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Abstract
Dental implant-supported oral rehabilitation is a widely used procedure in modern dentistry. However, implant
placement on an atrophic alveolar ridge remains a challenging task due to the insufficient quantity and poor
quality of bone. To address this issue, various surgical techniques have been employed to overcome vertical
bone deficiency at implant sites, including guided bone regeneration (GBR) using non-resorbable barrier
membranes or titanium mesh, onlay block grafting with intraosseous or extraosseous bone blocks, distraction
osteogenesis, sandwich osteotomy with an interposition bone graft, and the ramus split bone technique.
These surgical procedures are not without their drawbacks, however. They can be technically challenging,
require longer surgery times, and result in significant postoperative patient discomfort. Additionally, because the
implants are not placed simultaneously, the patient's edentulous healing period is prolonged.
The utilization of tenting pole implants and abutments in conjunction with GBR procedure is a safe and effective
technique for advanced ridge augmentation. This procedure has minimal complications. Future investigations
are required to validate the effectiveness of this technique.
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Description of vertical tenting pole abutment
(SANTA®)

SANTA® (Biotem implant co. Busan, Korea) is a
specialized vertical tenting device designed for use in
both horizontal and vertical ridge augmentation
procedures. It is placed onto the implant platform
within the bony defect and helps prevent the
compression of bone graft materials by the periosteum
and overlying mucosa. This enhances the stabilization
of bone grafts, which is an essential requirement for
GBR procedures. Additionally, the narrower neck
design of SANTA allows for the placement of more
bone graft material over the platform of the exposed
implant surface. Therefore, this design can prevent
exposure of the implant that may result from the
dimensional changes of bone grafts that may occur
over time. It has a cover head diameter of 5 and 6mm
and is available in three cuff heights: Imm (SANTA-
1) for horizontal augmentation and 2mm and 3mm
(SANTA-2 and SANTA 3) for 3-dimensional ridge
augmentation (Figure 1).13

fmm

Figure 1la. SANTA has
1-3mm cuff height
SANTA 1 is indicated
for horizontal ridge
augmentation. SANTA-
2 and 3 are indicated
for vertical ridge
augmentation

Figure 1b. The
narrower neck design of
SANTA enables over-
grafting over the
implant platform to
compensate for bone
resorption that may
occur over time

The purpose of this report is to introduce a novel
surgical technique for reconstructing severely
resorbed alveolar ridges using a tenting pole abutment
to overcome the limitations of existing bone
reconstruction procedures.

A 59-year-old female patient presented with pain
and gingival bleeding on mandibular left and right
posterior implant supported fixed restorations. Plain
radiographs revealed bone resorption on the sites of
the left 2" premolar and 1% molar and the right 1%t and
2" molar implants (Figure 2).4°

Figure 2a and b. Intraoral photographs revealing
gingival inflammation, suppuration, and bleeding
around lower left and right posterior implant-
supported restorations caused by peri-implantitis.
¢ and d. Plain radiographs revealed severe bone
resorption on lower left and right posterior implant-
supported restoration due to peri-implantitis

All implants showing bone resorption were
removed using forceps and an implant removal kit on
February 9", 2022. She came back to our department
after 6 weeks of soft tissue healing to receive implants
on both lower posterior edentulous sites. Preoperative
radiograms indicated severe horizontal and vertical
alveolar defects on edentulous area (Figure 3).%7

Figure 3. Radiographic images revealing extensive
three-dimensional bone loss following the extraction
of failed implants
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The surgical procedure was performed under local
anesthesia after IV administration of preoperative
antibiotics (Flomoxef, Flumarin®, Ildong Pharm,
Korea) on March 29th, 2022. The patient’s venous
blood was taken from the forearm to make autologous
fibrin glue (AFG) and concentrated growth factors
(CGF) membranes to prepare sticky bone as described
first by Sohn et. Al.).% The blood was collected in two
non-coated vacutainers and first centrifuged at 2400-
2700 rpm using specific centrifuge (Medifuge,
Silfradent srl, Sofia, Italy) for 2 minutes to obtain
AFG, which will make sticky bone. AFG, upper layer
shown on non-coated vacutainer after centrifugation
was mixed with biomaterials to make sticky bone
grafts. While the non-coated vacutainers were
centrifuged, patient’s venous blood was collected in
six glass coated vacutainers were centrifuged for 12
minutes using the same centrifuge to make CGF
membranes. The surgery was performed starting from
the lower right posterior area. A crestal incision was
made through periosteum to bone to retromolar pad
and anterior and posterior vertical incisions,
connecting to the crestal incision were made beyond
mucogingival junction to mucosa at 45-degree angle.
To release lingual flap, it was gently pushed with a
periosteal elevator coronally and lingually to dissect
periosteum and superficial fibers of mylohyoid
muscle. The periosteum of buccal flap was released
with a No 15c blade. Before bone grafting, it is
essential to ensure that the flaps on both the buccal and

lingual sides overlap by at least 10mm. Any soft tissue
on the bony defect was removed with completely with
a curette. Two large decortications were made on the
buccal cortex using a bone collector (ACM,
Neobiotech, Seoul, Korea) while simultaneously
collecting autogenous bone.

Under-osteotomy using 1mm narrower drill than
implant diameter was applied to obtain initial stability
of implant. A 5mm wide and 10mm long and a 4.5mm
wide and 10mm long implant (Biotem Implant, Busan,
Korea) were placed on the 1 molar, and the 2" molar,
respectively with good initial stability. Implants were
placed 2mm subcrestally to adjacent proximal crestal
bone. Approximately 6mm of the implants were left
exposed. A SANTA-2 was placed on each implant
platform to maintain the volume of the sticky tooth
bone graft during the healing period. Sticky
autogenous bone was grafted as the first layer around
exposed implant surfaces and sticky bovine bone
(Medpark Inc., Busan, Korea) was grafted over the
autogenous bone graft as purpose of space
maintaining. A resorbable collagen membrane (Colla-
D®, Medpark Inc., Busan, Korea) was used to cover
the bone graft, but membrane tacks or membrane
stabilization sutures were not utilized to stabilize the
barrier membrane. Three CGF membranes were
placed over the barrier membrane to accelerate wound
healing. Tension-free wound closure was done. Before
suturing, it is essential to verify that the buccal flap
overlaps the lingual flap by at least 2mm (Figure 4).°

Figure 4a. A 3-dimensional defect was observed following the elevation of buccal and lingual flaps
b. Autogenous bone chip was collected simultaneously while creating two large decortications on the buccal cortex

c. The implants were observed to be 6mm vertically exposed after being placed 2mm subcrestally to adjacent proximal bone

d. A SANTA 2 abutment was placed on the implant platform and tightened to 10Ncm
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The same surgical technique was applied to the left
posterior region as well on the same day. After placing
a 4.5mm wide and 10mm long implant on the 2"
premolar and 1% molar, respectively, a SANTA-2 was
place on the implant platform. The implant surface
was exposed vertically about 5mm. Layered bone

grafting using sticky autogenous bone and bovine
bone was performed, and a collagen barrier was
covered over the bone graft. Two CGF membranes
were covered over the collagen barrier, and tension
free suture was achieved (Figure 5, 6).

Figure 5a. Sticky autogenous bone graft was grafted along the exposed implant surface
b. Sticky bovine bone was layered over the sticky autogenous bone graft to act as a space maintainer
c. A collagen barrier was applied over the bone graft without the use of membrane tacks or stabilization sutures
d. Three compressed CGF membranes were covered over the collagen barrier to accelerate wound healing,
followed tension free suture

Figure 6a. Note severe 3-diensional defect on lower left alveolar ridge
b. Implants were placed to function as a tenting pole screw. Implants were placed 2mm subcrestally to adjacent
proximal bone. Note 5 mm vertical exposure of implants
c. Two large decortications were made. D. SANTA with 2mm cuff height was placed onto the implant platform
d. Three compressed CGF membranes were placed over the collagen barrier to expedite the healing process,
and then a suture without tension was applied
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Healing on the right side was uneventful until the
uncovering was done five months later. In contrast, A
SANTA placed on left 2" premolar was partially
exposed after five months of healing on the left side.
However, bone graft remained stable over all implant
platforms. To widen attached keratinized gingiva
around implants, suture-less free gingival graft was
performed on the left side after connecting healing
abutments. A superficial horizontal incision was made
at muco-gingival junction using a 15c blade. Two
superficial vertical incisions were made at the end of
the horizontal incision and extended into the vestibule.
The recipient bed then was prepared by split-thickness

apically repositioned flap. The apically repositioned
flap was stabilized at the base of vestibule with 2
periosteal sutures using a synthetic absorbable
surgical suture (Coated vicryl, Ethicon LCC, USA).
Free gingival tissue harvested from the palate was
grafted on the recipient site and stabilized with tissue
cyanoacrylate (N-butyl-2-cyanoacrylate (Histoacryl,
B. Braun Surgical, S.A, Spain). Periodontal dressing
(COE-PAK ™ GC, Japan) was applied to protect the
wound site and to provide compression to the free
gingival graft during the initial healing period (Figure
7).10

Figure 7a. Sticky autogenous bone graft was grafted along the exposed implant surface
b. Sticky bovine bone was grafted over the autogenous bone graft
c. A collagen barrier was covered over the bone graft
d. Two CGF membranes were covered over the collagen membranes to accelerate the wound healing

A final zirconia-based restoration was cemented on
implants after 1 months of loading of the progressive
restoration on the left side. On the right side, suture-
less free gingival graft was performed after a
provisional restoration on the right side. A definitive

restoration was delivered after 1 month loading of a
provisional restoration. After 6 months of functioning,
it was observed that the bilateral prosthesis effectively
maintained a stable, augmented ridge over the implant
platform (Figure 8-12).

Figure 9. Postoperative CBCT scan images. Note successful 3-dimensional ridge
augmentation

b. the site of #16

a. the site of #17

c. the site of # 25 d. the site of #26
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Figure 10a. Note partial exposure of SANTA on # 25 after 5 months of healing
b. Intraoral image showing insufficient attached gingiva after uncovering procedure
c. Suture-less free gingival graft was performed
d. Note healthy gingiva around implant restoration after 6 months in function

Figure 11a. Intraoral image after 5 months of healing on the right side.
b. Note insufficient attached gingiva around provisional restoration
c. Suture-less free gingival graft was performed
d. Note wide zone of attached gingiva around final restoration after 6 months of loading

Figure 12a. A postoperative plain radiograph on the right ridge
b. A postoperative plain radiograph on the left ridge
¢. A plain radiograph on the right side after 6 months of loading revealed stable
augmentation over implant platform
d. After 6 months of loading, a radiographic image on the right side showed that the
augmentation over the implant platform was stable
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The reconstruction of large vertical bone defects is
widely recognized as a highly challenging technique.
During the healing period, it is important to maintain
space using a bone graft. Autogenous bone grafting
has been recognized as the gold standard for vertical
augmentation procedures due to its ability to maintain
a solid space, but it has also been reported to have
several disadvantages. Patients have a low acceptance
rate for the autogenous block bone grafting due to
prolonged surgical time and increased cost, greater
post-operative discomfort, and the need for additional
surgery at the donor site.!*2

The wvarious issues, such as unpredictable
resorption after healing, autograft failure, mandibular
fracture during harvesting of autogenous block bone,
and neurosensory disturbances at the recipient site, are
also known to be some of the reasons why autogenous
bone grafting may not be an easy choice.**1

To overcome the limitations of autogenous bone
grafts, allogenic bone blocks have been used in three-
dimensional alveolar bone augmentation procedures.
The advantage of using allogenic bone blocks is that
they can be shaped to fit the form of the bone defect
without the limitation of the amount of available bone
graft material. Additionally, allogenic bone blocks
have the advantage of not requiring a secondary
surgical site, which is necessary in the case of
autogenous bone grafts.”'® However, according to
some studies, allogenic block bone grafts have some
disadvantages, including faster resorption during the
healing period, cracking of the bone graft due to
occlusal force, and poor integration of grafts.181920

To overcome the disadvantages of 3-dimensional
augmentation using block bone grafts, guided bone
regeneration (GBR) has been widely utilized for the
reconstruction of large defects with delayed implant
placement.®? However, due to poor stiffness of
resorbable collagen membranes, non-resorbable
barriers such as dense-polytetrafluoroethylene (d-
PTFE), expanded-polytetrafluoroethylene (e-PTFE)
and titanium mesh are utilized to achieve more
favorable vertical support in 3-dimensional ridge
augmentation. However, the main disadvantage of a
non-resorbable barrier membrane is early exposure,
which can cause unfavorable bone generation.??

Another disadvantage of non-resorbable barrier-
supported GBR are technical difficulties when placing

it over the bone graft and when removing it after the
healing period. To stabilize these barriers over the
bone graft placed on the bony defect, several bone
tacks should be placed on the edge of the barrier
membrane to stabilize it. This procedure is recognized
as time consuming and tedious procedure. In addition,
"When performing guided bone regeneration (GBR)
with a non-resorbable barrier or titanium mesh, over-
grafting is essential because a 1-2mm thick soft tissue
layer is always regenerated under a non-resorbable
barrier.?®

Bone augmentation achieved through the
conventional GBR technique using a membrane is
generally inferior to that achieved through block bone
grafting procedures in terms of outcomes.? In order to
overcome the limitations of conventional GBR for
vertical bone augmentation procedures, the tenting
pole technique techniques with GBR has been
introduced in several studies as a means to enhance the
effectiveness of vertical bone augmentation
procedures.?

This tent-pole technique is relatively simpler and a
less invasive augmentation procedure, compared to
autogenous and allogenic block bone grafting,
distraction osteogenesis or vertical sandwich
techniques.?-28

However, the tenting pole technique requires a
long edentulous period and an increased number of
surgeries because implants can’t be placed at the same
time when performing tent-pole-assisted ridge
augmentation. In contrast to the screw tenting pole
technique. In several studies, guided bone
regeneration (GBR) performed with simultaneous
implant placement into the bone defect has been
shown to be a successful alternative to the use of
screws for vertical bone augmentation procedures.?%-3

Tenting of the periosteum and soft tissue matrix
using implants can lead to predictable 3-dimensional
ridge augmentation. This technique is known to have
many advantages. The number of surgeries is reduced,
and the edentulous healing period is shortened
because implants are placed simultaneously.
However, remodeling of the augmented ridge results
in dimensional resorption over time, which cannot be
prevented. Maintaining over-grafting over implant
platforms is necessary to compensate for future bone
resorption 3233
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To prevent bone resorption in augmented ridge, a
surgical technique has been developed to maintain
bone grafts over implant platforms by using a tenting
pole abutment. This technique creates space for bone
grafting material on the platform of an implant that is
placed to tent severely resorbed alveolar bone. 334

The use of the tenting pole abutment technique
along with GBR procedure prevented the collapse of
the space created by the bone graft and minimized the
resorption of the grafting material in both horizontal
and vertical ridge augmentation procedures. In
addition, the regenerated new bone is allowed to stay
in place on the implant platform even after functional
loading over time as demonstrated in this study.

The utilization of tenting pole implants and
abutments in conjunction with GBR procedure is a
safe and effective technique for advanced ridge
augmentation.  This  procedure has minimal
complications. Future investigations are required to
validate the effectiveness of this technique.
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TEXHUKA TEHTUHT ABATMEHTA JJIS1 JIETKOW PEKOHCTPYKIIMUA CUJIBHO
PE30PEUPOBAHHBIX AJIbBEOJISIPHBIX T'PEGHEN
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Homnent, xadenpa cromaTonoruu u opronenuu, MegunmuHckuii GakyibTeT KaTOTHIECKOTO YHUBEPCHTETa
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AOcTpaKT

Peabunuranus nosocTy pra ¢ onopoi Ha 3yOHbIE IMIUTIAHTATHI — IIHPOKO KCIIOIb3yeMasi HpOoLEeAypa B COBPEMEHHOM
cromaTosiorny. OJJHaKO yCTaHOBKAa MMIUIAHTaTa Ha aTpO(UPOBAHHOM AITBBEOSIPHOM OTPOCTKE OCTAETCS CIIOKHOM
3a7adell u3-3a HEJOCTATOYHOIO KOJIMYECTBA M IUIOXOr0 KadecTBa KocTu. s pemieHus 3Toi mpoOiembl
HCTIONIb30BAINCH PA3IMYHBIE XUPYPrHUECKUE METOJBI Ul HPEOAOJICHUS BEPTHUKAIBHOTO KOCTHOTO AedHIUTa B
MeCTax YCTaHOBKM HMIUJIAHTaTOB, B TOM uucie HampasieHHas pereHepauus xkoctu (HKP) ¢ ucnonb3oBanuem
Hepe30pOupyeMbIX OapbepHBIX MEMOpaH WM THTAHOBOW CETKM, HapalluBaHUE OJIOKa C KOCTHBIMH OJOKaMH,
JUCTPAKIMOHHBIM OCTEOTEHES, COHIBUY-OCTEOTOMUS ¢ HHTEPIIO3UIIUOHHBIM KOCTHBIM TPAHCIUIAHTATOM U TEXHUKA
pacmierieHHoNH BeTBH. OAHAKO 3TH XUPYPrUUECKUE HPOLEAYpbl HE JIMIIEHbI HEJOCTaTKOB. OHM MOTYT OBITh
TEXHUYECKU CJIOXKHBIMM, TpeOoBaTh 0ojiee IJIUTEIBHOIO BPEMEHHM ONEpalud U NPUBOAUTH K 3HAUMTEIBHOMY
HOCJICONIepalMOHHOMY JaucKoMpopTy manueHta. Kpome TOro, NMOCKOIbKY HMIUIAHTATHI HE YCTaHABIMBAIOTCS
OJTHOBPEMEHHO, Y NAIIUEHTa IPOAIEBACTCA IEPUOJ 3aKUBJICHUS aICHTUH.

Hcnonp3oBaHne TEHTHHT MMIDIAHTATOB U abaTMEHTOB B codeTannu ¢ nponenypoit HKP asnsercs 6ezonacHbIM u
3¢ GEKTUBHBIM METOIOM JJIsl PACIIMPEHHOTO YBEJINYCHUS ANbBEOJISIPHOTO TpeOHs. DTa npoueaypa IMeeT MUHUMYM
ocnoxHeHui. Bynymue uccnenopanus He0OXOIUMBI AJIsl HOATBEPXKACHUS G PEKTUBHOCTH ITOTO METOA.
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