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Abstract: After tooth extraction, notable ridge alterations occur due to resorption of bundle bones
during the healing process. In areas with thin or damaged socket walls and multiple adjacent tooth
extraction, dimensional changes are more prominent in the marginal proportion. In addition to the
marginal changes, upper molar teeth are also vulnerable to pneumatization of the maxillary sinus.
To reduce dimensional changes in extraction sockets, alveolar ridge preservation (ARP) is favored by
many clinicians in areas where a large amount of dimensional change is expected. This case report
presents two cases of ARP using collagenated demineralized bovine bone mineral and demineralized
porcine bone mineral in the apically involved upper premolar and molar, respectively. Implants were
placed one and two years, respectively, after the ARP. Radiographic analyses of residual bone height
and volume were measured using cone-beam-computed tomography (CBCT) and histologic analysis
of newly formed mineralized bone and residual graft material percentages were measured from
the collected tissue samples using a trephine bur. Implants were placed using a simple technique,
without any additional bone grafts at the marginal proportion. The ARP technique could maintain
the alveolar bone height and volume, as well as minimize the invasiveness of surgical procedures
during implant surgery.

Keywords: alveolar ridge preservation; bone grafting; extraction socket; dental materials; oral
surgery; implantology; histology

1. Introduction

It has been demonstrated that physiologic changes after tooth extraction are in-
evitable [1,2]. In areas with thin bundle bone or a damaged socket, significant reductions
in facial-lingual width and vertical height could be observed [3,4]. To compensate for
these post-extraction alterations, alveolar ridge preservation (ARP) has been advocated
by many clinicians based upon the rationale that this therapeutic option could reduce
the dimensional changes in the ridge after tooth extractions [5,6]. Accompanied by the
slow degradation property of the bone substitutes, ARP can maintain both horizontal and
vertical dimensions of an extraction socket and ultimately minimize any additional bone
grafts when placing an implant [7,8].

Maxillary sinus pneumatization is a physiological process that increases the volume
of paranasal sinuses. Pneumatization is especially vulnerable in the posterior maxillary
region after a tooth extraction, which could lead to vertical ridge deficiency for implant
placement [9,10]. A recent randomized clinical study had revealed that ARP in the pos-
terior maxilla could maintain the vertical bone height and possibly reduce the need for
a subsequent sinus augmentation during implant placement in the posterior region [11].
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Moreover, a recent retrospective study also reported that the surgical invasiveness of sinus
augmentation can be simplified in ARP sites [12].

Previous studies suggest placing implants three to six months after ARP [13–15], and
based on this evidence, most of the previous studies have evaluated histological data
of ARP sites in this short term (3–6 months) [14]. Apart from the appropriate time for
implant placement after ARP, it is important for the clinicians to observe and understand
the characteristics of bone remodeling of ARP sites, since they will reside intra-orally for
much longer periods of time as peri-implant tissues and due to the cumulative long-term
survival rates (≥9 years) of implants placed on an ARP site exceeding 95% [12]. Therefore,
this clinical report presents two cases of radiographical and histological evaluations of ARP
sites one to two years post-operation.

2. Materials and Methods

Both patients provided an informed consent prior to surgical treatment. The clinicians
followed treatment procedures corresponding to the Declaration of Helsinki. Ethical ap-
proval for this study was obtained from the Institutional Review Board of Yonsei University
Dental Hospital (approval no. 2021-0094).

2.1. Case I

A 57-year-old male patient visited the clinic with a chief complaint of tooth mobility
and pain on the upper-right second premolar. The patient was systemically healthy.
Thorough clinical and radiographical examination revealed full periodontal pocket depth
(PPD) on the palatal aspect, with normal PPD on the buccal aspect, easy bleeding on
probing (BoP), severe tooth mobility and apically involved intrabony defect with slight
palatal marginal bone loss around the tooth (Figure 1e). The tooth had been diagnosed as
Stage II, Grade B periodontitis [16] and the post-extraction socket configuration had been
classified as subgroup E according to Koo et al. study’s classification of extraction socket
defect [17]. During the next appointment, tooth extraction proceeded using a pre-molar
extraction forcep without flap elevation (Figure 1a). After a thorough debridement, 0.25 g
of collagenated deproteinized bovine bone mineral (collagenated DBBM; Bio-oss collagen®,
Geistlich Pharma AG, Wolhusen, Switzerland) was immediately grafted on the extraction
socket and a resorbable collagen sponge (Teruplug, Olympus Terumo Biomaterials Corp.,
Tokyo, Japan) was adapted on top of the grafted site. The socket was sutured with 4-0
absorbable monofilament (Monosyn®, B. Braun, Melsungen, Germany). After the ARP
procedure, a peri-apical radiograph was taken (Figure 1g). The patient was prescribed 250
mg of amoxicillin (Kymoxin, Yuhan pharmaceutical, Seoul, Korea), 200 mg of ibuprofen
(Carol-F, Ildong pharmaceutical, Seoul, Korea), and 100 mg of rebamipide (Mucosta, Korea
Otsuka Pharmaceutical, Seoul, Korea), three times a day, for three days post-operative.
Sutures were removed one week after the operation. For miscellaneous reasons, the patient
failed to attend regular periodic follow-up schedules and revisited the clinic one-year
post extraction for an implant surgery on the operation site. Cone-beam CT (CBCT) was
taken for evaluation, and implant planning was proceeded using computer software
(OnDemand3D, Cybermed, Seoul, Korea).

During the operation, flaps were elevated after crestal and sulcular incision and the
healing status of the surgical site was evaluated. Prior to implantation, a trephine (Ø3.0
Trephine kit, Dentium, Suwon, Korea) with an inner diameter of 2.3 mm was drilled
in the centermost area of the implant placement site to obtain the previously grafted
bone tissue (6 mm depth). A 4.5 × 10 mm SLA-surfaced implant (TS III, Osstem, Seoul,
Korea) was placed with an insertion torque of 50 N/cm (Figure 1c) [18,19]. Additional
therapy was not performed, and a healing abutment (5.0 × 4.0 mm, Osstem) was then
connected to the fixture. Mesial and distal gingiva was sutured and the same previous
medications (amoxicillin, ibuprofen and rebamipide) were prescribed for five days post-
operation. Sutures were removed seven days post-operation and the patient attended the
clinic monthly for regular follow-up. The implant stability was confirmed by Periotest
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values (Periotest®, Dentisystem, Budapest, Hungary) [20,21] three months post-operation,
and the implant prosthesis was delivered. After a prothesis delivery, the patient underwent
a regular periodic follow-up program for any possible post-op complications.
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2.2. Case II

A 67-year-old female patient visited the clinic with a chief complaint of toothache and
tooth mobility on her upper-right second molar. After a thorough clinical and radiographi-
cal examination, the tooth presented with hypermobility, easy BoP and 9 mm of PPD on
the mid- and mesio-palatal aspect, with 4–5 mm PPD on the other areas of the tooth. In the
peri-apical radiograph, an intrabony defect was extended to the apical side of the tooth.
The tooth had been diagnosed as Stage II, Grade B periodontitis [16] and the post-extraction
socket configuration was classified as subgroup F (Figure 2e) [17]. The patient was sched-
uled for an extraction on the next appointment. After the tooth extraction, an exposure to
the sinus cavity was observed at the apex of the socket with no sign of sinus membrane
perforation. To minimize the pneumatization and to maintain the vertical bone height,
ARP proceeded on the extraction site with 0.5 g of deproteinized porcine bone mineral
(DPBM; TheGraft®, Purgo, Seoul, Korea). Considering that the sinus cavity connected with
the socket apex, the xenogeneic bone minerals were gently grafted. An acellular dermal
matrix (Surederm®, Hans Biomed, Seoul, Korea) was then applied over the graft material
(Figure 2a). A crisscross suture, with 4-0 absorbable monofilament (Monosyn®, Melsungen,
Germany), was applied over the extraction socket to stabilize the grafted materials. The
extraction site was covered by a periodontal pack (Coe-pakTM, GC Korea, Seoul, Korea) to
prevent any foreign materials from entering the socket. The patient was prescribed 250 mg
of amoxicillin (Kymoxin, Yuhan pharmaceutical), 200 mg of ibuprofen (Carol-F, Ildong
pharmaceutical), and 100 mg of rebamipide (Mucosta, Korea Otsuka Pharmaceutical) three
times a day, for three days post-operation. Sutures were removed 10 days after the oper-
ation. The patient was scheduled for a periodic recall appointment and planned for an
implantation six -months post-operation. For miscellaneous reasons, the patient failed to
attend the recall appointment and came back for an implantation two year post-operation.
A CBCT was taken for an evaluation and implant planning (Figure 3c,d).

During the implant planning, from 6 to 7 mm of alveolar bone height was observed
on the surgical site and crestal-approached sinus floor elevation was planned during
implantation. On the day of the surgery, the same size trephine bur (Ø3.0, Dentium) was
drilled in the centermost area of the implant placement site (6 mm depth of the grafted
bone tissue) before the flap elevation. Flaps were then raised, and the implantation site
was expanded with a 4.0 mm diameter drill. The sinus membrane was elevated using an
osteotome and the implantation site was expanded to 4.3 mm diameter. A deproteinized
bovine bone mineral (DBBM; Bio-oss®, Geistlich Pharma AG, Wolhusen, Switzerland)
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was added to the sinus cavity during the crestal-approached sinus floor elevation and
5.0 × 8.0 mm SLA-surfaced implant (Superline III, Dentium) was placed with an insertion
torque of 40 N/cm. A healing abutment of 5.5 × 4.0 mm (Dentium) was then connected
to the implant. Mesial and distal ends of the gingiva was sutured with 4-0 absorbable
monofilament (Monosyn®) and the same previous medications (amoxicillin, ibuprofen
and rebamipide) were prescribed for five days post-operation. Sutures were removed
10 days post-operation. The patient attended the clinic monthly for regular follow-up visits,
and the implant stability was confirmed by Periotest values (Periotest®) at three months
post-operation. An implant prosthesis was then delivered, and the patient followed the
regular recall program.
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Figure 3. CBCT images of Case I (a) lateral view, (b) cross-sectional view taken one year after alveolar
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2.3. Histological Preparation and Histomorphometrical Analysis

After collecting the grafted site samples, they were immediately placed into a solution
of 10 % formalin and were fixed for two weeks. The collected bone samples were then
decalcified using 10% EDTA (Chelator CalTM, National diagnostics, Atlanta, GA, USA).
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The decalcified samples underwent a dehydration process using ethanol. The samples
were embedded in paraffin and the central area was sectioned at 3 µm thickness using an
Automated Rotary Microtome (Leica RM 2255, Leica Biosystems, Nussloch, Germany). The
specimens were then stained with Hematoxylin-Eosin (H&E) and Masson trichrome (MT)
(Figures 4 and 5).
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Digital images of the histological slides were captured using a digital camera (Panoramic
250 Flash III, 3D Histech, Budapest, Hungary) and an associated software (Case Viewer
2.0, 3D Histech). The proportion of newly formed bone (NFB), and residual graft material
(RGM), were calculated at the apical third (2 mm) of the MT specimen (Figure 5a,b) using a
computer software (Photoshop CS6; Adobe). NFB was measured based on morphologic
features of mineralized tissues and the presence of osteocytes within the mineralized tis-
sue. RGM was distinguished by mineralized tissues with lamellar structure and lacunae
without osteocytes.

In MT staining, the percentages of NFB and RGM in the apical third (2 × 2 mm) of the
specimens were evaluated (Figure 5a,b) to eliminate the factors that could influence the
results, such as soft tissue ingrowth at the coronal part of the samples and the voids made
during the process of bone sample acquisition and histological slide production.

3. Results
3.1. Clinical and Radiographical Evaluation

There were no signs of negative healing patterns on the surgical sites from the two
patients between the ARP and suture removals. During the implant surgery, the clinicians
had evaluated the bone quality after flap elevation. Both grated sites had firm tactile
sensitivity on the alveolar bone crest, and a high insertion torque of 40 to 50 N/cm was
achieved during the fixture installation, indicating that the implants were placed in a
normal to hard bone area with reliable primary stability [18,19,22].

From the lateral view of the CBCT radiographs (Figure 3a,c), alveolar bone heights
of the two grafted sites are comparative to the adjacent teeth, and the cross-sectional
view shows an edentulous bone type A [23]. During an implant planning using CBCT
radiographs, from 10 to 12 mm of alveolar bone height was measured in Case I, with a
sufficient horizontal alveolar bone width of from 7 to 8 mm. The grated site preserved
the shape of the alveolar ridge from the CBCT image (Figure 3a,b) and the implant fixture
installation proceeded with no additional procedure.

An alveolar bone height of 6 to 7 mm was observed during an implant planning in Case
II with a sufficient horizontal alveolar bone width of from 8 to 9 mm. The grafted site also
preserved the shape and height of the alveolar ridge and prevented sinus pneumatization
(Figure 3c,d).

3.2. Histomorphological Evaluation

In H&E staining, the osteocytes were observed in the areas of NFB in both speci-
mens. The NFB was formed around the xenogeneic bone minerals and the fibrovascular
tissues, which consisted of connective tissues and vessels, and filled the unmineralized
area (Figure 4a,b). There were no conspicuous signs of abnormal healings or inflammation.
Both samples show higher compaction of NFB and RGM towards the apical area and that
the NFB is observed up to the most coronal area of the histological slides.

In MT staining, DBBM particles in the premolar sample (Figure 5a) present more
densely suffused NFB between RGM compared to the larger-sized DPBM particles in the
molar sample (Figure 5b). Moreover, NFB tightly fills the spaces between RGM in the
premolar sample, whereas higher soft tissue ingrowth between RGM is observed in the
molar sample. The percentages of NFB and RGM were 25.3% and 29.0%, respectively,
in the first patient; the corresponding percentages in the second patient were 23.3% and
17.5%, respectively.

4. Discussion

This case report analyzed radiographical and histological data of two ARP sites
from one to two years post-operation. The first case was diagnosed as Stage II, Grade B
periodontitis on the upper-right second premolar while the second case was diagnosed
as Stage II, Grade B periodontitis on the upper-right second molar. Both patients had
severe alveolar bone resorption extended to the apical aspect and ARP proceeded using
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xenogeneic graft materials to reduce the dimensional alterations of the alveolar ridge after
tooth extraction. The radiographical analysis using CBCT, taking place from one to two
years after ARP, presented that the alveolar bone heights remained comparable to the
adjacent area and the volume was sufficiently maintained to place an implant without
additional horizontal augmentation. Moreover, the high insertion torque achieved in the
grafted sites not only provided a reliable primary stability, but also indicated higher initial
bone-to-implant contact and ultimately achieved a predictable treatment outcome [18,24].

Previous studies suggested that an intact extraction socket wall may promote hard tis-
sue formation and better outcome for the grafting biomaterials after tooth extraction [8,25].
Despite the large apical bone defect that appeared on the two presented cases, all of the
socket walls at the coronal part were intact. However, due to inflammatory bone resorption,
only the thin layers of the facial walls remained. It is known that facial walls present a
more pronounced reduction after tooth extraction compared to lingual/palatal walls. This
is because they are comprised mainly of bundle bones [1,3] and that facial wall thicknesses
of less than 2 mm are prone to greater amount of bone loss [26]. Although the thickness of
the facial walls was less than 2 mm in both cases, lateral and cross-sectional radiographic
images of CBCT exhibited that the alveolar bone heights were comparable to the adjacent
area and were maintained one to two years after ARP (Figure 3). With these findings,
the authors agree that the biomaterials successfully preserved the socket dimension for a
longer period of time.

Histomorphological analysis of the bone samples shows slightly higher NFB (23.5–25.3%)
and RGM (17.5–29.0%) percentages compared to a previous clinical study, which evaluated
an extraction socket graft that was collected 4 months after the surgery [17]. In this previous
study, the mean percentages of NFB and RGM in the DBBM group were 15.1% and 12.7%,
respectively. In the DPBM group, the mean percentages of NFB and RGM were 18.5%
and 12.2%, respectively. However, a careful interpretation of the data is demanded since
the percentages of the previous study analyzed the whole area of the collected sample
from a trephine, while this report only analyzed the apical third. With this limited sample,
the authors are unable to conclude whether the percentages of NFB increased over time;
however, newly formed mineralized bone around the grafted biomaterials appears to be
intact for longer period to period. Comparing the histological samples of the two present
cases, the residual graft materials of the premolar site (Case I) is more condensed and newly
formed bone closely fills the gap between the grafted materials adjunct to the fibrous tissue.
Despite the apical lesion that appeared on the premolar, the marginal proportions of the
walls were intact and collagenated DBBM enhanced the stability of the grafted material.
On the other hand, residual graft materials are more sparsely dispersed in the molar site
(Case II) with mineralized bones forming around biomaterials and fibrous tissues filling
the gap in between. One possible hypothesis for this that can explain this difference is
that, in the molar case, the apex of the socket was exposed to the sinus floor. Therefore,
during the condensation process, a minimal amount of pressure was applied to impede the
biomaterials from entering the maxillary sinus. Furthermore, the authors hypothesize that
the apex aperture, in addition to the larger size of the extraction socket, reduced the bone
graft stability. Lastly, fibrous tissue ingrowth from both coronal and apical sides could have
promoted a higher rate of fibrous tissue ingrowth.

It is difficult to predict the amount of bone resorption or sinus pneumatization that
may have occurred on these sites with periapical lesion. A previous animal study that
had compared the healing of an extraction socket in naturally healed sites with grafted
sites using collagenated DBBM six months post-operation revealed 35% decrease in the
marginal surface area in naturally healed sites, while the marginal surface area in grafted
sites only decreased by 12%. Other clinical studies that have evaluated marginal ridge
alterations after extraction also showed a similar amount of change [2,27]. Furthermore,
sinus pneumatization is more vulnerable in the second molars and in areas with a thin
or no layer of bone between the root apex and the sinus floor [11,28]. Considering the
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above-mentioned findings, ARP was able to minimize the marginal bone resorption and
sinus pneumatization in the surgical sites.

Some of the limitations of the current study include the fact that pre- and post-
extraction measurements could not be compared because only peri-apical radiographs
were taken prior to extraction. Furthermore, the two patients failed to revisit the clinic after
ARP. Therefore, any possible complications or other factors that could have influenced the
results prior to implantation could not be discussed.

5. Conclusions

Implants should be placed as early as possible, following the other recommended
guidelines. Additionally, it is important for the clinicians to understand the long-term
healing process and ridge alterations of ARP performed in sites, since the grafted tissue
will remain for long periods of time intra-orally as peri-implant tissues. The histological
samples presented a densely suffused NFB between RGM, with NFB visible even at the
most coronal portion. Moreover, the hard bone density detected during implantation
implies that ARP sites could act as stable and reliable peri-implant tissues.
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