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ABSTRACT:

Apical surgery involves the surgical treatment of a
tooth affected by a periapical or periradicular lesion that
cannot be addressed through standard orthograde endodon-
tic therapy. It is typically regarded as a final option for pre-
serving the tooth when conventional retreatment poses con-
siderable therapeutic risks.

This report presents a clinical case involving the sur-
gical treatment of a periapical lesion (diffuse periapical
periodontitis) affecting a maxillary left lateral incisor and
canine, following failed primary endodontic therapy. A col-
lagen-based product was utilized to enhance bone regen-
eration.

Follow-up at eight months postoperatively revealed
substantial healing, as evidenced by radiographic imaging
and clinical examination. The case highlights the poten-
tial of collagen biomaterials to function not only as
hemostatic agents but also as scaffolds that improve the
conditions for new bone formation in large osseous defects.
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INTRODUCTION:

The regeneration of lost bone tissue remains a sig-
nificant challenge in dental medicine. Over time, numer-
ous techniques for bone regeneration have been proposed
and applied, many of which are still in use today. While
each method presents its own advantages, it also has in-
herent limitations, thereby encouraging the continuous
development of novel alternative approaches. [1]

Interest in regenerative medicine has grown signifi-
cantly in recent years. While many properties of
biomaterials have been extensively studied, their clini-
cal application and beneficial effects on tissue healing
warrant further in-depth investigation. Regenerative medi-
cine is founded on the principles of biomaterials science
and cellular biology. Tissue engineering has the poten-
tial to overcome the restrictions of conventional bone re-
generation techniques through the application of materi-
als that serve as scaffolds for the migration and attach-
ment of cells with osteogenic potential. Natural polymers,
such as collagen, have proven to be particularly suitable
for these purposes. Collagen is among the most widely
used and extensively studied biomaterials due to its ex-
cellent biocompatibility, well-defined three-dimensional
structure, biological properties, and ability to interact with
host tissues. [2, 3]

Collagen is a protein that constitutes a major com-
ponent of the extracellular matrix in the human body. This
intrinsic characteristic makes it an inherently
biocompatible material suitable for in vivo application.
Various sources are employed for the extraction and pro-
duction of collagen, which can be categorized into two
main groups: natural and synthetic. Natural collagen is
derived from animal and plant sources, with the most
common being bovine, porcine, human, and marine-de-
rived collagen.

Synthetic collagen was developed to overcome the
primary drawback of natural collagen—its high
immunogenicity and the risk of transmitting diseases such
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as bovine spongiform encephalopathy (BSE). It is pro-
duced via recombinant protein expression systems using
bacterial, yeast, insect, or plant cells, as well as mamma-
lian cell lines or artificial fibrils. [4]

Atelocollagen, obtained by enzymatic treatment
(protease enzymes) of collagen, is commonly used in bio-
medical applications. It retains the properties of native
collagen while minimizing disease transmission risk
through the removal of immunogenic regions.

In oral surgery, collagen is most frequently used in
the form of hemostatic sponges for local bleeding con-
trol. These sponges are typically made from lyophilized
animal-derived substrates and are known for their high
absorbency, capable of retaining multiple times their own
weight. Due to their three-dimensional porous structure,
they not only trap and retain elements involved in
hemostasis but also aid in stabilizing the blood clot. They
serve as a supportive scaffold for platelet aggregation and
the subsequent formation of a stable fibrin clot. [5, 6]

Collafleece (Botiss Biomaterials, Berlin, Germany)
is a specific cone made from natural porcine collagen. Ac-
cording to the manufacturer, it is designed to support the
natural healing of tissues. It is intended to stabilize the
formation of a blood clot and assist in controlling bleed-
ing. The fleece is fully resorbed within approximately 2
to 4 weeks. [7]

Materials and methods: The present clinical case
demonstrates the application of a collagen biomaterial for
the restoration of a large bone defect resulting from
apicoectomy.

Case presentation: A 59-year-old female patient was
referred to the Department of Oral Surgery at the Univer-
sity Medical-Dental Centre of the Medical University of
Varna, Bulgaria, for apical surgery of tooth 22 due to re-
current exacerbations of a periapical lesion and failure of
conservative treatment. Cone-beam computed tomogra-
phy (CBCT) revealed a lesion involving teeth 22 and 23.
(Fig. 1) Following consultation with a conservative den-
tistry specialist, orthograde endodontic treatment of tooth
22, retreatment of tooth 23, and subsequent apicoectomy
of both teeth were planned due to the lesion’s palatal ex-
tension involving tooth 23. (Fig. 2)

Fig. 1. Preoperative CBCT - frontal view
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Fig. 2. Preoperative view - transversal view

Endodontic Protocol: With the patient’s informed
consent, orthograde endodontic treatment was performed
on teeth 22 and 23. The protocol included mechanical
preparation of the root canals using rotary instruments and
chemical irrigation with the following protocol: 5.25%
NaOCl, saline, citric acid, saline, followed by orthograde
obturation using a bioceramic sealer (NeoSEALER® Flo,
Avalon Biomed, USA) and a central gutta-percha point.
The medication between the separate appointments con-
sisted of calcium hydroxide.

Surgical Treatment Protocol: The surgical procedure
was conducted the day after the final obturation of the
root-canal system. After administration of infiltrative lo-
cal anesthesia with 4% Articaine HCL with 0.01 mg/ml
epinephrine, a sulcular incision was made, extending from
tooth 24 to tooth 21, with an additional paramesial inci-
sion near tooth 21 and the superior labial frenulum. The
position of the vertical incision was chosen for aesthetic
considerations. A full-thickness mucoperiosteal flap was
reflected. Preoperatively, the distance from the marginal
bone to the apex of tooth 22 was measured on a CBCT and
transferred clinically with a periodontal probe (UNC-15).
Under continuous irrigation with sterile saline, the bone
in the periapical area of tooth 22 was trephined using a
round bone bur. Upon reaching the granulation tissue
around the apex of tooth 22, the surgical procedure was
extended to include tooth 23 due to the palatal extension
of the lesion. The osteotomy was enlarged, and after visu-
alizing the root of tooth 23, thorough curettage of the al-
tered tissue was performed. A 90-degree resection of the
apices of teeth 22 and 23 was carried out. (Fig. 3)
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Fig. 3. Bone cavity and roots resection angle

After irrigation and visual inspection of the bone
cavity, a collagen fleece (Collafleece®, Botiss
Biomaterials, Berlin, Germany) was placed into the bone
defect. (Fig. 4) The flap was repositioned and sutured with
interrupted polyamide sutures. Postoperative instructions
were provided, and the patient was prescribed a 7-day an-
tibiotic course of Amoxicillin + Clavulanic acid 875/125
mg, anti-inflammatory medication - Nimesulide 100 mg
sachets, probiotics, and a 0.12% chlorhexidine digluconate
mouthwash twice daily for 14 days. A follow-up appoint-
ment was scheduled for the next day and on the 7th day for
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suture removal. Immediately after the surgical procedure,
a second CBCT was performed to assess the size of the
bone defect and to serve as a baseline for future follow-up.
(Fig.5,6,7)

Fig. 5. Postoperative CBCT - axial view of tooth 22
Fig. 6. Postoperative CBCT - axial view of tooth 23

The patient was recalled 8 months post-surgery for
clinical and radiographic reexamination. A follow-up CBCT
demonstrated evidence of healing and bone regeneration in
the periapical area of teeth 22 and 23. No clinical or subjec-
tive symptoms were reported by the patient. (Fig. 8, 9)
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Fig. 8. Eight-month follow-up - axial view of tooth 22
Fig. 9. Eight-month follow-up - axial view of tooth 23

RESULTS AND DISCUSSION:

Surgical endodontics represents the final therapeu-
tic option for managing persistent periapical lesions that
do not respond to conventional endodontic treatment. The
rationale for periapical surgery lies in the removal of all
infected tissues and the establishment of a sealed envi-
ronment conducive to the healing of periradicular tissues.
The primary objective of apical surgery is to create opti-
mal conditions for the regeneration of periradicular tis-
sue. This is typically achieved through the elimination
of pathological lesions or inaccessible portions of the root
canal system, and by preventing reinfection from the root
canal.

A fundamental prerequisite for the success of
apicoectomy is adequate root canal treatment prior to the
surgical procedure. This includes appropriate mechanical
and chemical debridement of the root canal system (RCS),
followed by effective obturation.

According to current understanding, bioceramic
sealers are considered the materials of choice for root ca-
nal obturation. Their properties—including excellent
biocompatibility, osteoconductivity, the ability to form
a tight seal, chemical bonding with dentinal tissue, in-
solubility in tissue fluids, and good radiopacity make
bioceramics the preferred material for preparing teeth for
apical surgery. [8, 9]

The quality and quantity of the tissue surrounding
a bone defect (hard and soft tissues) significantly influ-
ence the healing processes of periapical tissues. The di-
mensions of the bone defect following surgical interven-
tion are crucial for treatment outcomes. Furthermore, re-
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cent evidence suggests that biomaterials such as collagen-
based materials may further enhance periapical tissue re-
generation by providing structural support and improv-
ing the biological environment for tissue repair follow-
ing endodontic microsurgery. [10]

A study by von Arx T et al. [11] evaluated the re-
lationship between the extent of healing and the size of
the bone crypt, measured intraoperatively. The study in-
cluded 177 teeth from an equal number of patients. The
assessment was made based on the results of an X-ray ex-
amination one year after surgery and on the presence or
absence of clinical symptoms on the part of the patient,
according to the criteria established by Rud et Molven.
[12, 13] The results were divided into the following
groups - complete healing (lack of radiolucency), incom-
plete healing (formation of fibrous or scar tissue), unclear
healing process (insignificant reduction of the previous
radiolucency) or unsatisfactory healing (no reduction or
increase of the initial radiolucency). The results indicated
that complete healing was observed in cases with a mean
bone crypt volume of 395 mm3, whereas non-healed cases
had a mean volume of 554 mm3. Additionally, the study
found that the length of the access window to the bone
crypt was significantly related to the healing outcome,
with a length of 7.04 mm or less being associated with
better healing.

Another study by Wang et al. [14] reported a sig-
nificantly higher success rate of 86% for teeth with ra-
diographic lesions measuring <5 mm, compared to a 65%
success rate for lesions 25 mm (P = 0.02). This finding
underscores the importance of lesion size in predicting
the success of periapical surgery. These studies highlight
that smaller bone defects are associated with better heal-
ing outcomes following apical surgery. Therefore, careful
assessment of defect dimensions is essential in planning
and predicting the success of periapical surgical interven-
tions.

In our report, the preoperative lesion size was not
considered as a factor influencing the healing process. In-
stead, only the dimensions of the postoperative bony crypt
were assessed. The measurements were obtained from the
postoperative cone-beam computed tomography (CBCT),
revealing a total cavity volume of 841 mm?3 (0.841 cm?3),
mesiodistal dimension of 11.4 mm, and an apicocoronal
dimension of 6.72 mm. (Fig. 7, 10) The volumetric analy-
sis of the postoperative defect was performed using
PLANMECA ROMEXIS software. Figure 11 illustrates a
three-dimensional visualization of the bone crypt volume
after the apicoectomy. (Fig. 11)
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Fig. 10. Volumetric analysis conducted using
PLANMECA ROMEXIS software shows a periapical lesion
volume of 841 cubic millimeters.

Fig. 11. Three-dimensional visualization of the bone
crypt volume.
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When comparing these findings to the data reported
in the literature, significant healing outcomes were ob-
served despite the relatively large initial bone defect and
the timing of follow-up. This favorable outcome is prima-
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rily attributed to the application of a collagen-based mate-
rial as a scaffold for bone regeneration. [15] Follow-up ex-
amination at 8 months post-surgery demonstrated complete
healing according to the classification by Rud and Molven,
as confirmed by CBCT. No clinical symptoms or patient-
reported complaints were noted. These results, in the con-
text of the relatively large initial bone loss, further sup-
port the potential of collagen materials to promote peri-
apical tissue regeneration.

The duration of the healing process for large peri-
apical defects and the follow-up period are also of sig-
nificant importance. Verma J and Ahuja V [16] note that
for lesions up to 5 mm, a healing period of approximately
6 months is required, for lesions between 6-10 mm — 7.25
months, and for defects >10 mm — a period of at least 11
months. Other authors report that for large defects (>10
mm), which show incomplete healing in the first year,
longer follow-up may be necessary as the time is insuffi-
cient for tissue regeneration. Long-term follow-up stud-
ies show that 40-50% of cases with incomplete healing
after 1 year may reach complete healing after 5-8 years.
[17] The primary mechanism likely explaining this heal-
ing effect can be attributed to the specific porous struc-
ture of the collagen sponge, which is suitable for adhe-
sion and proliferation of osteoblasts, as well as other cells,
such as fibroblasts that release signals like fibroblast
growth factor 2 (FGF-2), which affect osteoblast prolifera-
tion. [18]

CONCLUSION:

The present clinical case demonstrates the signifi-
cant and beneficial application of collagen hemostatic
sponges for filling bone defects following apical oste-
otomy. The results from the follow-up show complete bone
recovery in the periapical area, even in the case of a de-
fect of considerable size. This justifies considering colla-
gen biomaterials not only as elements for local hemostasis
but also as agents promoting bone formation in extensive
bone defects. Further in-depth studies and monitoring of
more clinical cases are required to convincingly confirm
the effect of collagen hemostatic sponges on bone heal-
ing, particularly their effect on tunnel lesions and apico-
marginal lesions, where soft tissue proliferation and in-
complete healing processes with scar tissue are most com-
monly observed.
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