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Valavanis et al 

Different socket grafting techniques have 
been proposed, utilizing different bone 
grafting materials, with various degrees 

of efficacy. A universal problem arising from 
all of the available techniques is the fact that 
the soft tissue anatomy present at the time of 

extraction is lost, resulting in a flat type soft tis-
sue architecture. A novel protocol and case 
report of a ridge preservation technique that uti-
lizes an anatomically shaped composite resin 
plug that acts as a graft containment and cervi-
cal profile maintenance device is presented.

Flapless Hard and Soft Tissue Preservation of Posterior 
Sockets Utilizing the Cervical Socket Plug Technique: 

Clinical Protocol and Case Report

Konstantinos Valavanis, DDS1 • Alexandros Tzovairis, DDS, MS2

Ioannis Vergoullis, DDS, MS3

1. Professor, Oral Surgery Department, Universita degli sStudi di Napoli Federico II, Italy. Private Practice,
Athens, Maroussi (N.Filothei), Greece.

2. Private Practice, Brussels, Belgium.

3 Visiting Assistant Professor, Periodontics Department, Louisiana State University, New Orleans, USA. 
Private Practice, Rhodes, Greece.

Abstract

KEY WORDS: Site preservation, bone graft, case report, dental implants
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INTRODUCTION
The immediate replacement of hopeless teeth 
with dental implants has been proven to be a suc-
cessful process, demonstrating similar success 
rates to traditional late/delayed approach., How-
ever, there are cases where anatomic restrictions 
do not allow the application of immediate implant 
placement protocols into fresh extraction sock-
ets. Moreover, recent publications have raised a 
concern with regards to mid-term and long-term 
stability of the esthetic results in such cases, 
especially when the facial bone plate is com-
promised and, or the soft tissue biotype is thin., 

Thus, there are certain cases where due to 
site anatomical limitations and, or esthetic con-
siderations a late/delayed approach is recom-
mended.,,  In these cases, the recommended 
protocol of treatment involves the “atrau-
matic” extraction of the tooth and sometimes 
an additional socket grafting in order to pre-
serve or enhance the dimensions of the alveolar 
ridge and establish the foundation for implant 
placement at a later stage.,,,  This founda-
tion will allow a prosthetically and biologically 
driven implant placement that is considered 
to be fundamental for long term stable results. 

Different socket grafting techniques have been 
proposed, utilizing different bone grafting materi-
als, with various degrees of efficacy.,,, The most 
widely used techniques involve the atraumatic 
extraction of the tooth in one or more pieces, 
utilizing a flapless approach. After the tooth is 
extracted, the socket is thoroughly cleaned by 
curettage and is then filled with a bone replace-
ment graft material.  On top of the graft, within 
the soft tissue zone, a collagen sponge is placed 
and secured with sutures in order to contain the 
graft.,,  The main problem with this technique is 

related to the fast resorption time of the collagen 
sponge, where the latter is usually completely 
resorbed within a few days after the procedure, 
leaving the graft exposed to the oral cavity. This 
is particularly true for molar teeth where the larger 
size of the socket requires more time for soft tis-
sue healing and complete coverage of the graft. 
Thus, for molar sites, resorbable and non-resorb-
able membranes have also been utilized in order 
to ensure the containment of the graft for a lon-
ger time period and overcome the above prob-
lem.,  However, the addition of membranes in 
these particular protocols usually requires the 
raise of a flap in order for the membrane to be 
stabilized in situ. Depending on the type of mem-
brane and clinician’s philosophy, the membrane 
might be left exposed or completely covered in 
order to achieve a secondary or primary inten-
tion healing, respectively. The flap reflection has 
a negative impact on the post-operative com-
fort and speed of healing of the patient, it might 
alter the soft tissue anatomy, it adds on the com-
plexity of the procedure and finally, it increases 
the required clinical time and cost of treatment., 

Another problem associated with the graft 
containment method and materials used, is the 
presence of a flat anatomy of the ridge after the 
healing process. This “post-extraction ridge 
anatomy” is not similar to the natural soft tis-
sue anatomy at the time of the extraction. This 
is the reason why there has been the develop-
ment of so many different methods of implant 
temporization and soft tissue manipulation in 
order to re-establish the cervical soft tissue pro-
file of the implant site.,,,  However, these tech-
niques have very sensitive clinical protocols 
which involve longer working time, higher clinical 
skills and increased cost. These are the reasons 
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why they have not been widely introduced into 
the everyday practices for posterior implant sites. 

In anterior sockets, most clinicians are uti-
lizing specific design of provisional restora-
tions, with ovate pontics, in order to preserve 
the cervical soft tissue profile.,,  H owever, in 
posterior sites there are often restrictions asso-
ciated with the design of temporary pros-
theses that can serve the same purpose. 

The purpose of this paper is to intro-
duce a novel protocol and case report of a 
ridge preservation technique that can eas-
ily be applied in the everyday practice, over-
coming some of the aforementioned problems. 

The novel feature involves the utilization of an 
anatomically shaped composite resin plug that 
acts as a graft containment and cervical profile 
maintenance device. This plug can be made on a 
working model by a lab technician, or chairside by 
utilizing tooling dedicated for this purpose.  The 
latter is an emergence and cervical profile man-
agement system consisting of specific tools, pre-
viously described.33  The guide of the system is 
used in order to identify the shape and dimensions 
of the cervical profile of the extraction socket 
and dictate the proper composite resin plug that 
needs to be utilized. This plug is subsequently 
fabricated in a dedicated mold from the system. 

CERVICAL SOCKET 
PLUG PROTOCOL

Step 1: During the first step, a fl apless, “atrau-
matic” extraction of the hopeless tooth is per-
formed. This step is done either by extracting the 
tooth as one unit or sectioning it in multiple pieces 
for cases involving molars with divergent roots. 

Step 2: The second step involves the 
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evaluation of the socket’s soft tissue cer-
vical profile size and shape with suitable 
instruments and selecting the proper size 
and shape of the composite resin plug.33  

The composite resin plug should match 
the dimensions of the open end of the socket 
for cases involving a thick soft tissue bio-
type or be slightly smaller in diameter (1-2mm) 
in cases involving a thin soft tissue biotype.

Step 3: This step includes the fabrication, pol-
ishing and cleaning of the cervical composite resin 
plug, utilizing a nano-hybrid flowable compos-
ite resin material, polishing brushes and paste.33 

Step 4: This step involves the clean-
ing of the socket thoroughly through curet-
tage. Some clinicians follow with additional 
irrigation with 10ml of tetracycline solution 
(50mg/ml) for 3 minutes, followed by irri-
gation with copious sterile saline solution.,

Step 5: This step consists of filling up the 
socket with grafting material.,  The graft should 
be placed up to 1mm away from the soft tis-
sue cervical margin. The graft is then cov-
ered with a piece of sterile Teflon tape, leaving 
the surfaces of the proximal teeth exposed.

Step 6: This step includes the spot etch-
ing of the proximal surfaces of the adja-
cent teeth with a suitable etching agent for 
15-30 seconds. The area is then thoroughly
rinsed with water followed by air drying.

Step 7: This step consists of the installa-
tion of the composite resin plug into the socket 
to fit the pre-extraction orientation and with the 
plug extending 1mm deep into the socket and 
at least 1-2 mm above the soft tissue margins, 
without interfering with the opposing dentition. 
A suitable bonding agent is then applied on the 
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Figure 1:  Clinical image of hopeless teeth #25 and #26 (FDI 
Tooth Numbering System).

Figure 2:  Radiographic image of hopeless teeth #25 and 
#26 (FDI Tooth Numbering System).

Figure 3:  Cervico Guide.

Figure 4:  Cervical profile evaluation of tooth #2.5 with 
Cervico guide for the selection of proper size composite 
plug to be fabricated (code:#pM – medium size premolar).

occlusal surface of the plug and the surfaces of 
the adjacent teeth that would be bonded to, and 
light cured.  Finally, the plug is connected with 
the adjacent teeth with light curable composite 
resin material. It is recommended to enforce the 
composite resin material with a fiber reinforced 

system like Everstick (GC America Inc., Alcip, 
IL, USA), or any suitable fiber reinforced tape.

Step 8: This step consists the removal of the 
Teflon tape. Occlusion evaluation is also man-
datory at this stage to confirm that the plug is 
indeed out of occlusion and that the compos-

Valavanis et al 



Figure 5:  Cervical profile evaluation of tooth #2.6 with 
Cervico guide for the selection of proper size composite 
plug to be fabricated (code:#m2L – Large size upper molar).

Figure 8:  Clinical image of hopeless teeth #2.5 and #2.6 
after sulcular incisions.

Figure 6:  Composite plug fabrication in Cervico mold 
(code:#m2L – Large size upper molar).

Figure 7:  The two Composite plugs, fabricated in Cervico 
mold (code:#m2L and pM).

ite resin material / fiber connecting system does 
not interfere with the occlusion of the patient.

CASE REPORT
A 54 years old female with restoratively hopeless 
upper second premolar (#25 FDI Tooth  Num-
bering system) and first molar (#26 FDI T o oth 
Numbering System) was referred for implant 
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replacement therapy (Figure 1). The patient was a 
nonsmoker, with a clear medical history, no active 
dental disease and no contra-indications present 
for implant therapy.  The radiographic and clinical 
evaluation revealed an inadequate site for immedi-
ate implant placement due to a periapical pathol-
ogy present as well as proximity of the maxillary 
sinus to the apex of the teeth to be extracted (Fig-

Valavanis et al 
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Figure 9:  Clinical image of sockets #2.5 and #2.6 after 
flapless extraction of the hopeless teeth.

Figure 10:  Clinical image of sockets grafted with xenograft 
material.

Figure 11:  Clinical image of composite plugs in situ after 
bonding with fiber reinforced fiber and adjacent teeth.

Figure 12:  Radiographic image after completion of the 
procedure.ures 1, 2). Therefore, the treatment plan consisted 

on the extraction of the hopeless teeth with simul-
taneous ridge preservation procedure, utilizing 
the cervical socket plug protocol (CSP). Implant 
placement will take place as early as 3 moths post 
grafting surgery. The treatment plan and all alter-
native approaches were presented to the patient 
and she agreed to proceed with the proposed 

plan. The requirements of the Helsinki Declara-
tion were observed, and the patient gave informed 
consent for all surgical and restorative procedures.

The tabs of a Cervico Guide (VP Innovato 
Holdings Ltd, Lemessos, Cyprus) were utilized 
in order to identify the dimensions and shape of 
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Figure 13:  Clinical image two weeks post procedure.

the cervical profile of the sockets and select the 
proper cervical composite resin plugs (Figures 
3, 4, 5). The soft tissue biotype was identified as 
thick and thus composite resin plugs matching the 
dimensions of the cervical profile of the sites were 
deemed as the most suitable. The two composite 
resin plugs were fabricated with the Cervico mold 
(VP Innovato Holdings Ltd, Lemessos, Cyprus), 
utilizing the wells of the selected dimensions and 
shape. The bottom opening of the selected wells 
was blocked with Teflon tape and then filled with 
nano-hybrid flowable composite resin material 
(VPI Easy Flow, VP Innovato Holdings Ltd, Lem-
essos, Cyprus) and light cured for 40 seconds. 
The composite resin plugs were removed from 
the wells, covered with glycerin and received 
additional light curing for another 40 seconds. 
The composite resin plugs were polished with 
brushes and a diamond paste. They were then 
disinfected in an ultrasonic bath with an alcohol 
solution 95’ for 5 minutes and subsequently irri-
gated with sterile saline solution (Figures 6, 7). 

Following 1gr of Amoxicillin 1-hour prior to 
surgery, the involved teeth were “atraumatically” 
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extracted in a flapless manner (Figures 8, 9).  The 
anatomy of the extraction sockets was evaluated, 
and both sockets were classified as type I.  The 
extraction sockets were thoroughly debrided and 
irrigated with a sterile saline solution. The extrac-
tion sockets were filled with a xenograft mate-
rial (Bio-Oss collagen, Geistlich, Switzerland) 
prepared with PRF solution in order to obtain 
a more manageable consistency (Figure 10). 

The sockets were then covered with a piece 
of sterile Teflon tape as a protective barrier and 
the adjacent teeth’s proximal enamel was spot 
etched with 32% phosphoric acid (Scotch-
bond, 3M, MI, USA) for 15 seconds. The teeth 
were thoroughly rinsed and air dried. A bonding 
agent (Scotchbond, 3M, MI, USA) was applied 
on the adjacent teeth and on the top surface of 
the composite resin plugs and light cured for 20 
seconds. The Teflon tape was then removed. The 
composite resin plugs were properly installed 
into the sockets and a piece of fiberglass rein-
forced tape (Everstick) was adapted joining the 
plug to the adjacent teeth. Light curable compos-
ite resin material was utilized to cover the fiber-
glass material and creating the bonding between 
the plugs and adjacent teeth. A cross horizontal 
mattress suture was placed in between the two 
extracted teeth overlapping the composite/resin 
fiber system and secured with additional com-
posite resin material in order to fix the trauma-
tized papillae . The occlusion was evaluated, and 
the plugs were kept out of occlusion (Figure 11). 
A periapical radiograph was taken (Figure 12). 

The patient was instructed to rinse with 
chlorhexidine solution 0.12% every twelve 
hours for the next two weeks and avoid chew-
ing on this side. Antobiotics were prescribed to 
the patient (Amoxicillin 1gr every 12 hours for 
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Figure 14:  CBCT image of area of interest 3 months post the procedure.

two days) as well as non-steroidal anti-inflam-
matory medications (Ibuprofen 600mg every 
eight hours for 4 days and then as needed).  

The patient was seen postoperatively at 
ten days. The healing was found unevent-
ful (Figure 13). She was then evaluated 
every ten days for the next three months. 

A cone beam computer tomography (CBCT) 
was taken at three months in order to evalu-
ate the hard tissue and to treatment plan the 
implant placement. The CBCT revealed pres-
ervation of the hard tissue dimensions which 
appeared to overlap bucco-lingually the dimen-
sions of the composite resin plugs (Figures 
15, 16, 17, 18). At the day of implant place-
ment, the composite resin plugs were removed 

from the adjacent teeth (Figures 14, 15). 
The soft tissue anatomy had a preserved cer-

vical profile, similar to the one presented around 
the natural teeth pre-extraction (Figure 16). 

A Cervico guide was utilized in order to iden-
tify the entry points of the osteotomies and a flap-
less approach was used to prepare the implant 
sites (Figures 17, 18). Two implants (MIS, Tel Aviv, 
Israel) were inserted with an initial insertion torque 
value of 35 N/cm achieving favorable primary sta-
bility. Two custom healing abutments were fabri-
cated using the same wells of the Cervico mold 
as the ones used to fabricate the composite 
resin plugs. The custom healing abutments were 
then installed onto the implants and their proper 
fit was evaluated radiographically33 (Figures 19, 
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Figure 15:  CBCT image. Cross sections of future implant sites (#25 and #26 FDI Tooth Numbering System). 

20). Three months post implant placement the 
implants appeared to be successfully osseointe-
grated and the soft tissue cervical profile was well 
preserved and appeared to mimic the natural cer-
vical profile present at the time of teeth extraction 
and application of the CSP technique (Figure 21).

DISCUSSION
Ridge preservation techniques have been well 
documented and proven to be successful on 

14   •   Vol. 12, No. 1   •   March 2020

maintaining the dimensions of bone ridge anat-
omy.16  Today, techniques involving a flapless 
approach are recommended as being more effi-
cient with regards to hard tissue dimensions pres-
ervation.  However, an overseen problem with all 
of these techniques is the establishment of a flat 
soft tissue architecture. This results in the need for 
more advanced and complex procedures of soft 
tissue manipulation at the time of implant place-
ment, or restoration.26,29  The proposed approach 
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Figure 16:  Clinical image of implant sites 3 months post 
procedure and after composite plugs removal..

Figure 19:  Implants have been placed and two custom 
healing abutments fabricated in Cervico mold (Codes: #pM 
and #m2L) have been installed to the implants for one 
stage healing protocol.

Figure 18:  Clinical image of implant site preparation. 
Osteotomies have been prepared in combination with 
crestal sinus lift.

Figure 17:  Clinical image of implant site preparation. 
Tissue punch has been utilized to acces the underlying 
bone.

of posterior socket grafting focuses both on hard 
and soft tissue anatomy preservation. The pro-
posed protocol has been successfully imple-
mented in several cases of type I posterior 
sockets, utilizing the tooling available with Cer-
vico system (VP Innovato Holdings lts, Lemessos, 

Cyprus).33  The system was used to select the 
adequate size and shape for the plug to be cre-
ated. In cases where a thick soft tissue biotype is 
present, a composite resin plug with dimensions 
similar to the gingival margin present at the extrac-
tion site is utilized. In cases where a thin soft tis-
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ally present when suturing flaps and the imme-
diate contact of the plugs with the peripheral 
tissue.47  A future research could be towards 
evaluating this technique in combination with a 
resorbable membrane in sockets with a com-
promised buccal plate or type II sockets.46, 

A limitation for the use of this protocol is the 
absence of adjacent teeth to the extraction site in 
order to connect the plug and stabilize it with a 
composite/resin fiber system. It should be men-
tioned that if a fixed partial denture (FPD) with 
pontics is fabricated – the pontics bases are 
designed to support the ridge walls., The pro-
posed technique is suggested when the adja-
cent teeth do not support a provisional FPD.

It is fundamental to emphasize the need to 
ensure the stability of the composite resin plug 
throughout the healing process. Therefore, it is 
recommended for patients to be re-called every 
10 to 15 days for the healing period of 3 to 4 
months. Mobility of the plug might have a nega-
tive impact on the final result as it may potentially 
disturb the normal healing process. Therefore, 

Figure 20:  Radiographic image after completion of the 
operation.

sue biotype is present, a composite resin plug of 
one size smaller than the dimensions of the gingi-
val margin at the extraction site is utilized. The rea-
son behind this protocol is to avoid overpressure 
on the thin soft tissue and to prevent potential 
recession of the latter.35  In all of the cases where 
this technique has been used, the composite resin 
plug is being used as the sole “barrier” placed 
directly to cover the bone replacement graft. 

The addition of other membranes or any other 
biomaterials, flap elevation and/or suturing is not 
necessary when using this protocol. The case 
report presented in this paper, received one single 
suture in order to fix the papillae that was trauma-
tized during the extraction. However, the results 
would have been very similar even if the suture 
had not been used as seen in other cases. It has 
even been shown that avoiding sutures could 
have a positive impact on the healing process. 

The CBCT revealed the presence of hard tis-
sue bucco-lingually around the periphery of the 
plugs.  We believe that the reason behind this 
phenomenon could be the lack of tension usu-
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Figure 21:  Clinical image of implant sites at 3 months post 
placement and upon custom healing abutment removal.

Valavanis et al 



The Journal of Implant & Advanced Clinical Dentistry    •   17 

Correspondence:
Dr. Ioannis Vergoullis 
drvergoullis@gmail.com 

in order to ensure the stabilization of the plug, 
it is advisable to utilize a system of reinforced 
fibers suitable for teeth splinting. In the unlikely 
event that the composite resin plug becomes 
mobile, it should then be removed, thoroughly 
cleaned and immediately re-bonded in place.

The cervical composite resin plugs pre-
sented in this report were fabricated with the 
use of Cervico system (VP Innovato Holdings 
Ltd, Lemessos, Cyprus). This system is specifi-
cally designed for the evaluation and manage-
ment of the soft tissue around dental implants.

Similar plugs could potentially be fabricated 
by a dental technician or even by the operator 
himself, indirectly on a study model; However, we 
strongly suggest avoiding the fabrication of the 
plugs directly into the extraction site. The cured 
composite resin will release monomer substances 
that have been shown to have a cytotoxic and/or 
genotoxic effect on the cells present in the area.,,  
The unknown short-term and long-term effect that 
this could have on the patients’ health retracts 
from this off-label use of composite resin materi-
als for the application of the proposed protocol., 

This case report provides evidence that with 
the CSP technique, the final goal of the pro-
posed treatment could be achieved. The fact that 
the soft and hard tissue anatomy was well pre-
served in a case of two adjacent sites, strongly 
validates its efficacy for single sites as well., 

Prospective, randomized, con-
trolled clinical trials are needed in order 
to thoroughly evaluate the efficiency and 
validity of the proposed protocol, before its appli-
cation on a regular basis can be recommended. l 
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Background: Various osteoinductive and osteo-
conductive bone grafts have been used for ridge 
augmentation. Osteoconductive bone grafts such 
as bovine bone, allografts, and alloplasts have 
widely been utilized for reconstruction of alveo-
lar defects. However, xenogenic porcine grafts 
are not frequently used for ridge augmentation. 
This study investigated the clinical efficacy of 
porcine-derived xenografts in ridge augmentation.

Methods: Sticky porcine bone substitute 
was grafted in alveolar defects with and with-
out simultaneous implant placement for 
three-dimensional (3D) ridge augmentation. 

Results: Favorable ridge augmentation was 
observed when porcine bone grafts and 
concentrated growth factor/collagen bar-
rier membranes were used in bony defects.

Conclusions: Histological and clinical find-
ings revealed favorable new bone formation 
following use of porcine bone grafts in ridge 
augmentation. Further studies are needed 
to evaluate the long-term stability of porcine-
derived xenografts in augmented ridges.

Simplified Three-dimensional Ridge Augmentation 
using a Deproteinized Porcine-derived Bone Graft: 

A Case Series 
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INTRODUCTION
Atrophic alveolar bone with a large defect is 
a challenging location for dental implant-sup-
ported restorations due to esthetic and func-
tional demands. Thus, the use of bone grafts is 
required. Bone grafting in bony defects is required 
for ridge reconstruction prior to implant place-
ment.1,2  Alveolar defects are grafted with osteo-
inductive bone grafts or osteoconductive bone 

substitutes to preserve space for new bone for-
mation during healing.3–6 Autologous bone grafts 
are widely considered the gold standard for the 
reconstruction of bony defects because of the 
osteoinductivity, osteoconductivity, and osteo-
genic capacity of this material.7,8  However, limi-
tations include morbidity at a second surgical 
site, prolonged surgical time, increased post-
operative discomfort, and unpredictable bone 

Figure 1:  Preoperative radiograph showing a severe 
alveolar defect on the right maxillary molar implant.

Figure 2:  Bony defect observed after removing a failed 
implant.

Figure 3:  Large bony defect observed after placement of 
two implants (on second premolar and second molar sites).

Figure 4:  Sticky porcine bone (Bone-XP, MedPark) grafted 
on a 3D alveolar defect after placement of implants.
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Figure 5:  As an alternative to a collagen barrier membrane, 
a concentrated growth factor membrane was placed over 
the bone graft to accelerate wound healing. 

Figure 6:  Postoperative radiograph showing bone grafting 
on the defect.

Figure 7:  Favorable ridge augmentation observed on the 
bony defect after 6 months of healing.

Figure 8:  Final zirconia restoration delivered after 2 
months of provisional restoration loading.

Figure 9:  Periapical radiograph of final 
restoration revealing a well augmented ridge.
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resorption.9–12 To overcome these disadvantages, 
various osteoconductive bone substitutes have 
been successfully used for ridge and sinus aug-
mentation.13–16  Among bone substitutes, bovine-
derived xenografts have frequently been used for 
successful reconstruction of an atrophic alveolar 
ridge. Porcine-derived xenografts were introduced 
in implant dentistry several years ago, but their 
clinical utilization is not widely known.17,18  This 
report describes successful 3D ridge augmen-
tation using a deproteinized porcine bone graft.

CASE 1
A 63-year-old man exhibited discomfort and pus 
discharge on his right maxillary posterior area. 
An implant in the second molar area had been 
removed 3 years prior; he had no other signifi-
cant medical history. The patient continued to 
experience discomfort in the right upper first 
molar implant area, and the implant fixture was 
easily extracted after removal of the prosthesis. 
He visited our department again to receive an 
implant-supported restoration in the edentulous 

Figure 10:  Photomicrograph showing specimen 1 stained 
by hematoxylin and eosin (a, b) and Masson’s Trichrome 
(c, d) stains. Boxed areas (a, c) are shown at higher 
magnification in (b) and (d), respectively. Partial newly 
formed bone is present on the surface of porcine bone 
particles. Newly formed bone is thick and contains many 
osteocytes. N; newly formed bone, MPb; Porcine bone, a, c: 
(x12.5); b, d: (x100). 

Figure 11:  Photomicrograph showing specimen 2 stained 
by hematoxylin eosin (a, b) and Masson’s Trichrome (c, d) 
stain. Boxed areas (a, c) are shown at higher magnification 
in (b) and (d), respectively. Newly formed bone is present 
on the surface of porcine bone particles; connective tissue 
is present around the newly formed bone and porcine 
bone particles. Activation of collagen fibers is present 
around porcine bone particles. N; newly formed bone, Mpb; 
Porcine bone. a, c: (x12.5); b, d: (x100).
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vertical and horizontal defects were revealed 
after elevation of a full-thickness mucoperios-
teal flap. Under-osteotomy was performed at the 
second premolar and second molar implant sites 
to achieve initial implant stability; then 4.1 mm 
wide × 11.5 mm high and 4.7 mm wide × 11.5 

Figure 12:  Periapical radiographs showing periimplantitis 
on first and second premolar implants after 5 years of 
loading. The first premolar implant was removed.

Figure 13:  Periapical radiographs showing periimplantitis 
on the lower left first molar implant after 9 years of loading. 
This failed implant was removed and two new implants 
were placed on the first and second premolar sites on the 
same day.

Figure 14:  Implant platform was placed 1 mm deep to the 
proximal canine bone crest.

right posterior maxilla after 3 months of healing. 
The surgical procedure was performed under 
local anesthesia (2% lidocaine with epinephrine 
1:100,000) after intravenous injection of antibiot-
ics (Flomoxef, Flumarin®, Ildong Pharm, Korea), 
at 3 months after prosthesis removal. Severe 
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Figure 15:   Two 2 mm high tenting abutments were 
positioned on the implant platform to allow over- grafting 
for 3D bone augmentation on bony defects around the 
implants.
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Figure 16:  Sticky porcine bone mixed with autologous 
fibrin glue was grafted on the defect.

Figure 17:  Two concentrated growth factor membranes 
were placed over the bone graft to accelerate wound 
healing.

Figure 18:  Postoperative radiograph showing bone grafts 
over the implant platform and bony defect.

Figure 19:  Favorable vertical augmentation observed 
over the implant platform and bony defect after 3 months 
of healing. Bone grafts were well maintained during the 
healing period.

mm high implants (Tapered Screw-Vent®, Zim-
mer Dental Inc., Carlsbad, CA, USA) were placed 
on the upper right second premolar and second 
molar areas, respectively. Venous blood was taken 
from the patient’s forearm to generate autologous 
fibrin glue and concentrated growth factor (CGF) 

membrane for ridge augmentation. Deproteinized 
cancellous porcine bone (0.5 g; BONE-XP, Med-
Park, Busan, Korea) was mixed with autologous 
fibrin glue (AFG) to generate a sticky bone graft, 
as described by Sohn et al.19 Sticky porcine bone 
was grafted to the bony defects for 3D ridge aug-
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Figure 20:  Radiograph after delivery of the final 
restoration showing a well-augmented ridge.

Figure 21: . Preoperative cross-sectional cone beam 
computed tomography image reveals horizontal ridge 
deficiency on the right posterior mandible. Right: first 
premolar, left: first molar.

Figure 23:  Bony defects were verified at the labial aspect 
of the extraction socket of the first premolar and site of 
the first molar. A tenting abutment was placed on the 
first molar implant to accommodate porcine bone graft 
of the bony defect around the implant for horizontal 
augmentation. A healing abutment was placed on the first 
premolar implant as a single-stage procedure.

Figure 22:  Clinical view showing severe horizontal bony 
defects on edentulous ridge.

mentation. As an alternative to a collagen barrier 
membrane, a concentrated growth factor mem-
brane was placed over the bone graft to acceler-
ate wound healing. Tension-free primary sutures 
were applied. Healing was uneventful; uncover-
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ing was performed after approximately 6 months 
of healing (9 months after the prosthesis removal). 
Favorable 3D ridge augmentation over the implant 
platform was achieved. Two 3 mm wide trephine 
core samples were obtained from the augmented 
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Figure 24:  Sticky porcine bone was grafted over bony 
defects. A resorbable collagen membrane was placed over 
the bone graft.

Figure 25:  Postoperative radiograph shows bone graft 
around implants.

Figure 26:  Periapical radiograph reveals augmented ridge 
after 3 months of healing.

Figure 27:  Favorable horizontal ridge augmentation 
observed after 3 months of healing on cross-sectional cone 
beam computed tomography image. Left: first premolar 
implant, right; first molar implant.

ridge between two implants and submitted for 
light microscopy. Two months after the stage II 
surgery (11 months after prosthesis removal), the 
final restoration implant was placed (Figures. 1–9)

Tissue preparation and  
histomorphometric analyses
The two extracted specimens were immediately 
fixed in neutral buffered formalin (NBF) for 24 h 
and washed with 0.1 M phosphate buffer solu-
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Figure 28:  Periapical radiograph after delivery of final 
restoration.

tion, then decalcified in 10% formic acid for 10 
days. The specimens were embedded in paraf-
fin (Paraplast; Oxford, St. Louis, MO, USA) and 
sliced into serial sections 5 µm thick. The speci-
mens were stained with hematoxylin and eosin 
and Masson’s Trichrome stains, then examined 
by light microscopy for newly formed bone and 
changes in soft tissue. The stained specimens 
were photographed using the AxioCam MRc5 
(Carl Zeiss, Jena, Germany) interfaced with 
the Axiophot Photomicroscope (Carl Zeiss); 
the AxioVision SE64 program (Carl Zeiss) was 
used for analyses. The following histomorpho-
metric measurements were made: total speci-
men area, newly formed bone area, porcine 
bone particle area, and connective tissue area. 

No signs of inflammation were found in any 
stained specimens under light microscopy. The 
grafts were lightly stained and well differentiated 
from surrounding tissue in both staining proce-
dures. Newly formed bone or woven bone was 
stained red and blue color, and collagen was 

stained blue color in MT stain (Figures 10, 11). 
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Some newly formed bone was present on the 
surface of porcine bone particles; blood vessels 
and soft tissue with osteoblasts were observed 
around newly formed bone in specimen 1. The 
newly formed bone was thick and contained 
many osteocytes. The proportion of newly formed 
bone to the total specimen area was 40.3%; the 
proportions of porcine bone particle area and 
connective tissue area were 17.8 and 41.9%, 
respectively. Substantial new bone formation was 
therefore observed in specimen 1 (Figure 10). 

In specimen 2, newly formed bone was 
observed on the surface of porcine bone par-
ticles; connective tissue was observed around 
the newly formed bone and porcine bone par-
ticles. The new bone had many osteocytes. 
Activation of collagen fibers was observed 
around porcine bone particles. The propor-
tions of newly formed bone, porcine bone par-
ticle area, and connective tissue area to the 
total specimen area were 22.9%, 23.1%, and 
54.0%, respectively. There was a relatively 
large amount of connective tissue (Figure 11).

CASE 2
A 58-year-old woman visited our department 
with a complaint of intermittent dull pain around 
implants placed 5 years prior. Radiographic 
and clinical examinations revealed periimplanti-
tis on the lower left first premolar implant. This 
failed implant was removed and we recom-
mended implantation in the lower left first pre-
molar area. However, the patient refused due 
to financial burden. She returned to our depart-
ment nearly 4 years later because she experi-
enced gingival swelling and pain in the area of 
the lower left first molar implant. Removal of the 
lower left first molar implant and simultaneous 
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placement of implants in the first and second 
premolar sites were planned. Two months after 
the patient returned with the new complaints, the 
surgery was performed under local anesthesia 
after intravenous administration of preoperative 
antibiotics (Flomoxef, Flumarin®, Ildong Pharm). 
Venous blood was taken from the patient’s fore-
arm to generate autologous fibrin glue and con-
centrated growth factor membrane. Inflammatory 
tissue around the bony defect was completely 
removed via piezoelectric bone surgery. Two 
implants (Biotem Implant Co., Busan, Korea) were 
placed in the lower first and second premolar 
areas. The platforms of the implants were placed 
1 mm deep to adjacent proximal canine bone.

The initial stability of both implants was 
>50 N·cm Two tenting abutments (2 mm high; 
SANTA®, Biotem Implant Co.) were applied on the 
implant platform to allow over-grafting for 3D ridge 
augmentation over the implant platform and bony 
defect. Sticky porcine bone (BONE-XP, Med-
Park, Busan, Korea) was grafted over the implant 
platform and bony defect. Concentrated growth 
factor membranes were placed over the bone to 
accelerate wound healing, as an alternative to a 
collagen barrier. An uncovering procedure using 
an apically repositioned flap was performed after 
approximately 3 months of healing. Favorable 3D 
ridge augmentation was revealed by radiography. 
A final zirconia-based restoration was delivered

CASE 3 
A 72-year-old woman was referred to our depart-
ment for rehabilitation of her edentulous alveolar 
ridge. She was missing the lower right second 
premolar, first and second molars, and lower right 
first premolar. The surgical procedure was per-
formed under local anesthesia after intravenous 

administration of preoperative antibiotics (Flo-
moxef, Flumarin®, Ildong Pharm, Korea). A full-
thickness flap was raised to expose the implant 
site. A bony ridge was revealed, approximately  
2 mm wide. Particulate porcine bone graft 
(BONE-XP, MedPark, Busan, Korea) was mixed 
with autologous fibrin glue to generate sticky 
bone graft. Two implants (4.5 mm wide × 13 
mm high and 5.0 mm wide × 10 mm high; Point 
Implant, Seoul, Korea) were placed on the right 
first premolar and first molar areas, respec-
tively. The initial stability of both implants was 
>50 N·cm Cortical perforation was performed 
on the edentulous area. A tenting abutment (1 
mm high × 6 mm wide; SANTA, Biotem Implant 
Co., Busan, Korea) was placed on the first molar 
implant platform for maintenance of the bone 
graft over the implant platform during the heal-
ing period. A healing abutment was applied on 
the lower right first premolar area as a single-
stage procedure. Sticky porcine bone graft was 
placed on the bony defects around the implants. 
A resorbable collagen membrane (Colla D, Med-
Park, Busan, Korea) was placed over the bone 
graft for stabilization. Cone beam computed 
tomography (CBCT) showed favorable 3D aug-
mentation after 3 months of healing. An api-
cally repositioned flap was utilized to expose the 
implants. A provisional restoration was delivered  
1 week after suture removal. A final zirconia-based 
fixed restoration was delivered after 2 months of 
provisional restoration loading (Figures 21–28).

DISCUSSION AND 
CONCLUSION

Bone graft materials play an important role in 
reconstruction of atrophic edentulous ridges. Vari-
ous types of bone grafts available include autog-



enous grafts, allografts, and xenografts. The best 
graft material is autogenous bone because it 
has both osteoinductivity and osteoconductivity. 
However, harvesting these is disadvantageous 
in terms of patient morbidity.12 Osteoconduc-
tive bone substitutes such as xenograft, allograft, 
or synthetic bone have been widely utilized for 
regeneration of bone defects because second 
donor sites are unnecessary. Xenogeneic bovine 
bone has been widely used to help create space 
for bone regeneration. Deproteinized bovine 
bone has seen favorable clinical results in bone 
regeneration.20 However, it can transmit spongi-
form encephalopathies to humans.21 Deprotein-
ized cancellous porcine bone has physiological 
characteristics similar to those of human bone 
and carries a low risk of cross-contamination with 
animal diseases.22 Porcine bone shows favorable 
bone-regeneration characteristics, similar to those 
of bovine bone.22 Compared to bovine bone, the 
crystalline structure and calcium/phosphate ratio 
of porcine xenografts are more similar to human 
bony tissue.23,24 Porcine-derived bone grafts have 
been successfully used for bone regeneration in 
atrophic alveolar ridges and pneumatized maxillary 
sinus augmentation.25,26 Porcine bone graft place-
ment in the human maxillary sinus results in new 
bone around most of the bone graft and no histo-
logic evidence of inflammation on grafted bone.25 
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Clinical analyses of xenogeneic porcine bone graft 
in human alveolar defects have revealed favor-
able vertical and horizontal bone gain; histological 
analyses have revealed active bone regeneration 
between graft particles without inflammatory reac-
tion.26 Graft biodegradation plays an important 
role in promoting new bone formation.27 Porcine 
bone grafts in human bony defects for ridge aug-
mentation aid bone strengthening and remodeling 
over time, in contrast to bovine bone grafts.28,29 
Our histologic examinations revealed that depro-
teinized porcine bone was well incorporated 
with newly formed thick bone on the surface of 
the porcine bone particles, and that blood ves-
sels and soft tissue with osteoblasts were pres-
ent. A high percentage of new bone formation 
was observed; however, biodegradation was 
absent, which suggests a short healing period. 
These findings demonstrate that deproteinized 
cancellous porcine bone has good biocompat-
ibility and osteoconductivity. Long-term follow-
up studies are needed to evaluate the stability 
of porcine bone grafts in augmented ridges. l
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Background: Various bone grafting substi-
tutes have been used in the periodontics for 
bone regeneration which include autografts, 
allografts, xenografts and alloplasts. Autog-
enous particulate dentin has been used suc-
cessfully as a bone grafting substitute. The aim 
of present study was to evaluate the effect of 
demineralized and mineralized freeze-dried bone 
allograft and particulate dentin on osteoblasts-
like cells and human periodontal fibroblasts.

Methods: Demineralized freeze-dried bone 
allograft (DFDBA) and freeze-dried bone 
allograft (FDBA) and ground dentin was used 
in the study. Particulate dentin was divided into 
four groups according to the size of the parti-
cles and demineralization - small dentin (particle 
size less than 200 µm), small dentin demineral-
ized, large dentin (particle size 250-1200 µm), 
large dentin demineralized. Effect of all the 
specimens was checked on osteoblast-like cells 

(MG63) and human periodontal ligament cell 
lines. Percentage of surviving cells was mea-
sured using colorimetric MTT assay spectro-
photometrically on 7th and 14th day of the cell 
culture. Scanning electron microscopy (SEM) 
was used to check the cellular attachment.

Results: Demineralized dentin matrix has shown 
significantly enhanced viable cell percentage 
for both the cell lines. DFDBA and demineral-
ized dentin has reported comparable percent-
age of surviving cells. Dentin seems to be more 
compatible with osteoblasts-like cells than 
fibroblast. FDBA has shown the least favor-
able results. Cellular attachment for both the 
cell lines can be appreciated on SEM images. 

Conclusion: Demineralized particu-
late dentin has reported considerable 
percentage of cell viability making it a rea-
sonable option for bone grafting substitute.   

Evaluation of Human Periodontal Ligament 
and Cell Attachment and Viability on  

Particulate Bone and Dentin Allografts
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INTRODUCTION
Periodontal diseases are one of the prime rea-
sons behind loss of alveolar bone and a resul-
tant loss of teeth.1 Regenerative periodontal 
therapy has revolutionized the field of dentistry. 
Various bone grafting materials are being used 
for the purpose of regeneration of alveolar bone 
which has been lost due to periodontitis. Auto-
grafts are the bone obtained from the same 
patient and implanted at the desired site. They 
are considered to be the gold standard because 
of lack of antigenicity and great osteogenic, 
osteoinductive and osteoconductive poten-
tial.2,3 The use of autografts is limited because 
of the requirement of second surgical proce-
dure, donor site morbidity, potential complica-
tions and risk of infection and limited availability. 
Allografts such as mineralized freeze-dried bone 
allografts (FDBA) and demineralized freeze-
dried bone allografts (DFDBA) have shown 
positive results in cases of regenerative ther-
apy and preservation of alveolar ridge.4,5 Draw-
backs of FDBA and DFDBA include patient 
acceptance, antigenicity, and the possibility 
of disease transmission. Other bone grafting 
substitutes are xenografts and synthetic bone 
grafting materials known as alloplasts. Osteo-
genic potential and osteoinductive properties 
of these graft materials are still in question.6 

Patients are becoming increasingly aware 
of dental procedures and have started con-
sidering the importance of natural dentition 
and many times they opt for dental implants to 
replace the missing teeth. It is essential to pre-
serve the height and width of an alveolar ridge 
for future planning of dental implants. The qual-
ity and quantity of alveolar bone are important 
factors in determining physical and aesthetic 

success in implant therapy. Numerous bone 
grafting materials and techniques have been 
adopted to achieve the goal of regeneration, 
ridge augmentation, and ridge preservation.7 

Many commercially available bone grafting 
materials have issues related to cost, making 
it difficult for several practitioners to use bone 
grafts in a day to day practice. Human dentin 
has similar composition as that of bone. Den-
tin is composed of 70% mineral, 20% organic 
matrix and 10% water by weight.8 It contains 
bone morphogenetic proteins (BMPs)9, insu-
lin-like growth factors (IGFs) I and II and fibro-
blasts growth factor (FGF).10 Use of dentin 
as an autograft was first reported in 2003 for 
maxillary sinus augmentation in a clinical case 
report.11 Various studies have shown positive 
results for bone regeneration when particulate 
dentin is used as a novel bone grafting sub-
stitute. Animal studies in which demineral-
ized dentin is used as a xenograft have shown 
bone regeneration.12 Autogenous demineral-
ized dentin matrix (DDM) has been success-
fully used as bone grafting substitute in last 
decade.13 Many times we come across the 
condition where extraction of teeth is indicated 
prior to full mouth rehabilitation. If we can use 
these teeth, which would be discarded, for 
ridge preservation and augmentation, that will 
be the most biocompatible, innovative and cost-
effective option for bone grafting.14  The aim of 
the present in vitro study is to check the effect 
of particulate dentin on human osteoblast-
like cells (MG63) and periodontal fibroblasts 
growth culture and compare it with DFDBA and 
FDBA. Scanning electron microscopy and light 
microscopy is used for enhanced visualization. 
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METHODS
Preparation of study material
Commercially available demineralized freeze-
dried bone allograft (DFDBA), freeze-dried bone 
allograft (FDBA) and powdered dentin were 
used in the study as study material. DFDBA and 
FDBA (Surgical EstheticsTM, Northridge, Califor-
nia) with particle size 250-1,000 µm were used 
in the study. Particulate dentin was obtained 
from extracted teeth. Periodontally compro-
mised, non-treatable, non-carious teeth and 
teeth which were indicated for extraction orth-
odontic purposes were used in the study. After 
extraction teeth were thoroughly cleaned and 
soft tissue attachment was removed using ultra-
sonic instrumentation. Teeth were decoronated 
using a diamond disc. The remaining portion of 
the teeth was ground using the Smart Dentin 
Grinder (KometaBio) to obtain dentin powder of 
particle size 200-1,200 µm. Particulate dentin 
was subjected to a series of chemical treatment 
for proper cleansing and sterilization. Powdered 
dentin was washed using a cleansing solution 
i.e. 0.5 M of NaOH and 20% ethanol for 10 min-
utes. Excess solution was absorbed using gauze 
and cleansed dentin particles were washed in 
phosphate buffered saline (PBS) solution for 
3 minutes. Half of the specimens underwent a 
process of partial demineralization. They were 
treated using 17% ethylene diamine tetra-acetic 
acid (EDTA) for 2 minutes. Demineralized den-
tin particles were washed with PBS three times 
for 3 minutes to remove excess EDTA. Particu-
late dentin then divided into four groups accord-
ing to the size and mineralization of dentin i.e. 
small dentin (particle size less than 200 µm), 
small dentin demineralized, large dentin (particle 
size 250-1,200 µm), large dentin demineralized.

34   •   Vol. 12, No. 1   •   March 2020

Cell lines
Human periodontal ligament cell line and human 
osteosarcoma cell line (MG63) as a substi-
tute for osteoblasts15 was procured from 
National Centre for Cell Sciences, Pune, India. 
The cell lines were cultured in Dulbecco Modi-
fied Eagle Medium (DMEM) with low glucose 
(Cat No-11965-092). The medium was enriched 
with 10% heat-inactivated fetal calf serum 
(FBS) (Gibco, Invitrogen) Cat No -10270106 
and 1% Antibiotic-Antimycotic 100X (Thermo 
Fisher Scientific) Cat No-15240062 solution.

Cell culture
Both the bone grafts and chemically treated 
ground dentin were weighed to obtain the study 
samples of 50 mg each using electronic preci-
sion balance. Eight specimens of each group of 
study material were used. Half of the samples 
were used to check cell activity by 3-(4,5-dimeth-
ythiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
(MTT) assay. From the remaining half samples, 
two sets of samples were used for light micros-
copy (Inverted microscope, Model-TCM 400, 
Magnification 20x, Labomed, USA) and two sets 
for scanning electron microscopy (SEM).  They 
were aseptically transferred to 24 well plates 
in a laminar hood. The wells were named and 
numbered prior for proper identification and 
to avoid confusion. The study specimens were 
irradiated by UV rays for 30 minutes to assure 
proper sterilization.  The cells (human periodon-
tal ligament cell line and human osteosarcoma 
cell line - MG63) were seeded at a density of 
approximately 2×103cells/ well in a 24-well flat-
bottom microplate and maintained at 370C in 
95% humidity and 5% CO2 for overnight. Con-
trol wells contained the same cell suspension 
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except the study materials and underwent similar 
treatment as that of test groups. Transfer of graft 
materials into the wells and seeding of cells on 
the study samples were carried out inside the bio-
logical safety cabinet. The cells were incubated 
for 7 and 14 days and every alternate day fresh 
media was added. Bone grafts acted as a scaf-
fold on which the cellular growth was analyzed. 

Cell viability evaluation
Viability and survival of the seeded PDL cells and 
osteosarcoma cells were evaluated using yel-
low MTT assay. After incubation, specimens in 
the wells were washed twice with phosphate 
buffer solution and 20 µL of the MTT staining 
solution (5mg/ml in phosphate buffer solution) 
was added to each well. Specimens were incu-
bated at 370C for four hours. Di-methyl sulfoxide 
(DMSO) 100 µL was added to each well to dis-
solve the formazan crystals, and absorbance was 
recorded with a 570 nm using microplate reader. 

Principle of MTT assay
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide) tetrazolium reduction assay 
was the first homogeneous cell viability assay 
which determines the cell activation in the cell 
culture independent of cell proliferation. Viable 
cells with active metabolism convert MTT into a 
purple colored formazan product with an absor-
bance maximum near 570 nm (Figure 1). When 
cells die, they lose the ability to convert MTT into 
formazan, thus color formation serves as a use-
ful and convenient marker of only the viable cells. 
Cell culture without any study material was con-
sidered as a normal control and their viability was 
standardized to 100% and readings from test 
groups compared with the control colorimetrically.

Percentage of viable cells was calculated by 
using the formula
Surviving cells (%) = Mean OD of 
test compound/ Mean OD of Nor-
mal control × 100 (OD- optical density). 

Specimen preparation for scanning electron 
microscopy (SEM)
Previously prepared two sets of specimens and 
cell cultures using the same procedure motioned 
above were used for SEM. But MTT assay was 
not performed on them. After incubation of 7 
and 14 days, the cells were fixed to visualize 
them under the scanning electron microscope.  
Bone grafts with cultured cells were washed 
with PBS three times. They were fixed in 2.5% 
glutaraldehyde for 15-20 minutes. Specimens 
were washed using PBS three times and dis-
tilled water once. These treated samples were 
soaked for 5 minutes at room temperature con-
secutively in absolute ethanol (20%, 50%, 75%, 
90%, and 100%) in distilled water. The speci-
mens were observed under SEM after drying.

RESULTS
MTT assay results
All the specimens which were used in the study 
had a particle size ranging from 250-1,000 µm 
except for small dentin group which was less 
than 200 µm. The mean percentage of surviv-
ing cells was calculated using colorimetric MTT 
assay and it is described in Table 1. Cell culture 
without any test material was used as normal 
control (NC) with a percentage of surviving cell 
standardized to 100%. None of the study mate-
rials has reported cytotoxicity. Demineralized 
dentin matrix has shown significantly positive 
results for both the cell lines (Figure 1). Dentin 
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seems to be more compatible with osteoblasts-
like cells than fibroblast cells. Highest readings 
were recorded with osteoblasts-like cell lines 
in case of demineralized small dentin particles. 
Demineralized dentin particles have shown a 
greater percentage of viable cells than non-
demineralized specimens. Percentage of surviv-
ing cells decreased from 7th day to 14th day 
for osteoblasts-like cells for all the test materi-
als except for partially demineralized dentin. No 
significant difference was reported even after 
14 days for demineralized dentin (Table 1).

DFDBA displayed good compatibility with 
both the cell lines and intermediate results. 
Mean percentage of surviving cells was more 

Table 1:  Mean of percentage of surviving cells for osteoblasts-like 
cells and periodontal ligament fibroblasts cell cultures.

Mean of Active Cellular Activity %

MG63-osteoblasts Peridontal ligament 
like cell line fibroblasts cell line

No Test Material Particle size 7th day 14th day 7th day 14th day

Normal control (NC) - 100.00 100.00 100.00 100.00

 1 DFDBA 250-1000µm 137 123 127 125

 2 FDBA 250-1000µm 107 91 111 120

3 Dentin large 220-1200µm 128 117 103 105

4 Dentin large 220-1200µm 137 136 110 110 
demineralized

5 Dentin small < 200µm 146 120 110 111

6 Dentin small < 200µm 149 147 128 113 
demineralized

Figure 1:  Purple color of study cultures due to formation of 
formazan product.
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than FDBA, large dentin particles, and miner-
alized small dentin specimens but less than 
demineralized small dentin specimens. FDBA 
has shown the least favorable results over-
all and significantly decreasing cell viability 
was reported at the time of subsequent read-
ings. Although it is difficult to produce sta-
tistics due to limited sample size, a definite 
trend is clearly understandable. After analyz-
ing the data, it seems that dentin was interact-
ing positively with osteoblasts and not so with 
fibroblasts indicating differential interaction. 
The other substrates were indifferent to cells.

Spindle-shaped morphology of both the 
cells lines could be appreciated in light micro-
scopic images. Fibroblasts looked smaller 

and slender than osteoblasts with more cyto-
plasmic processes. Osteoblast-like cells 
were clustered together whereas fibro-
blasts appeared to be dispersed (Figure 2).

SEM observations
Partial demineralization has improved the sur-
face structure and porosity of dentin speci-
mens which can be clearly seen on SEM 
images (Figure 3). Noticeable organic mat-
ter indicative of clusters of cells was detected 
in dentin specimen groups. Microporosities 
and open dentinal tubules were seen in the 
images of demineralized dentin specimens (Fig-
ure 4). Higher magnification images of demin-
eralized dentin particles have shown cellular 

Figure 2:  Light microscopic images of osteoblast-like cells (right) and fibroblasts (left) seen in dentin group.
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attachment of both periodontal fibroblasts a nd 
osteoblast-like cells (Figurea 5 and 6).  Micro-
cracks and Haversian system was seen in 
FDBA and DFDBA specimens along with dis-
persed organic matter (Figure 7). Osteoblasts 
like cells and periodontal fibroblasts a ttach-
ment were visible on demineralized small dentin 
and DFDBA. Considerably less organic matter 
was detected in the FDBA group.  (To check 
the active cellular attachment and observe the 
viable cells we need to carry out environmen-
tal SEM and other attachment assays which 
was not possible for us due to unavailabil-
ity of advanced laboratory support. The SEM 
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used in this study was meant to observe the 
surface characteristics of the material. We 
had to fix the cells after 7th and 14th day of 
the culture for SEM. The process of fixation 
caused some alterations and most of the cells 
formed flat layer and got adhered to the base 
of wells and fewer cells got attached to study 
materials. We were not able to see morpho-
logical features of all the cells as they formed 
clumps. We carried out an extensive search to 
identify attached cells on the test materials.)

Figure 3:  Graph showing mean of percentage of surviving cells for osteoblasts-like cells and periodontal ligament fibroblasts 
cell cultures for all the test materials. (Normal control – 100%)
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Figure 4:  Partially demineralized dentin showing open dentinal tubules, microporosities and cellular components at lower 
and higher magnification.

Figure 5:  Periodontal fibroblast attachment on 
demineralized small dentin.

Figure 6:  Osteoblasts-like cells attachment on 
demineralized small dentin.

DISCUSSION
The aim of the present study was to analyze 
and compare the effect of demineralized freeze-
dried bone allograft (DFDBA), freeze-dried bone 
allograft (FDBA) and ground dentin on osteo-

blasts-like cells (MG63) and periodontal fibro-
blasts in a growth culture. Colorimetric MTT 
assay was used to check the viability of cells. 
Only metabolically active cells can reduce MTT 
to solubilized formazan which was measured 
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Figure 7:  Organic cellular matrix seen on the surface of 
DFDBA (MG63 cell line).

using spectrophotometer. Hence, the number 
of viable cells would be directly proportional to 
the intensity of the purple color obtained after 
the reduction reaction.16 The results acquired 
from this study can be discussed accord-
ing to the differences in particle sizes, type 
of graft material and presence or absence 
of demineralization. Overall results for all the 
test materials were favorable except mineral-
ized bone allograft i.e. FDBA in which reduced 
percentage of viable cells was reported. 

Human bone and dentin possess similar 
characteristics and composition. Dentin con-
sists of 70% mineral, 20% organic matrix and 
10% water by weight and 45%, 33% and 22% 
by volume, respectively. The organic portion 
of dentin mainly composed of type I collagen 
up to 95% and type III collagen.9 Presence of 
bone morphogenetic proteins (BMPs) in den-
tin was first r eported b y U rist i n 1 965.17 V ari-
ous growth factors including transforming 

growth factor (TGF)-β, insulin-like growth fac-
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tors (IGF) I and II, platelet-derived growth fac-
tor (PDGF), and fibroblast growth factor (FGF) 
are reported in the dentin matrix.11 Dentin also 
contains non-collagenous proteins such as 
osteocalcin, osteonectin and dentin phospho-
protein. BMP’s18 and growth factors are known 
to induce the osteogenic potential in mesen-
chymal stem cells and contribute major role in 
the bone mineralization process.10 The inor-
ganic portion of dentin consists of hydroxyapa-
tite crystals. Dentin is more phosphorylated 
than bone. These phosphophoryn are related 
to mineralization front. (Dentin phosphopro-
tein, or phosphophoryn, is one of three pro-
teins formed from dentin sialophosphoprotein 
and is important in the regulation of mineraliza-
tion of dentin)19 All these osteoinductive and 
osteoconductive properties of dentin make it 
a viable option for bone grafting substitutes.20

The particle size of the bone graft material 
influences the effectiveness of the bone graft. 
It plays a major role in anchorage-dependent 
cell proliferation and differentiation. DFDBA 
and FDBA which were used in the study had a 
particle size of 250-1000 µm. Particulate den-
tin was divided into two groups according to 
particle sizes. Powdered dentin with a particle 
size of 250-1200 µm was categorized into large 
dentin particles and particles less than 200 µm 
into small dentin group. Studies have reported 
different results for the effective particle size 
of the graft materials. It was reported that 
smaller particle size (100-300 µm) enhanced 
bone formation for FDBA21 while DFDBA 
showed inhibition of bone formation when 
used in the form of small particles.22 Sampath 
and Reddi used smaller particle size (74-420 
um) graft material and reported bone differ-
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entiation in surrounding area histologically.23 

In this current study DFDBA, FDBA and 
ground dentin have a similar range of particle 
size. A comparison of cell survival on these 
materials showed that DFDBA has consistently 
shown the highest percentage of surviving cells. 
The results were comparable with the study 
done by Mellonig and Levy in 1984 in which 
they had reported more osteogenic potential 
of DFDBA with a particle size between 250-
1000 µm than particles below 250 µm.24 The 
present study reported that FDBA has shown 
the least favorable results. The reason could 
be attributed to the larger particle size used 
in the study. In case of small and large dentin 
specimens, smaller size specimens reported 
more viable cells. Limited studies are avail-
able in which osteogenic potential of particu-
late dentin is compared according to the size 
of the particles. Optimum particle size will 
provide a beneficial pore size that will, in turn, 
allow proper cell proliferation, attachment, and 
ingrowth of blood vessels.25 A recent study by 
Koga T. et al in 2017 has demonstrated the 
effect of degree of demineralization and par-
ticle size of dentin used as a bone graft on 
osseous regeneration.14 Partially demineralized 
dentin with larger particle size i.e. 1,000 µm 
had induced noticeably more bone regenera-
tion than mineralized and smaller particle size 
dentin. It should be noted that results obtained 
from in vitro studies cannot be directly applied 
to in vivo interpretations. In vitro studies are 
conducted in a sterilized environment and the 
body’s protective mechanisms are absent. 
On the contrary, in vivo studies on bone graft-
ing particles have to interact with inflammatory 
cells and other mechanisms. Smaller particle 

size graft will be subjected to strong macro-
phage activity in vivo and disintegrated quickly. 

Demineralization of bone allografts and 
particulate dentin has shown the enhanced 
osteoinductive potential of these materials. 
Demineralization causes exposure of BMP’s 
and collagen fibers. Both have the capac-
ity to induce bone regeneration. The only cell 
type which has the capacity to transform into 
another normal cell phenotype is mesenchymal 
fibroblasts. The fate of these connective tissue 
fibroblasts can be change to chondroblasts or 
osteoblasts by exposing them to demineral-
ized tooth and bone.26 Like many other stud-
ies, the present study has also demonstrated 
more favorable results with demineralized den-
tin and bone allografts than non-demineral-
ized/mineralized specimens.14 On the other 
hand, using fresh mineralized particulate den-
tin in extraction sockets of mongrel dogs did 
not enhance the bone regeneration.27 A sig-
nificant finding was reported in case of demin-
eralized dentin group. All the test materials 
showed a decreased percentage of surviving 
cells for osteoblasts-like cells from 7th day to 
14th day of the cell culture but not demineral-
ized dentin group. Irrespective of the particle 
size, demineralized dentin showed a similar 
percentage of surviving cells on 7th as well as 
on 14th of the growth culture. Demineralized 
dentin matrix has been successfully used as an 
autogenous bone grafting substitute for sinus 
floor augmentation, socket, and alveolar ridge 
preservation, guided bone regeneration.28 Ani-
mal studies in which demineralized particulate 
dentin as used as an allogenic or xenogeneic 
bone graft material have reported promising 
results analogous to autogenous graft.29
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CONCLUSION
The present study has provided an overview 
of the effect of DFDBA, FDBA and particulate 
dentin on osteoblasts-like cells and periodon-
tal fibroblasts. Demineralized dentin matrix has 
a shown favorable effect on both the cell lines 
and enhanced cell viability. Demineralization 
and smaller particle size provided added advan-
tage and have shown more favorable results 

for both the cell lines for particulate dentin. 
More in vitro and in vivo studies are required to 
obtain predictable outcomes using various par-
ticles sizes and degree of demineralization. l
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Gingival recession and inadequate kera-
tinized tissue are prevalent problems 
encountered in dental practice and 

negatively impact prosthodontic and esthetic 
outcomes. Traditionally, gingival recession has 
been treated with numerous types of soft tis-
sue procedures, which include coronally posi-
tioned flaps, connective tissue grafts, lateral and 
pedicle grafts, as well as guided tissue regenera-

tion. These procedures are often lengthy, induce 
donor morbidity, and have poor patient accep-
tance because of post-operative pain. The semi-
lunar incision technique was introduced by Dr. 
Dennis Tarnow in 1985. The technique discussed 
in this article builds upon the basic principles of 
the semilunar incision technique with the intro-
duction of tricalcium phosphate, has a success-
ful prognosis, and is well accepted by patients.

Modified Technique for Root Coverage

Dr. Maged Iskaros1 • DR. Sejndi Rusi2

1. BDS, DDS, DICOI, NYUCD Clinical Instructor, New York, USA
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INTRODUCTION  
Gingival recession is a multifactorial and relatively 
common problem among patients. Newman et 
al. outlines numerous etiological factors for gin-
gival recession, which include gingival abrasion 
from improper tooth brushing, tooth malposition, 
gingival ablation, gingival inflammation, abnor-
mal frenum attachment, and iatrogenic dentistry.1 
Prior to performing esthetic periodontal surgery, 
it is important to identify the precise cause of the 
recession. For example, if the patient presents 
with an abfraction, the patient’s occlusion should 
be adjusted in addition to soft tissue augmenta-
tion. Gingival recession is a significant problem 
for dental practitioners, as patients may complain 
of increased sensitivity, caries, and unpleasant 

esthetics. The literature discusses many tech-
niques for the treatment of gingival recession, 
such as autogenous gingival grafts, autogenous 
connective tissue grafts, and pedicle autografts. 
In 1985, Tarnow described the utilization of a 
semilunar incision and coronally positioned flap to 
treat gingival recession.2 The technique described 
in this article encompasses the same basic prin-
ciples with the addition of tricalcium phosphate 
to increase the amount of attached gingiva.

TECHNIQUE 
One of the most significant parameters for a suc-
cessful case is patient selection; this procedure 
is most successful at achieving root coverage 
in patients that present with Miller Class I and 

Figure 1: Patient presents with Miller Class I defects on the 
maxillary right first and second premolar.

Figure 2:  Placement of 37% phosphoric acid on the area of 
recession.
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natives of the procedure and given the opportu-
nity to ask questions. The patient is anesthetized 
using local anesthesia. The root surface is scaled 
and debrided, and the surface is etched with 37% 
phosphoric acid. A semilunar incision is made fol-
lowing the contour of the gingival margin with a 
15c blade to the alveolar bone. An intrasulcular 
incision is made with a 15c blade along the gin-
gival margin, as well as a full thickness incision 
that extends from the free gingival margin to the 
semilunar incision; this allows for the maintenance 
of the interproximal papillae.2 Ideally, the tissue is 
positioned coronally to the cemento-enamel junc-
tion with a periotome, but this can be modified 
based on the amount of recession and position of 
the interproximal papilla.  The tissue is then held in 

Figure 3:  Semi-lunar incision made parallel to the gingival 
margin using a 15c blade.

select Class II defects.3 In patients presenting 
with more extensive gingival recession, the pro-
cedure can be repeated in stages, gaining root 
coverage with each attempt and eventually the 
desired end result. In the first phase of treatment, 
the patient is educated on proper oral hygiene 
instructions, and there is removal of calculus and 
root planning. If the patient has active periodontal 
disease, re-evaluation of the patient’s periodon-
tal health is completed in four to six weeks. The 
patient must demonstrate adherence to strict oral 
hygiene protocol and there must be an absence 
of inflammatory p  e riodontal d i sease b e fore p r o-
ceeding to phase two of therapy, the surgical 
phase. Prior to performing surgical therapy, the 
patient is informed of the risks, benefits, and alter-
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Figure 4:  Coronal displacement of the gingival tissue 
utilizing a periotome.
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Figure 5:  Placement of tricalcium phosphate which 
establishes hemostasis.

Figure 6:  The same patient from figure 1 approximately 
two weeks post-operatively.

Figure 7: The same patient approximately 4 weeks post-
operatively.

this new position for five to ten minutes using digi-
tal pressure. Tricalcium phosphate is then placed 
apical to the semilunar incision to increase the 
amount of attached gingiva and promote hemo-
stasis. The patient is given both written and verbal 
post-operative instructions. The patient is advised 
not to brush, examine, or touch the area dur-
ing healing for one to two weeks. The patient is 
then advised to take over-the-counter analgesics, 
such as acetaminophen or ibuprofen, before the 
anesthesia wears off and then as needed. Heal-
ing occurs by secondary intention and the patient 
returns for a post-operative follow up two weeks 
after the surgery. The procedure has a short sur-
gical time and does not require intra-oral donor 
tissue, which greatly reduces post-operative dis-
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comfort in comparison to traditional procedures 
that involve retrieving donor tissue from the pal-
ate. With this procedure, patients experience 
minimal to no post- operative discomfort and 
generally do not require analgesics or antibiotics.

DISCUSSION 
There are numerous indications for root coverage 
procedures including sensitivity and esthetics. 
Esthetics may range from recession on a natu-
ral tooth to a newly visible margin on a porcelain 
fused to metal crown. The semilunar coronally 
advanced flap with the utilization of tricalcium 
phosphate has numerous advantages over other 
techniques for root coverage. First, by utilizing a 
conservative incision and maintaining the integ-
rity of the interproximal papillae, the blood supply 
is preserved. This significantly improves healing 
time and overall success of the procedure. Fur-
thermore, this technique does not require the use 
of sutures, which has multiple advantages: it mini-
mizes tissue trauma, maintains the integrity of the 
blood supply, and allows for faster healing. The uti-
lization of sutures in soft tissue augmentation pro-
cedures has multiple negative side effects, such 
as post-operative tissue shrinkage and acting as 
a reservoir for bacteria and food. This induces 
further inflammation of the tissue and causes 
delayed healing. The additional use of tricalcium 
phosphate has numerous benefits. Carranza et 
al. explains that calcium phosphate materials are 
biocompatible and osteoconductive.1 As dem-
onstrated in this technique, tricalcium phosphate 
establishes hemostasis and functions as a scaf-
fold for wound healing.1 One of the overarching 
goals of soft tissue surgeries is to regenerate 
the lost periodontal attachment apparatus; many 
studies have demonstrated the usefulness of tri-
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calcium phosphate in these techniques. McGuire 
et al. compared the use of tricalcium phosphate 
and recombinant human platelet derived-growth 
factors with a coronally advanced flap to the tradi-
tional subepithelial connective tissue graft.4 While 
both techniques demonstrated clinical success in 
achieving root coverage, the growth-factor medi-
ated approach histologically demonstrated forma-
tion of cementum, connective tissue fibers, and 
supporting alveolar bone.4 The tricalcium phos-
phate dually functions as a graft and membrane, 
promotes the establishment of hemostasis, and 
leads to the development of keratinized tissue.

While this procedure has the best progno-
sis in cases that present with Miller3 Class I 
defects and select Class II defects, it can also 
be performed in patients with more extensive 
recession. In more severe cases, the procedure 
can be done multiple times, each time gain-
ing approximately 1-2 mm of gingival coverage 
until the desired gingival margin is achieved. It 
is important to note that this technique can be 
performed on a single tooth or two adjacent 
teeth simultaneously. Achieving root cover-
age on adjacent teeth using other techniques 
becomes more difficult due to donor site mor-
bidity, lack of blood supply, and predictability. 
Patient selection is crucial to the success of 
this procedure. Patients must demonstrate dili-
gent oral hygiene compliance to ensure a pre-
dictable outcome. Additionally, this technique 
is well accepted by patients and is a practice 
builder for many reasons. The procedure can 
be performed in approximately fifteen minutes 
and patients generally do not require analge-
sics or antibiotics. As there is minimum post-
operative discomfort, patients can engage in 
their daily activities with no impediment. l
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