MD 0.8 mm, 95% CI 
0.1–1.5 p = .031) was statistically significant. Subgroup analysis for 
the premolar area was not significantly different between the three 
groups.

4  | DISCUSSION

This randomized controlled clinical study compared two different 
ridge preservation techniques with spontaneous healing when early 
implant placement was performed. Ridge preservation using a par-
ticulated xenogenic bone substitute covered with either a collagen 
matrix (CM) or an autologous palatal connective tissue graft (PG) re-
sulted in less horizontal and vertical bone resorption compared to 
spontaneous healing (control group) 8 weeks after tooth extraction. 
This was in accordance with earlier studies, where ridge preservation 
resulted in less vertical and horizontal resorption 4–6 months after 
tooth removal (Araujo et al., 2015; Jung et al., 2013; Lim et al., 2019).

Although ridge preservation reduced bone resorption in current 
study, there was no significant difference in horizontal soft tissue 
contour changes between both techniques and the control group. In 
the subgroup analysis, there was a statistically significant difference 

TA B L E  1   Baseline characteristics

Group CM PG Control

Number of patients 25 25 25

Age (mean and SD) 49 (16) 50 (13) 44 (12)

Gender (female/male) 13/12 11/14 18/7

Center (EMC/CZE) 17/8 16/9 17/8

Cause of tooth loss 
(fracture/infection/
resorption)

17/6/2 17/8/0 17/6/2

Location of implant (I1, 
I2, C, P1, P2)

8/2/4/4/7 7/6/0/6/8 7/4/0/6/8

Plaque index (0/1/2/3) 23/0/1/0a  23/0/2/0 22/2/1/0

Bleeding index 
(0/1/2/3)

16/7/1/0a  15/7/2/1 17/4/4/0

Gingiva index (0/1/2/3) 22/1/1/0a  18/3/4/0 21/1/3/0

Pocket probing depth 
(mean and SD)

2.5 (0.7) 2.6 (1.1) 2.4 (0.7)

Abbreviations: CM, Collagen Matrix; PG, palatal graft; SD, standard 
deviation; EMC, Erasmus Medical Center; CZE, Catherina Hospital 
Eindhoven.
aOne radix was completely covered by gingiva. 

CM PG Control

p-valuen = 24 n = 25 n = 24

1 mm below crest −1.0 (−0.3; −1.4) −0.8 (−0.6; −1.3) −2.5 (−1.6; −4.7) <.001*

3 mm below crest −0.6 (−0.3; −1.2) −0.6 (−0.1; −0.9) −1.8 (−0.8; −3.1) .001**

5 mm below crest −0.6 (−0.1; −1.0) −0.2 (−0.1; −0.4) −0.9 (−0.3; −1.3) .002***

Note: Median, first, and third quartile of the bone and soft tissue dimensions in mm at implant 
placement; CM, Collagen matrix; PG, Palatal graft.
A Kruskal–Wallis test was used to calculate significance levels (p-values). Pairwise comparisons 
were performed using Dunn's procedure with a Bonferroni correction for multiple comparisons.
*CM-Control p < .001, PG-Control p < .001 **CM-Control p = .001, PG-Control p < .001 
***PG-Control = 0.001. 

TA B L E  2   Horizontal radiographic 
changes
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in the mean change in horizontal soft tissue contour changes be-
tween the CM-group and the control group for the incisor/cuspid 
area. However, this difference was minimal and might not be clini-
cally relevant. This was also reported in earlier studies, where only 
a limited protective effect was seen at the labial ridge contour when 
compared to spontaneous healing. The lack in significant difference 
could also be related to the area of interest selected for the analy-
sis (Schneider et al., 2014; Thalmair et al., 2013). Alginate was the 
impression material used, while an intra-oral scan would be more 
precise. Unfortunately, during the start of the inclusion no intra-oral 
scan was available for this study.

The present study showed no significant difference between the 
three groups for the buccal, palatal, and vertical mucosal dimensions 
at 8 weeks post-extraction. The change in mucosal thickness could 

not be calculated between the two time-points since the baseline 
STL was obtained prior to extraction and the CBCT-scan was per-
formed right after the extraction.

Covering the augmented extraction socket with a collagen 
matrix or an autologous graft might be important to facilitate 
maximal healing of the bone graft when performing ridge preser-
vation (Lim et al., 2019; Thalmair et al., 2013). When compared to 
other studies, the present results showed less integration of the 
palatal graft (Araujo et al., 2015; Jung et al., 2004). This differ-
ence might be explained by the current study scoring the graft as 
a total in contrary to applying a digital planimetry and express-
ing the scores as a percentage of the entire grafted area (Jung 
et al., 2004). Although a higher amount of necrosis was found in 
the PG-group when compared to the CM-group, the differences 

CM PG Control

p-valuen = 24 n = 25 n = 24

Buccal −0.8 (−0.1; −1.1) −0.5 (−0.1; −0.9) −1.9 (−1.4; −3.0) <.001*

Palatal −0.4 (−0.2; −0.8) −0.2 (−0.1; −0.7) −1.3 (−0.8; −2.2) <.001**

Note: Median, first and third quartile of the bone and soft tissue dimensions in mm at implant 
placement; CM, Collagen matrix; PG, Palatal graft.
A Kruskal–Wallis test was used to calculate significance levels (p-values). Pairwise comparisons 
were performed using Dunn's procedure with a Bonferroni correction for multiple comparisons.
*CM-Control p < .001, PG-Control p < .001 **CM-Control p = .001, PG-Control p < .001. 

TA B L E  3   Vertical radiographic changes

CM PG Control

p-valuen = 24 n = 25 n = 25

Buccal mucosa 1.6 (1.3;1.9) 1.3 (0.9;1.8) 1.7 (1.2;3.1) .067

Palatal mucosa 2.5 (1.9;3.2) 3.0 (1.9;3.5) 3.3 (2.8;4.0) .067

Mucosal height 2.5 (2.1;3.0) 2.4 (1.9;2.9) 2.4 (1.8;3.1) .846

Note: Median, first and third quartile of the bone and soft tissue dimensions in mm at implant 
placement; CM, Collagen matrix; PG, Palatal graft. A Kruskal–Wallis test was used to calculate 
significance levels (p-values).

TA B L E  4   Soft tissue dimensions at 
implant placement

Visual Analogue 
Scale

CM PG Control

p-valuen = 24 n = 24 n = 25

Before surgery Expected 
impact of 
surgery

7.0 (3.0; 8.0) 6.0 (3.0; 8.0) 6.0 (2.5; 7.5) .569

Pain 0.5 (0; 4.0) 1.0 (0; 4.0) 0 (0; 5.0) .879

Swelling 0 (0; 2.8) 1.5 (0; 5.0) 0 (0; 5.0) .424

One week after 
removal

Impact of 
removal

4.0 (1.3; 7.0) 3.5 (2.3; 6.0) 3.0 (1.0; 5.0) .555

Pain 0 (0; 1.8) 2.0 (0.3; 3.8) 1.0 (0; 5.5) .043*

Swelling 0 (0; 1.0) 1.5 (0; 2.8) 0 (0; 1.0) .054

Note: Median, first and third quartile of the patient-reported outcomes measured on a visual 
analogue scale from 0 to 10; CM, Collagen matrix; PG, Palatal graft. A Kruskal–Wallis test was used 
to calculate significance levels (p-values).
Pairwise comparisons were performed using Dunn's procedure with a Bonferroni correction for 
multiple comparisons: *CM-PG p = .042.

TA B L E  5   Patient-reported outcome 
measurements
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were not statistically significant. Harvesting a free connective pal-
atal graft can be a painful procedure, where most of the pain is ex-
perienced in the first days postoperatively (Burkhardt et al., 2015; 
Thoma et al., 2012). In the present study, patients in the CM-group 
experienced significantly less pain when compared to the patients 
in group PG. To our knowledge, so far, no other clinical studies 
comparing a palatal graft with a substitute for ARP and evaluat-
ing patient-reported outcomes exist. According to the results from 
this study, a collagen matrix is associated with less morbidity, less 
necrosis, and less change in soft tissue volume in the incisal/cuspid 
area and might therefore be preferred over a palatal graft when 
performing ridge preservation procedures.

Although ridge preservation resulted in less bone loss compared 
with spontaneous healing and the amount of additional GBR needed 
at the time of implant placement was less in the ARP groups, addi-
tional GBR was still needed in a large percentage the ARP patients. 
This is in line with earlier studies describing results ranging from 0%–
45% additional augmentations in ridge preservation groups and 0%–
100% in groups that were left for spontaneous healing (Avila-Ortiz 
et al., 2019; Lim et al., 2020; Mardas et al., 2015; Thoma et al., 2020). 
The augmented DBBM-C is still quite soft at early implant place-
ment and some particles are easily displaced during drilling of the 
osteotomy resulting in the need of additional augmentation (Thoma 
et al., 2017).

As mentioned in earlier studies (Jung et al., 2013; Schneider 
et al., 2014), a power analysis would lead to approximately 240 pa-
tients to achieve a power of 81% to detect a difference measuring 
0.5 mm with a SD of 1 mm. This is practically not feasible and the 
power of the current study was based on the marginal change in soft 
tissue after 1 year of loading. Compared to earlier publications the 
present study was able to include more than double the number of 
patients for each group. Thus, a subgroup analysis was performed to 
evaluate the incisor/cuspid and bicuspid area separately. To prevent 
the associated bias, subgroups analysis was performed for all out-
comes. Additionally, it must be noted that the buccal bone thickness 
and integrity was not calculated and could be of influence. The rel-
evance regarding the clinical and esthetic outcomes of the implants 
12 months after loading will be reported in the 1-year follow-up.

The study was performed using CONSORT and the Cochrane 
Risk of Bias assessment tool to keep bias as low as possible 
(Higgings et al., 2011). Selection bias was prevented by using a 
computer-generated random sequence generation. Allocation was 
concealed in opaque, sealed envelopes. The allocation sequence 
was concealed from the surgeon (JP) until the very last possible 
step in the surgical procedure. Blinding of the outcome assessment 
(detection bias) was ensured as investigators (BJ, AG, NN & JP) 
were not aware of the allocation during the assessments. It must 
be noted that surgeon (JP) might remember the allocated proce-
dure during clinical follow-up. There were no losses to follow-up, 
resulting in a low risk of attrition bias. Risk of reporting bias was 
low because all outcomes originally described in the registered 
protocol are reported.

5  | CONCLUSION

Ridge preservation in the esthetic zone applying a particulated xeno-
genic bone substitute covered with a collagen matrix or an autog-
enous palatal punch results in less bone resorption and less need of 
additional bone augmentation at early implant placement compared 
to spontaneous healing.
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