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Abstract
Background. Improvement in implant design has made implant dentistry a challenging treatment mo-
dality worldwide.

Objectives. This study aimed to investigate the efficacy of  a  xenogeneic collagen matrix in managing 
3–4-millimeter gaps in flapless immediate implant placement. 

Material and methods. Twenty-two patients received 39 immediate implants via the flapless ap-
proach. Patients with intact bony walls, buccal bone thickness ≥2 mm and a jumping distance of 3–4 mm 
were included in this study. The gap between the implant and the socket walls was filled with a xeno-
geneic collagen matrix (Collacone®). The final clinical and radiographic evaluations were performed at least 
24 months following functional loading.

Results. There was no early or late failure, and the implants showed a  100% survival rate. The mean 
mesial (0.28 ±0.39 mm) and distal (0.28 ±0.39 mm) marginal bone loss (MBL) at the site of  incisors 
was not significantly different from the values at the site of premolars and molars (0.30 ±0.42 mm and 
0.34 ±0.48 mm, respectively). The evaluation of the implant success index (ISI) score revealed no differ-
ence between the mandible and the maxilla (p = 0.700), or incisors compared with premolars and molars 
(p = 0.420). The only significant difference was in terms of distal MBL, which was higher in the maxilla 
(0.39 ±0.49 mm) than in the mandible (0.12 ±0.23 mm) (p = 0.040).

Conclusions. Within the limitations of this study, it seems that the application of a xenogeneic collagen 
matrix to manage 3–4-millimeter gaps in carefully selected cases may bring promising outcomes.
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Introduction
The use of  dental implants to replace the missing teeth 

was a great scientific breakthrough in the field of dentistry. 
Implant dentistry has evolved considerably, as the original 
protocol was modified to adopt one-stage surgery1 and im-
mediate implant placement protocols.2 Although there have 
been some reports of  peri-implantitis and implant failure, 
immediate dental implants can offer a success/survival rate 
comparable to implants placed with early and delayed pro-
tocols, as long as the existing guidelines are strictly followed.3

It has been well documented that implant placement 
in a fresh extraction socket does not counteract bone re-
modeling. Therefore, both vertical and horizontal dimen-
sional changes may be expected.4 Several factors affect 
the outcome of immediate implantation, such as the flap 
or flapless approach,5 the thickness of  the buccal bone,6 
the gingival biotype, the timing of restoration placement,7 
the distance from the implant platform to the crestal 
bone, implant surface topography, and the size of the gap 
between the implant and the alveolar socket walls.6,8

The distance between the socket walls and the implant 
surface may justify augmentation to predictably achieve 
bone–implant contact (BIC) and to prevent soft tissue col-
lapse.9 However, there has been controversy in the literature 
in this regard. Some preclinical and clinical studies have docu-
mented the regeneration of  horizontal gaps smaller than 
2 mm in the presence of a stable blood clot.10,11 More recent 
studies have shown that gaps of more than 2 mm have a ten-
dency to fill better, even without grafting material.8 A previ-
ous study compared flap and flapless surgery for immedi-
ate implantation, and concluded that the flapless approach 
allowed for minimal surgical intervention with comparable 
bony changes and gap filling after a 6-month follow-up in 
areas with sufficient buccal bone support.12

Bone formation in jumping distances of various sizes re-
mains a controversial topic. Moreover, there have been few 
investigations on the secondary healing of the implant–buccal 
bone interface, and the current evidence referring to post-
extraction alveolar bone alterations in regard to the thickness 
of the buccal plate remains unclear. However, some studies 
have shown that the thickness of  the buccal plate and the 
size of the jumping distance play critical roles in the filling 
of the gap.6 This study assessed the clinical and radiographic 
outcomes of immediate implant placement with the use of 
a xenogeneic collagen matrix to fill the jumping distance in 
cases with a thick buccal plate (≥2 mm).

Material and methods
This study was conducted from September 2016 to 

February 2020 at the Department of Periodontics, Shahid 
Beheshti University of  Medical Sciences, Tehran, Iran, 
in accordance with the Declaration of  Helsinki for hu-
man studies. It was approved by the Ethics Committee 

of  Shahid Beheshti University of  Medical Sciences 
(IR.SBMU.DRC.REC.1398.164), and written informed con-
sent was obtained from all patients prior to their enrollment.

Study population 

Twenty-two patients (11 males and 11 females) were in-
cluded in this study. The inclusion criteria were as follows: 
patients between 20 and 40 years of age; having a hopeless 
tooth indicated for extraction (due to an unrestorable fracture 
or a carious lesion) with no active infection at the surgical site; 
at least a 4-millimeter distance between the tooth apex and the 
maxillary sinus floor; the absence of gingival inflammation; 
achieving adequate primary stability following immediate 
implant placement; buccal bone thickness ≥2 mm, measured 
using the NNT software (NewTom Company, Imola, Italy); 
intact socket walls following the extraction; gingival thickness 
≥1.5 mm, measured using a periodontal probe; presenting for 
a visit after at least 24 months of functional loading; O’Leary’s 
plaque index ≤20%; and class I dental socket based on a cone-
beam computed tomography (CBCT) scan.13 The exclusion 
criteria were as follows: poor oral hygiene or the lack of regu-
lar maintenance; compromised immune system, systemic 
diseases or an intake of medications; the use of orthodontic 
appliances; the presence of  parafunctional habits (bruxism 
or clenching); external root resorption; a  jumping distance 
>4 mm, measured using a periodontal probe; smoking; and 
anatomical limitations.

Study overview and interventions 

All patients received phase I periodontal therapy and their 
hard tissue condition was evaluated preoperatively with 
CBCT. The patients rinsed their mouths with 0.2% chlorhexi-
dine for 1 min right before local anesthesia administration 
(20 mg/mL lidocaine with 1:80,000 epinephrine). All steps 
were performed conservatively by an experienced periodon-
tist (M.K.), with no soft tissue manipulation, using the flap-
less approach. Following tooth extraction, the socket walls 
were examined with a periodontal probe, and in case of fene-
stration or dehiscence, the patient was excluded from the 
study. The sockets were cleaned using a curette and rinsed 
with saline. Drilling was performed based on the manufac-
turer’s instructions with palatal orientation and 2–3 mm api-
cal to the extraction socket, according to the selected implant 
system: SPI® (Thommen Medical, Grenchen, Switzerland); 
SIC® (SIC invent, Basel, Switzerland); 3i (Zimmer Biomet, 
Warsaw, USA); BioHorizons (BioHorizons Implant Systems, 
Birmingham, USA); Euroteknika (Euroteknika, Sallanches, 
France); or Intra-Lock® (Intra-Lock International, Boca 
Raton, USA)  (Table 1). Implants of different root forms were 
selected based on the implant site and bone condition. The 
implants were inserted 1 mm apical to the alveolar crest at 
30–35 N/cm. A  xenogeneic collagen matrix (Collacone®; 
Botiss Biomaterials, Zossen, Germany) was then applied into 
the jumping distance (Fig. 1). No sutures or other materials 



Dent Med Probl. 2021;58(2):173–178 175

were applied to close the socket or to cover it. The healing 
abutment was screwed into all implants so that it was 2 mm 
coronal to the gingival margin. None of the implants were 
immediately restored.

The patients and their companions were provided with 
postoperative instructions, which included rinsing with 
a chlorhexidine mouthwash 3 times a day, 400 mg ibuprofen 
every 6 h, and 500 mg amoxicillin every 8 h for 1 week or 
an alternative in case of being allergic to penicillin. The pa-
tients were followed up weekly in the 1st month and monthly 
during the next 3 months. All final restorations were provided 
by the same prosthodontist and dental laboratory (after 
3 months in the mandible and after 4 months in the maxilla).

The recall program was scheduled at 6-month intervals.14 
After at least 24 months of functional loading, the patients 
were recalled for clinical and radiographic examinations 
(Fig. 2). Periapical radiographs (the parallel technique) were 

obtained to assess the implants, the restorations and the sur-
rounding tissues. Marginal bone loss (MBL) was measured 
relative to the implant shoulder with the use of digital soft-
ware (Scanora™; KaVo, Biberach, Germany) and the probing 
depth (PD) was measured using a plastic periodontal probe. 
Next, the pink esthetic score (PES) was determined for all 
implants.15 Clinical measurements were made at 4 points 
around each implant by an expert periodontist (M.K.) with 
an intra-rater agreement of 0.93 based on the intraclass corre-
lation coefficient (ICC). Oral hygiene instructions were regu-
larly reinforced at each session and professional cleaning was 
performed as required. All implants were evaluated based on 
the implant success index (ISI) proposed by Kadkhodazadeh 
and Amid (Table 2).16

Fig. 1. Atraumatic tooth extraction performed without flap reflection and 
the application of a xenogeneic collagen matrix (Collacone®) into the gap 
between the socket wall and the implant surface following implant insertion

Table 1. Patient information, implant data and the implant success index 
(ISI) scores

Characteristic Description

Patient gender (N = 22)
female (n = 11) 
male (n = 11)

Implant system (N = 39)

SPI (n = 13) 
SIC (n = 2) 
3i (n = 3) 

BioHorizons (n = 2) 
Euroteknika (n = 8) 
Intra-Lock (n = 11)

Implant location (N = 39)

maxillary incisors (n = 7) 
maxillary premolars (n = 18) 

maxillary molars (n = 6) 
mandibular premolars (n = 5) 

mandibular molars (n = 3)

Implant parameters
diameter: 3.3–5 mm 

length: 8–14 mm

ISI score (N = 39)
I (n = 22) 
II (n = 17)

The implant success index (ISI) according to Kadkhodazadeh M, Amid R. 
Evaluation of peri-implant tissue health using a scoring system.  
JIACD. 2012;4(1):51–57 (cf. Table 2).

Fig. 2. Immediate implant placement with the use of a xenogeneic collagen 
matrix; 2-year clinical and radiographic follow-up demonstrates a well-shaped 
soft tissue contour and a stable marginal bone level 

Table 2. Implant success index (ISI)

Score SL HL Clinical findings

ISI I SL+, PPD ≤ 4 mm, BOP− HL+ clinically healthy

ISI II SL+, PPD ≤ 4 mm, BOP+ HL+ soft tissue inflammation

ISI III SL+, PPD > 4 mm, BOP+ HL+ deep soft tissue pocket

ISI IV SL+ HL−, RBL ≤ 2 mm (≤20%) initiation of hard tissue breakdown

ISI V SL− HL−, RBL ≤ 2 mm (≤20%) hard tissue breakdown and soft tissue recession

ISI VI SL+ HL−, RBL: 2–4 mm (<40%) notable hard tissue breakdown

ISI VII SL− HL−, RBL: 2–4 mm (<40%) notable hard tissue breakdown and soft tissue recession

ISI VIII – RBL ≥ 40% severe bone loss

ISI IX – clinical mobility clinical failure

SL – soft tissue level; HL – hard tissue level; PPD – probing pocket depth; BOP – bleeding on probing; RBL – radiographic bone loss detected via 
the long cone paralleling peri-apical technique; + tissue level located at or coronal to the reference line; − tissue level located apical to the reference line; 
if the peri-apical area of implants has a bone loss/radiolucent view (retrograde peri-implantitis), it is identified by placing the letter R (e.g., ISI IR, etc.).
The Table is adapted from: Kadkhodazadeh M, Amid R. Evaluation of peri-implant tissue health using a scoring system. JIACD. 2012;4(1):51–57.
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Statistical analyses 

Data analyses were conducted using IBM SPSS Statistics 
for Windows, v. 22 (IBM Corp., Armonk, USA). The ISI 
scores were compared using the χ2 test. The indepen-
dent t tests were used to analyze the mean PD, MBL and 
PES values. A p-value <0.05 was considered statistically 
significant with a 95% confidence interval (CI).

Results
All the included patients were followed up for a period 

of  24–72 months. During the study period, all surgical 
sites healed uneventfully with no signs of gingival inflam-
mation, infection or esthetic complications.

Table 3 presents PD, radiographic MBL as well as PES 
with regard to implant location. The PD and MBL scores 
at the site of incisors were compared with the correspond-
ing values at the site of premolars and molars. The mean 
buccal PD was 2.29 ±0.49 mm at the site of incisors, and 
2.25 ±0.44  mm at the site of  premolars and molars. No 
significant difference was observed between the 2 groups 
(p = 0.850). The mean lingual PD at the site of  incisors 
(2.14 ±0.38  mm) was not significantly different from 
the value measured at the site of  premolars and molars 
(2.21 ±0.55 mm) (p = 0.860). The mean PD was not signifi-
cantly different in the maxilla and the mandible (p = 0.850 
for buccal PD and p = 0.890 for lingual PD).

Marginal bone loss was also evaluated at different 
implant locations and for both jaws. The mean mesial 
MBL was 0.28 ±0.39  mm at the site of  incisors, and 
0.30  ±0.42  mm at the site of  premolars and molars, 

which showed no significant difference (p = 0.950). There 
was no significant difference in the mean distal MBL at 
the site of  incisors (0.28 ±0.39 mm) in comparison with 
premolars and molars (0.34 ±0.48 mm) (p = 0.770). The 
mesial MBL was not significantly different in the maxilla 
and the mandible (p = 0.070); however, there was a signifi-
cant difference in the distal MBL (p = 0.040), which was 
0.39 ±0.49 mm in the maxilla and 0.12 ±0.23 mm in the 
mandible. The PES was also determined for each implant, 
and it showed no significant difference at different sites 
(p = 0.150) or jaws (p = 0.540).

The results of  the ISI score evaluation revealed that 
there was no significant difference between the mandible 
and the maxilla (p = 0.700), and incisors compared with 
premolars and molars (p = 0.420).

Discussion
Although fewer surgical procedures, optimal cost-

effectiveness and a shorter treatment time have made im-
mediate implantation a  desirable option, the inability to 
predict soft and hard tissue levels, difficulty in achieving 
primary stability, and the presence of the jumping distance 
intervening with direct BIC may jeopardize a  favorable 
outcome.17 Different biomaterials, including autogenous, 
allogenic and xenogeneic grafts, have been proposed in the 
literature to successfully fill the jumping distance.18–20 How-
ever, there is concern that the residual particles may inter-
fere with efficient BIC. In the present study, the aim was to 
find an alternative to biomaterials for 3–4-millimeter gaps; 
for this purpose, a  xenogeneic collagen matrix was used 
to preserve the blood clot and prevent soft tissue collapse 

Table 3. Probing depth (PD), marginal bone loss (MBL) and the pink esthetic score (PES) at different implant locations after at least 24 months of functional loading

Dependent variable

Implant location

incisors 
(n = 7)

premolars 
(n = 23)

molars 
(n = 9)

maxilla 
(n = 31)

mandible 
(n = 8)

PD buccal 
[mm]

2.29 ±0.49 2.21 ±0.42 2.33 ±0.50 2.26 ±0.44 2.25 ±0.57

p-value 0.850 0.850

PD lingual/platal 
[mm]

2.14 ±0.38 2.26 ±0.54 2.11 ±0.60 2.26 ±0.57 2.20 ±0.00

p-value 0.860 0.890

MBL mesial 
[mm]

0.28 ±0.39 0.23 ±0.33 0.44 ±0.58 0.33 ±0.43 0.12 ±0.23

p-value 0.950 0.070

MBL distal 
[mm]

0.28 ±0.39 0.28 ±0.42 0.50 ±0.61 0.39 ±0.49 0.12 ±0.23

p-value 0.770 0.040*

PES 9.86 ±0.38 9.52 ±0.59 9.78 ±0.44 9.68 ±0.47 9.50 ±0.76
p-value 0.150 0.540

* statistically significant.
Data presented as mean (M) ± standard deviation (SD).
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(although slightly). Collacone is a moldable xenogeneic col-
lagen matrix designed to support the natural healing of ex-
traction sockets. Its application supports the stabilization 
of  the formed blood clot, helps to control bleeding, and 
protects the wound area from food residue and bacteria. 
Collacone resorbs completely in about 2–4 weeks with no 
remnants; thus, it does not seem to interfere with BIC.

After at least 24 months of functional loading, all im-
plants were osseointegrated with minimal bone loss. As 
all restorations were cement-retained, the measurements 
were conducted with the presence of the restorations. The 
PD scores were within the normal range and were similar 
to those reported in other studies in which implants were 
placed immediately or delayed.21

Marginal bone loss is among the most significant vari-
ables, as it may predispose implants to peri-implantitis 
and result in implant failure.22 Since immediate im-
plants are often placed apical to the alveolar crest, some 
researchers have reported that they may compromise 
accurate bone level measurements. As previously em-
phasized, the available supporting bone is an  important 
parameter to consider.23 In this study, bone loss relative 
to the implant shoulder was ≤1 mm (the mesial MBL was 
0.28 ±0.39 mm at the site of incisors, and 0.30 ±0.42 mm 
at the site of premolars and molars, while the distal MBL 
was 0.28 ±0.39 mm at the site of incisors compared with 
0.34  ±0.48  mm at the site of  premolars and molars). 
Although there was a difference in terms of distal MBL 
between the maxilla and the mandible, it did not seem to be 
clinically significant. In addition, the high standard devia-
tion (SD) values mean that the numbers are more spread 
out. Therefore, further studies with larger sample sizes 
are advocated to avoid errors from the testing of possi-
bly atypical samples. More importantly, most previous 
studies, as well as the present one, which examined MBL 
with the use of the parallel radiographic technique evalu-
ated only the mesial and distal surfaces; however, signifi-
cant changes may also occur at the buccal surface in the 
long term, which may adversely affect the esthetic out-
come.22 Nevertheless, considering our strict inclusion cri-
teria (buccal bone thickness ≥2 mm), we concluded that 
there was no need to evaluate the buccal bone by means 
of three-dimensional (3D) radiography during follow-up 
visits. Furthermore, we included teeth with a  thick gin-
gival biotype, which has been shown to improve soft and 
hard tissue stability in immediate implantation.24

Soft tissue considerations, specifically midfacial reces-
sion, is another important issue regarding immediate im-
plant placement.17 Peri-implant soft tissue management 
can influence implant success and prevent peri-implantitis. 
It  has been documented that adequately keratinized 
gingiva around implants is especially important in the 
esthetic zone to provide a more natural soft tissue drape. 
In the case of adopting the non-submerged protocol, the 
use of  xenogeneic collagen materials such as Collacone 
may resolve the concern.

Socket closure and soft tissue management are 
among other controversial topics in immediate im-
plant placement. Attempts to stabilize the peri-implant 
tissue after tooth extraction and immediate implant 
placement include a  variety of  wound closure tech-
niques that use different types of  flaps. Tarnow et al. 
evaluated changes in the facial and palatal ridges dur-
ing flapless immediate implant placement and showed 
less bone resorption with the use of bone graft mate-
rial along with a provisional restoration,25 even though 
a recent study showed that the placement of an imme-
diate provisional restoration would not significantly 
improve the esthetics.7

The absence of  infection at the site of  immediate im-
plant placement is another critical factor that affects 
long-term success and prevents postoperative compli-
cations.26 Some studies have reported retrograde peri-
implantitis following immediate implant placement in the 
extraction sockets of teeth with periapical lesions.27 How-
ever, meticulous socket debridement may decrease the 
risk of retrograde peri-implantitis. Furthermore, the type 
of dental socket, and the proper selection of the diameter 
and length of the implant are of paramount importance in 
implant stability.28

Another noteworthy issue is that proper oral hygiene 
and regular recall visits maintain the treatment results 
and prevent adverse consequences. Therefore, this study 
included patients with adequate plaque control, who fol-
lowed a strict oral hygiene routine and attended follow-up 
assessments.29

The favorable results of the current study might be par-
tially related to the applied flapless technique for immedi-
ate implant placement. However, the available evidence in 
the literature is not yet conclusive regarding the superior-
ity of performing immediate implant placement in a flap-
less manner.5

The thickness of  the buccal plate and the size of  the 
gap have been shown to be the most influential factors 
in gap filling.8 In a randomized clinical trial, it was shown 
that the thickness of  the buccal plate was the most de-
terminant factor in the resorption of  the alveolar bone 
following extraction30; hence, randomized clinical trials 
are needed to compare the method applied in the pre sent 
study with spontaneous healing in cases with a buccal 
bone thickness of more than 2 mm. Also, the effect of fill-
ing the gap in sockets with thinner buccal plates needs 
further investigation.

Limitations 

As with any investigation, the present study has a num-
ber of  limitations. The analyzed radiographs were not 
standardized, which potentially might have led to mea-
surement errors. However, the calibration of radiographs 
by using known implant dimensions minimized this limi-
tation.
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Conclusions
Implant success/failure is the most frequently reported 

outcome measure in the literature; however, it is more fa-
vorable to evaluate and compare peri-implant health and 
disease condition, as discussed in the proposed ISI.16 Our 
results showed a 100% success rate, healthy surrounding 
tissues and minimal bone level alterations for immediate 
implants placed in sockets with buccal plates ≥2 mm. 
Despite the limitations of this study, it seems that the ap-
plication of  a  xenogeneic collagen matrix without bone 
grafting particles may provide promising outcomes in 
the management of 3–4-millimeter jumping distances in 
carefully selected cases.
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