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NobelActive equally satisfies 
surgical and restorative clinical 
goals. NobelActive thread design 
progressively condenses bone 
with each turn during insertion, 
which is designed to enhance initial 
stability. The sharp apex and cutting 
blades allow surgical clinicians 
to adjust implant orientation for 
optimal positioning of the prosthetic 

connection. Restorative clinicians 
benefit by a versatile and secure 
internal conical prosthetic connec-
tion with built-in platform shifting 
upon which they can produce 
excellent esthetic results. Based 
on customer feedback and  market 
demands for NobelActive, the
product assortment has been 
expanded – dental professionals will 

now enjoy even greater flexi bility 
in prosthetic and implant  selection. 
Nobel Biocare is the world leader 
in innovative evidence-based dental 
solutions. For more information, con-
tact a Nobel Biocare Representative 
at 800 322 5001 or visit our website.
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Familiar Confidence.
The infinity System allows you to place our implants with  
the familiar confidence you get from your existing system. 

Sensible Compatibility. 
Designed to work with your existing implant system, you have  
the flexibility to use your existing surgical drills, drivers, and  
prosthetics to place and restore the implant. 

Endless Opportunities.
You will notice one difference with the infinity Implant...pricing. We are committed to delivering a 
compatible implant at pricing that creates significant opportunities for both you and your patients. 

Give us a call today to experience infinity!
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Compressed

Expanded

NuOssXC™ the latest development in natural bone substitutes:
•	 Supports bone growth in periodontal and oral maxillofacial defects. 
•	 Is a composite grafting material comprised of mineralized de-proteinated bovine granules  

and purified type I bovine collagen.
•	 When placed into a bleeding site, the material expands to a predetermined size and shape.
•	 Available in sinus form and socket form, which is supplied pre-loaded in a delivery syringe.	
Features and Benefits:
•	 Expanding composite material allows for placement in a compressed form with self-expansion  

to fill the entire defect upon hydration.
•	 Simple implantation technique.
•	 Composite nature of the material enhances graft stability and minimizes particulate migration.
•	 Optimizes spacing between particulate to allow for bone ingrowth .
Expansion time:   
Immediately upon contact with blood source or by hydration with sterile saline after implantation.
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Laser-Lok 3.0 is the first 3mm implant that incorporates Laser-Lok technology to create a biologic seal and maintain crestal bone 
on the implant collar1. Designed specifically for limited spaces in the esthetic zone, the Laser-Lok 3.0 comes with a broad array of 
prosthetic options making it the perfect choice for high profile cases.
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1. Radiographic Analysis of Crestal Bone Levels on Laser-Lok Collar Dental Implants. CA Shapoff,  B Lahey, PA Wasserlauf, DM Kim, IJPRD, Vol 30, No 2, 2010. 
2. Implant strength & fatigue testing done in accordance with ISO standard 14801.
3. Initial clinical efficacy of 3-mm implants immediately placed into function in conditions of limited spacing. Reddy MS, O’Neal SJ, Haigh S, Aponte-Wesson R, Geurs NC. 
 Int J Oral Maxillofac Implants.  2008 Mar-Apr;23(2):281-288.
4. Human Histologic Evidence of a Connective Tissue Attachment to a Dental Implant. M Nevins, ML Nevins, M Camelo, JL Boyesen, DM Kim. 
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 • Two-piece 3mm design offers restorative flexibility in narrow spaces
 • Implant design is more than 20% stronger than competitor implant2

 • 3mm threadform shown to be effective when immediately loaded3

 • Laser-Lok microchannels create a physical connective tissue attachment (unlike Sharpey fibers) 4

Treat small 
spaces with 
confidence

Introducing the Laser-Lok® 3.0 implant

Radiograph shows proper 
implant spacing in limited site.

Laser-Lok 3.0 placed in 
esthetic zone.

Image courtesy of Michael Reddy, DDS Image courtesy of Cary Shapoff, DDS

Laser-Lok 3.0 placed in 
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spaces with 
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Introducing the Laser-LokIntroducing the Laser-Lok® 3.0 implant3.0 implant

Image courtesy of Michael Reddy, DDS
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Less pain for your patients.1

Less chair side time for you.1

Mucograft® is a pure and highly biocompatible porcine collagen 
matrix.  The spongious nature of Mucograft® favors early          
vascularization and integration of the soft tissues.  It degrades 
naturally, without device related inflammation for  optimal soft 
tissue regeneration.  Mucograft® collagen matrix provides many 
clinical benefits:

For your patients...

 Patients treated with Mucograft® require 5x less Ibuprofen than

    
 those treated with a connective tissue graft1

 Patients treated with Mucograft® are equally satisfied with esthetic
      outcomes when compared to connective tissue grafts2

For you...

 Surgical procedures with Mucograft® are 16 minutes shorter in
     duration on average when compared to those involving 
     connective tissue grafts1

 Mucograft® is an effective alternative to autologous grafts3, is
     ready to use and does not require several minutes of washing 
     prior to surgery

For full prescribing information, please visit us online at 
www.osteohealth.com or call 1-800-874-2334
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Mucograft® is indicated for guided tissue regeneration procedures in periodontal and 
recession defects, alveolar ridge reconstruction for prosthetic treatment, localized ridge 
augmentation for later implantation and covering of implants placed in immediate or 
delayed extraction sockets.  For full prescribing information, visit www.osteohealth.com

Ask about our limited time, introductory special!        
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OsseoGuard® Membranes And Endobon® Xenograft Granules Provide Clinicians One Solution At A Time

Protect Sites For 
Consistent Results During 

Grafting Procedures

Choose Between Two Levels Of 
Drapability For Ease Of Use In 

Various Clinical Scenarios

Slow Resorption For
Bone Volume Retention

Conveniently Packaged
In NEW Value Packs

For More InformationAbout BIOMET 3i
Regenerative Treatment Solutions, Contact Your
Local Sales Representative Today! 
In the USA: 1-888-800-8045, 
Outside The USA: +1-561-776-6700 
Or Visit Us Online At www.biomet3i.com

Endobon, OsseoGuard and RegenerOss are registered trademarks of  BIOMET 3i LLC.
OsseoGuard Flex and Providing Solutions - One Patient At A Time are trademarks of
BIOMET 3i LLC.  ©2011 BIOMET 3i LLC. 
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OsseoGuard® Membrane And 
The NEW OsseoGuard Flex™ Membrane

Endobon® Xenograft Granules
With NEW Packaging
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DID YOU KNOW?
Roxolid implants deliver more treatment options

Roxolid is optimal for treatment of narrow interdental spaces.

Case courtesy of Dr. Mariano Polack and Dr. Joseph Arzadon, Gainesville, VA

Contact Straumann Customer Service at 800/448 8168 to learn more  
about Roxolid or to locate a representative in your area. 

www.straumann.us
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Whitesides et al 

Background: The placement of dental implants 
into the posterior maxilla after sinus augmen-
tation is a well known and predictable pro-
cedure.  Through the use of technological 
advances, we are now able to utilize concen-
trated rhBMP-2 as a bone graft material for sinus 
augmentation.  Using rhBMP-2 with delayed 
implant placement has been shown success-
ful.  In this article, we present two success-
ful cases of maxillary sinus augmentation with 
rhBMP-2 and simultaneous implant placement.  

Methods: All pre-op data was gathered to 
include a Cone Beam Computed Tomogra-
phy scan (CBCT).  Each patient underwent 
a sinus lift procedure as described by Tatum.  
Next, the osteotomies for the implants were 
then performed and the implant fixtures were 

placed.  Then, rhBMP-2 was placed in the 
sinus cavity and wrapped around the implant 
fixture.  Implant stability and integration test-
ing data was collected by using a Periotest and 
measuring a reverse torque.  Approximately six 
months after initial surgery, the patients under-
went second stage surgery and repeat CBCT.
  
Results: All implant fixtures were clinically 
stable and the data collected correlated with 
osseointegration.  All implant fixtures under-
went successful prosthetic restoration.

Conclusions: Simultaneous implant place-
ment in maxillary sinuses augmented with 
rhBMP-2 is a procedure that provided suc-
cessful results in both of our cases.  This proce-
dure holds promise as a future treatment option.

Maxillary Sinus Augmentation with rhBMP-2  
and Simultaneous Implant Placement:

A Report of Two Cases 

Lee M. Whitesides, DMD, MMSc1 • Mark Stevens, DDS2 

Henry Ferguson, DMD3 • Daniel Scott, DMD4

1. Private practice, Northside Oral Surgery, Atlanta, Georgia, USA

2. Professor and Chair, Dept. of Oral and Maxillofacial Surgery, Georgia Health Sciences University College  
of Dental Medicine, Augusta, Georgia, USA

3. Program Director, Associatate Professor, Dept. of Oral and Maxillofacial Surgery, Georgia Health Sciences University 
College of Dental Medicine, Augusta, Georgia, USA

4. Chief Resident, Dept. of Oral and Maxillofacial Surgery, Georgia Health Sciences University College of  
Dental Medicine, Augusta, Georgia, USA

Abstract

KEY WORDS: Sinus augmentation, dental implant, rhBMP-2, Periotest, reverse torque
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IntRODuCtIOn
The placement of root form dental implants 
for tooth replacement has become common 
practice in dentistry.  However, many patients 
that present for dental implants especially in 
the posterior maxilla lack sufficient bone for 
implant placement.  These patients require 
maxillary sinus augmentation due to the pneu-
matization of the sinus and or in combination 
with resorption of the alveolus.  This process 
is dynamic and progressive as teeth are lost 
without replacement.  The sinus lift procedure 
was   developed and described by Tatum in 
1976 to augment the maxillary sinus and pro-
vide bone stock for implant placement. This 
procedure was documented by Boyne in 1980 
and later by Tatum in 1986.1,2 The sinus lift pro-
cedure has been widely used with predictable 
success using a multitude of materials, such 
as: autologous bone, allograft bone, xenograft 
bone, alloplast, or a combination of the above.  

Bone morphogenetic proteins (BMPs) are a 
group of proteins that belong to the Transform-
ing Growth Factor Super family.  Their discovery 
was published by Marshall Urist in 1965.3  Urist 
noted that implanted demineralized, lyophilized 
bone in rat muscle stimulated new bone growth 
through the osteoinduction properties of BMPs.  
Since that time, twenty BMPs that have been 
identified with significant research focused on 
BMP-2, -4, and -7 and their association with 
osteoblast differentiation and bone formation.  
BMPs bind to transmembrane cell receptors 
on undifferentiated mesenchymal stem cells 
promoting osteoblastic cell lines.  Through 
a series of steps including phosphorylation 
and activation of Smad proteins, the BMPs 
induce the stem cells to become osteoblasts.4

There has been a vast array of litera-
ture that document and compare the vari-
ous products that are presently available.  The 
FDA in 2007 approved the use of rhBMP-2 
(INFUSE, Medtronic, Memphis, TN) as a 
graft for use in sinus augmentation and alve-
olar ridge augmentation associated with 
extraction site procedures.  Since that time, 
rhBMP-2 has been studied in sinus lift pro-
cedures with delayed implant placement. 
However, the literature is lacking using simul-
taneous maxillary sinus augmentation with 
rhBMP -2 and implant placement.  This article 
presents two prosthetically restored cases 
of simultaneous rhBMP-2 and implants.

PAtIEnt SELECtIOn CRItERIA
All patients were healthy adults between the 
ages of 18 and 60.  No smokers were consid-
ered for the study.  The patients freely elected to 
have Cone Beam Computed Tomography scans 
(CBCT) performed before and after surgery.

Preoperative workup included a complete 
health history, dental models, and a surgi-
cal stent made by the surgeon.  A preliminary 
Panorex was done to screen patients for suit-
able amount of bone for the study.  Preopera-
tive Cone Beam CT scan was performed to 
obtain precise measurements for the study.  
Candidates for the study were required to have 
between 5 and 7 mm of bone between the alve-
olar crest and the maxillary floor of the sinus.

CASE REPORtS
Case 1
A healthy 50-year-old female who lost tooth 
#14 due to non-restorable caries approxi-
mately two years prior agreed to participation 
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in the study.  The patient’s past medical his-
tory was unremarkable.  The patient presented 
to the oral surgeon for evaluation of placement 
of a dental implant in conjunction with simul-
taneous sinus lift and grafting using rhBMP-2 
per the study protocol.  CBCT evaluation of 
the patient demonstrated 5 mm of alveolar 
bone height at position #14 (Figure 1).  The 
patient’s participation in the study was dis-
cussed, and informed consent was obtained.

After induction of general anesthesia 
through the use of a combination of fentanyl, 
midazolam, and intermittent doses of Propofol, 
local anesthesia was administered using 2% 
xylocaine with 1:100,000 epinephrine. Under 
magnification, a medium round bur was used to 
create a bony window on the maxillary wall as 
described by Tatum.1  Using a custom surgical 
guide, a sequential osteotomy was made along 

the crest of the ridge in the planned locations.  
All osteotomies were carried through the maxil-
lary crest and into the sinus cavity.  An Astra 4.0 
x 13 mm OsseoSpeed™ TX was inserted into 
the osteotomy using a hand instrument until the 
occlusal platform was flush with a maxillary alve-
olar crest.  Following the manufacturer’s instruc-
tions, 4.2mg of rhBMP-2 was reconstituted 
and applied to the acellular collagen sponge.  
After the recommended 15 minute waiting 
period, the impregnated collagen sponges 
were placed into the sinus and wrapped around 
the dental implant fixture.  A resorbable col-
lagen membrane was placed over the bony 
window.  Periotest (Siemens AG, Benssheim, 
Germany) value (PTV) was obtained.  The 
wound was primarily closed using 3-0 Vicryl. 
Patient was prescribed Amoxicillin and Dem-
erol post-operatively. The patient was seen 

Figure 1:  Coronal view pre-op #14 of case #1. Figure 2:  Coronal view approximately 6 months post-op 
for case #1.
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post-operatively at one week and one month.
The patient presented for second stage sur-

gery approximately 6 months after her initial sur-
gery.   At this time, a repeat PTV was obtained.  
Approximately three weeks later, the patient 
returned for impressions of the upper and lower 
arch and bite registration which was done to 
facilitate the fabrication of Atlantis custom abut-
ment.  Approximately two weeks later, the Atlan-
tis custom abutment was placed and torqued 
to 30 Ncm.  At this visit, a reverse torque test 
and a PTV was recorded.  Once the Atlantis 
custom abutment was inserted, a provisional 
acrylic restoration was placed out of occlusion.

CASE 2
A healthy 41-year-old female, who lost teeth 
#10, #11, #12, and #13 due to periodon-
tal disease approximately five years ear-
lier agreed to participate in the study.  Her 
past medical history was unremarkable.

After administration of anesthesia as 
described in case #1, an approach to access 
the sinus as described by Tatum was per-
formed.1  Using a custom surgical guide, 
sequential osteotomies were made in the crest 
of the ridge of the maxilla.  All osteotomies were 
carried through the maxillary crest and into the 
sinus cavity.  Astra 4.0 x 13 mm OsseoSpeed™ 
TX at positions #11, #12, and #13 were placed 
using a hand instrument until the occlusal plat-
form was flush with the maxillary alveolar crest.  

Figure 3:  Pre-operative panorex for case #2.

Figure 4:  Coronal view approximately six months post-op 
for patient #2.

Figure 5:  Panorex approximately 6 months post-op for 
patient #2.
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At this point insertion torque was measured 
on each implant.  A PTV was also obtained on 
each implant.  8.4 mg of rhBMP-2 (INFUSE, 
Medtronic) was reconstituted and applied to 
the acellular collagen sponge as directed. The 
impregnated collagen sponges were placed 
into the sinus and wrapped around the three 
dental implant fixtures in a similar fashion as 
described in case #1.  A resorbable colla-

gen membrane was placed over the bony win-
dow, and the wound was closed using #3-0 
Vicryl.  The patient was seen for follow-up 
appointments at one week and one month.

At approximately six months after the initial 
surgery, patient #2 underwent second stage 
surgery.   Objective testing for implant stability 
was performed as in case #1.  Approximately 
three weeks later, the patient returned for PVS 

Table 1:  Periotest Values

 

 Case #1 Case #2
 Date of test Implant #14 Date of test Implant #11 Implant #12 Implant #13

 Surgery 10.1 Surgery -6.3 -5.5 -4.9

 6 months 9.1 6 months -4.7 -6.1 -6.7

 1 year 11.1 1 year -6.4 -5.8 -5.5

Table 2:  Correlation of Periotest Values

 

 Periotest Value Explanation

 -8 to 0 Good integration of the implant; the implant can be loaded

 1 to 9 Clinical correlation is required

 10 to 50 Implant integration is insufficient

Table 3:  Reverse Torque Test Values

 

 Case #1 Case #2
 Date of test Implant #14 Date of test Implant #11 Implant #12 Implant #13

 Surgery 40 Surgery 40 10 10 

 Approx. 6 months 40 Approx. 40 35 35  
   6 months

 1 year 45 1 year 45 35 35
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impressions for fabrication of an Atlantis custom 
zirconia abutment.  When the healing abutments 
were removed, the Atlantis custom zirconia 
abutments were placed and torqued to 30 Ncm. 
A provisional restoration was placed out of 
occlusion.  The patient subsequently returned to 
her general dentist for definitive restorative care.

IMPLAnt StABILItY tEStIng
Implant integration can be evaluated by inva-
sive or non-invasive methods.  Implant failure 
can present early (prior to functional loading) 
or late.  Early failure is consistent with lack of 
osseointegration, while late failure is consistent 
with excessive loading forces, injury/trauma, or 
infectious processes.5 Integration is best mea-
sured by invasive means with microscopy to 
evaluate the bone-implant contact.   One inva-
sive approach is the pull-out or push-out test in 
which the bone-implant interface is destroyed 
as the force required is measured.  This is not 
possible in clinical cases.  Non-invasive tests 
that can be performed to test the stability are: 
Periotest, Resonance Frequency Analysis, and 
reverse torque test.  In our cases, we utilized the 
Periotest and the reverse torque test to gather 
objective information about implant stability and 
integration.  The Periotest works by an elec-
tromagnet that controls a metal slug that taps 
against a tooth or implant and measures the 
contact time.  A loose implant/tooth will show 
a longer contact time while a stable implant/
tooth will show a shorter time.  The contact time 
is displayed as a numerical value as an average 
of 16 taps recorded over a 4 second period.  
The range is negative 8 to positive 50, with 
the more negative number representing a more 
stable implant.5  In order to obtain accurate 

data, the Periotest must be positioned correctly 
with the tip perpendicular to the tested object 
(tooth/implant abutment) and at a distance 
of 0.5 to 2.5 mm from the object.  Once acti-
vated, the handheld device is advanced toward 
the tested object until contact is present and 
the devise is held still at this position perpen-
dicular to the object.  If the device is not per-
pendicular to the object, an inaccurate reading 
will be recorded.  Also, when using the device, 
the patient’s teeth should not be in occlusion 
and the tongue should not be in contact with 
the teeth.  Either of these events will result in 
inaccurate data.  Table 2 represents the range 
of stability as published by the manufacturer.

The reverse torque test is a non-invasive 
measure of implant stability.  This is accom-
plished by testing the resistance of the implant 
while a counterclockwise force is applied 
through the implant platform. When reporting 
this data, this is not the final reverse torque 
of the implant, but the torque that the implant 
sustained without movement until the test-
ing clinician relieved the applied stress prior 
to what was perceived as the final torque 
stress on the implant.  If the final reverse 
torque would have been applied, this would 
result in loss of the implant-bone integration 
when tested at follow-up appointments.  As 
reported by Sullivan et al., a reverse torque of 
20 Ncm is regarded as safe to consider the 
implant as integrated.6 Table 3 illustrates the 
reverse torque values recorded for the patients.

DISCuSSIOn
As shown by multiple authors, the use of BMP 
to induce bone growth in the augmented sinus 
cavity is a predictable procedure.  Review of 

Whitesides et al 



The Journal of Implant & Advanced Clinical Dentistry    •   23

the literature has demonstrated successful 
osseointegration with dental implants. These 
implants however, were placed in a two stage 
approach typically 5-6 months after sinus aug-
mentation with rhBMPs.7,8  Roldan et al.9 pre-
sented integration of dental implants placed 
simultaneously with maxillary sinus augmenta-
tion using rhBMP-7.  In this article, BMP-7 was 
shown to be superior to anorganic bone with 
PRP in total bone-implant contact and bone 
height formation.  We present a report of two 
cases successfully grafted with rhBMP-2 with 
simultaneous placement of dental implants.

In review of the collected data, the Periotest 
values did not correlate with the reverse torque 
values that were collected in Case #1.  It is doc-
umented that the Periotest is statistically reliable 
in assessing the stability of implants.5,10  How-
ever, it can be technically difficult and requires 
a learning curve to provide predictable val-
ues.  Gaining accurate PTV’s in posterior teeth 
is more difficult as compared to testing ante-
rior teeth, which may be one reason for the dis-
crepancy of the data for Case #1. Additional 
clinical tests, such as a reverse torque test, 
should be performed to correlate the col-
lected data and the clinical presentation of 
the implant.  When both patients underwent 
reverse torque tests, all implants showed sta-
bility consistent with implant osseointegration.

We acknowledge that this report is limited in 
the number of clinical cases.   While the study 
lacks a large patient pool, four root form implants 
were simultaneously placed in augmented maxil-
lary sinuses using rhBMP-2.  All implants were 
successfully intergraded and restored.  These 
preliminary successful results support the 
need for future study utilizing this technique. ●
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Background: Augmentation of vertically defec-
tive alveolar bone is challenging in mucosa 
compromised situations.  Most pre implant alve-
olar grafting procedures are done through a 
crestal incision. Graft failure is often caused by 
wound gaping and infection mainly due to the 
seepage of fluid through the crestal incision.  

Methods: Alveolar bone augmentation pre-
sented in this paper was accomplished by a 
subperiosteal tunneling approach.  A muco-
sal tunnel was created and packed with mini-
mum of two cortico-cancellous block grafts that 
were stabilized via permucosal screw fixation.

Results:  A total of nine cases with 11 deficient 
ridges were treated using the permucosal screw 
fixation tunneling technique for block graft sta-
bilization.  All cases healed with sufficient bone 
for successful placement of dental implants. 

Conclusions: Alveolar bone augmentation by 
subperiosteal tunneling technique is an effec-
tive, minimally invasive procedure in mucosa 
compromised ridges and has clear advantages 
over crestal approach as the keratinized crestal 
mucoperiosteum is not disrupted by incision 
or sutures.  This article demonstrates that per-
mucosal graft fixation is possible and effective.

Bone Grafting of Mucosa Compromised 
Alveolar Ridges by Tunnel Technique 

and Permucosal Fixation

Abdul Majeed Kavarodi1, MDS • Saad Al Almaie2, BDS

1. Senior Consultant Maxillofacial Surgeon, King Fahad Military Medical Complex

2. Consultant Prosthodontist & Implantologist, King Fahad Military Medical Complex 

Abstract

KEY WORDS: Guided bone regeneration, block graft, screw fixation

The Journal of Implant & Advanced Clinical Dentistry    •   27



28   •   Vol. 4, No. 1   •   January/February 2012

IntRODuCtIOn 
Deficiency of available alveolar bone is one 
of the major concerns in implant supported 
dental prosthetic rehabilitation.  Augmenting 
such alveolar bone defects is mandatory for 
successful dental implant placement.  Alveo-
lar bone defects may be caused by trauma, 
infection, post-extraction bone resorption, 
periodontal disease, iatrogenic causes and/
or prolonged denture wear with subsequent 
disuse atrophy.  Various modalities to aug-
ment such bone defects include autogenous 
onlay bone graft, guided bone regeneration, 
alloplastic augmentation, and alveolar split 
grafting.  However defects involving both 
hard and soft tissues often face difficulty in 
grafting with these techniques due to the 
compromise in available mucosa.  Verti-
cal distraction osteogenesis has its merits 
to produce a stable esthetic reconstruction 
of the alveolar bone and attached mucosa.1  
But its application requires considerable 
patient cooperation and technical expertise. 

Surgical exposure to augment alveolar bone 
defects is usually done by alveolar crestal 
approach.  A tension free sealed closure of 
the crestal incision is mandatory for success-
ful take of the graft.  In mucosa deficient ridges 
healing period is often complicated by gaping 
at the crest due to compromised primary clo-
sure.  This is mainly because of insufficient soft 
tissue coverage and thereby it results in partial 
or complete loss of graft.  Use of barrier mem-
branes,2 means for stabilization of the grafts 
and membrane, and attaining sealed tissue clo-
sure also demands further stretch of the already 
deficient mucosa and periosteum.  Moreover, 
alveolar bone grafting of partial edentulism done 

through a crestal incision disrupts the crestal 
mucoperiosteum and the mucogingival junc-
tions of the adjacent teeth.  This may result in 
gingival recession and related complications.3

In the technique presented in this article, 
vertical and lateral bone grafting was accom-
plished through a tunnel created by a conserva-
tive vertical incision placed far from the donor 
site.  The fixation of the graft is often not neces-
sary as the tight mucoperiosteal tunnel is suf-
ficient for stabilization.  However, if stabilization 
is required, this can be done directly by a trans-
mucosal approach.  Nine cases are presented 
where the tunnel and pouch technique was 
used for alveolar bone grafting prior to implant 
placement in mucosa deficient ridges.  All cases 
attained sufficient bone augmentation and 
had undergone successful implant placement.

tEChnIquE
The defect to be grafted is marked before deliv-
ering local anesthesia to aid in blind placement 
of the graft.  A vertical incision is placed at 0.5 
cm to 1 cm away from the defect.  Strict sub-

Figure 1:  Insertion of the graft through the tunnel.

Kavarodi et al 



The Journal of Implant & Advanced Clinical Dentistry    •   29

periosteal dissection to expose marked region is 
done to create a “bag” of mucosa just sufficient 
to place the harvested graft.  A Mitchell trim-
mer (Bolton Surgical Ltd, Sheffield, United King-
dom) was used to run across the alveolar ridge 
so that necessary vertical height was gained by 
stretching the mucoperiosteal bag.  Further exten-
sion of the pouch is gained by lifting the sulcular 
mucoperiosteum.  Harvested bone is trimmed to 
remove sharp edges and inserted through the tun-
nel guided by periosteal elevator (figure 1).  Cor-
tical perforations are not always required if strict 
subperiosteal dissection and coring is performed.  
A stable tight fitting graft do not require any fixa-
tion however extensive dissection or cases requir-
ing crestal buildup to attain alveolar height may 
necessitate a fixation of the graft.  Graft stabiliza-

tion is done using a single screw through a mini-
mal stab incision in order to prevent slippage of 
the graft.  Figures 2 to 10 illustrate the various 
stages of the procedure.  Multiple block pieces 
are required in some cases depending on the 
number of implant planned to be inserted (figure 
5).  Most vertical defects required a bone strip 
for the crestal region in addition to the lateral 
segment.  An oversized lag screw hole can be 
prepared in the graft before inserting the graft 
to the tunnel to ease in screw fixation.  A stab 
incision can be placed by a no. 11 blade over 
the prepared screw hole blindly or by palpation.  
Screws are inserted through the stab incision 
transmucosally.  Both incisions were closed 
primarily without tension.  Temporary prosthe-
ses were delivered immediately after surgery.

Figure 2:  Bone and soft tissue defect during resection of 
giant cell granuloma of maxilla.

Figure 3:  Alveolar defect three months after excision of 
the lesion.
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RESultS
Eleven partially edentulous alveolar ridges of nine 
patients (table 1) including four males and five 
females were treated with the permucosal fixation 
technique.  Out of the nine patients in this case 
series, three were smokers and two gave history 
of Diabetes mellitus with a hemoglobin A1C of 7 
to 9 during treatment.  Soft tissue defects were 
mainly scar tissue resulting from trauma, infec-
tion and/or tumor excision (figures 2 and 3).  All 

patients had autologous bone harvested from 
various donor sites (table 2).  Prophylactic anti-
biotic, Augmentin 1gm was given one hour pre-
operatively and was continued post operatively 
as 1gm twice daily for 7 days.  Sutures were 
removed after seven to ten days and all patients 
started wearing the modified temporary partial 
denture 0-4 days post operatively.  A total of 22 
dental implants were placed at the grafted sites 
three to five months postoperatively.  Implants 

Figure 4:  X-ray showing vertical alveolar bone defect with 
a thin palatal cortical plate.

Figure.5:   Intraoperative picture showing horizontal and 
vertical cortico-cancellous grafts with transmucosal screw 
fixation.

Figure 6:  Stabilization screws are removed after 
implant insertion to prevent graft dislodgement during 
osseocompression.

Figure 7:  Three months after insertionof implants.
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were loaded after three to five months and cases 
were reviewed regularly for minimum one year.  

Plaster study model cast analysis and bone 
mappings were compared to similar measure-
ments prior to the implant placement to assess 
the maximum buccolingual and vertical aug-
mentation attained by the technique (table 2).

RESultS 
All 9 cases had successful implant place-
ment after an uneventful healing period.  One 

of the cases required additional bone graft-
ing of lingual surfaces during implant place-
ment.  This was done by bone chips harvested 
during implant osteotomy.  A total of 22 
implants were placed.  Five cases had no 
flap approach for seven implant placements 
and four cases had an open technique for 15 
implant placements.  Measurement of preop-
erative and postoperative plaster study mod-
els demonstrated a maximum alveolar height 
gain of 2 to 4 mm and the maximum alveo-
lar width gain of 5 to 7 mm.  Figures 11 to 13 
show the vertical gain attained in Case #1.

Mesiodistal graft lengths ranged from 7 
mm to 36mm.  Patients who had upper ante-
rior and canine region bone grafting were able 
to wear the modified temporary partial dentures 
immediately. However, the rest of the patients 
started wearing the denture within 4 days.  One 
patient had blanching spot ulceration at the 
upper anterior ridge due to pressure from the 
temporary prosthesis.  This was corrected by 
adjusting the prosthesis.  The healing of graft 
sites were uneventful in all patients.  All Iliac 

Figure 8:  Three months after implant placement. Figure 9:  X-ray showing horizontal and vertical cortico-
cancellous graft segments with transmucosal screw 
fixation. 

Figure 10:  Post traumatic alveolar defect of anterior 
maxilla: Case #1.
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crest grafted patients had undergone implant 
placement at third month where the rest had 
implant placement 4 month after bone grafting.

Success in implant placement was proved 
through one year follow up as per the cri-
teria put forward by Buser.13  There were 
no subjective complaints such as pain, for-
eign body sensation, and/or dysaesthe-
sia mentioned by the patients.  All the 22 
implants were immobile when tested and 
an absence of radiolucency around the 
implant was ensured by a  series of x-rays. 

DISCuSSIOn
Alveolar bone augmentation is the prime 
choice in restoring the resorbed alveolar 
bone.  The difficulties that can be encountered 
with vertical and horizontal alveolar ridge aug-
mentation by means of bone grafting tech-
niques are frequently related to soft tissue 
tolerances.  The tunnel dissection approach 
and was used earlier in preprosthetic alveo-
loplasty to help in full denture retention.4  The 

same technique has been applied for lateral 
ridge bone grafting prior to implant place-
ment.5,6  Cases requiring vertical augmenta-
tion along with lateral build up are challenging, 
especially in mucosa compromised situations. 

Complications reported after onlay bone 
grafting are typically due to the soft tissue 
stretch required to cover block or particu-
late bone grafts.7  This factor becomes more 
complex when a scarred tissue bed is pres-
ent.  Wound dehiscence is a potentially seri-
ous complication resulting in exposure of 
the nonvital bone graft to oral micro flora and 
potential infection.  This is mainly caused by 
lack of available soft tissue coverage for attain-
ing a water tight primary closure at the grafted 
site.  A compromised closure of the crestal 
incision in mucosa deficient ridges results 
in the partial or complete failure of the graft.

In order to attain a tension free closure, 
release of the labial flap is usually accom-
plished by a periosteal incision at the base of 
the flap followed by stretch of the soft tissue 

Figure 11:  Vertical defect. Figure 12:  Vertical gain with minimal loss of labial sulcus 
three months after bone grafting.
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of labial sulcus.8  This often results in com-
promised sulcal depth.  In the upper anterior 
region, a release from the anterior nasal spine 
is also required in cases with excessive muco-
sal loss.  This will eventually results in tight-
ening of upper lip and a possible change in 
smile pattern, especially in unilateral soft tis-
sue advancements.  Most alveolar defects are 
semilunar in shape at the crest and are associ-
ated with scarring at the crestal region (figure 
11).  This demands further release of the flap at 
the mid portion of the defect which is the most 
critical area liable to gaping of wound.  In most 
of our cases in this study, two to four surgical 
interventions were done prior to bone graft-
ing.  This included repair of trauma, excision of 
tumors, treatment of recurrent infections, apico-
ectomy, and previous implant failure (table 1).

In the technique presented in this paper, 

the sensitive crestal mucosa is left untouched.  
A mucoperiosteal bag is created by strict sub-
periosteal dissection across the ridge and as 
well up to the sulcular depth.  Meticulous strip-
ping of mucoperiosteal tissue will allow forma-
tion of a pouch at the crest and labial defect to 
lodge the graft.  Blanching of mucosa during 
subperiosteal dissection will guide in avoiding 
excessive stretch and perforation of the muco-
periosteum.  Decortication is not necessary in 
most cases, however coring of the cortical sur-
face can be done with a sharp Mitchell Trimmer.  

Autologous bone grafts from different sites 
are used in this series as they are still consid-
ered to be the gold standard.9  Donor sites 
were selected according availability of bone10 
and patient preference.  During insertion of 
the graft, trimming of the sharp bone edges of 
graft is necessary to help in atraumatic inser-

Table 1:  Etiology of the Alveolar Defect, Region Involved,  
and Number of Implants Utilized

 

    Reason for Number of  
 Case ID Region  Soft Tissue Defect  Implants Placed

 1  Maxilla anterior Trauma  1

 2  Maxilla anterior Trauma   4

 3  Mandible anterior Trauma and failure of bone graft 4

 4  Mandible canine left Trauma  1

 5  Maxilla posterior Excision of giant cell granuloma 2

 6  Mandible posterior Trauma  2

 7  Maxilla canine left Infection  1

 8  Maxilla anterior Trauma and Implant failure 3

 9  Maxilla anterior Trauma and  Failure of bone graft 4
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tion of the graft.  A tight mucoperiosteal cover 
can stabilize the graft, however fixation of the 
graft is a necessity in cases requiring vertical 
augmentation to maintain planned height of 
the graft.  Multiple strip grafts can be inserted 
to the crest to gain the required height.  Grafts 
that are stable under the tension of muco-
periosteum and do not require any fixation.

Vertical augmentation requires careful sub-
periosteal dissection of the crest with least 
possible trauma to the periosteum. One of the 
cases had partial perforation at the crest while 
elevating the lingual mucosa by Mitchell trim-
mer. The perforation was managed by a single 
mattress suture. Vertical height gain is to be 
achieved first by inserting strips of bone to the 
crestal mucoperiosteal bag. This will be fol-
lowed by lateral augmentation and fixation.

Grafting in esthetic areas often requires 
early temporization with removable prosthe-
sis.  Bone grafting by crestal approach on 
ridges with nonsufficient mucosa may necessi-
tate use of membranes to aid in closure of the 
flap. Temporization in such cases is delayed 
due to fear of membrane dehiscence as an 
exposed membrane is one of the main rea-
sons for graft failure.11  Wearing a prosthe-
sis over sutures of the crestal incision not 
only disturbs the surgical area, but also lim-
its perfusion and may eventually cause wound 
dehiscence.  In the approach presented in 
this paper, temporary prostheses were deliv-
ered immediately to 4 days after the surgery.  

Limited access to the lingual surface is 
the main disadvantage of this technique.  This 
resulted in deficiency at the lingual surface 

Table 2:  Maximum Alveolar Height/ Width Gained  
and the Method of Fixation Used

 

    Maximum Maximum 
  Graft Graft Alveolar Height Alveolar Width 
 Case ID Donor Site Fixation Gain Gain

 1 Anterior Ramus Single Screw 3mm 5mm

 2 Iliac Crest Single Screw 3mm 6mm

 3 Iliac Crest Single Screw 4mm 7mm

 4 Chin No Fixation 2mm 5mm

 5 Iliac Crest Single Screw 3mm 8mm

 6 Anterior Ramus Single Screw 4mm 7mm

 7 Chin No FIxation 2mm 5mm

 8 Anterior Ramus Single Screw 3mm 6mm

 9 Anterior Ramus Single Screw 3mm 7mm
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in one of the cases, and required insertion of 
strips of bone graft at the crest extending to lin-
gual pouch before grafting the labial and crestal 
region.  Access to the palatal surface is not dif-
ficult when compared to lingual surface and can 
be grafted more easily through this approach 
by a coronal extension the vertical incision. 

Success in implant placement utilizing 
this technique was evaluated by one year fol-
low up as per the criteria put forward by 
Buser including a lack of pain, foreign body 
sensation, mobility, and/or dysaesthesia, 
along with positive radiologic evidence.12,13

COnCluSIOn 
 Vertical augmentation for mucosa deficient 
alveolar ridges for dental implant place-
ment is a challenging technique.  Graft fail-
ure is caused mainly by fluid seepage through 
disruption at the crest and at the gingival 
attachment of the existing dentition.  Augmen-
tation by subperiosteal tunneling technique 

is an effective, minimally invasive procedure 
that has clear advantages over the crestal 
approach.  Its application in mucosa deficient 
ridges and for vertical bone augmentation is 
verified by series of cases presented in this 
paper.  Graft fixation is possible by permuco-
sal approach.  The results of this study suggest 
that additional and more comparative studies 
are required to confirm the success rate.  ●
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• As an ECM, DynaMatrix retains both 
the 3-dimensional structure and the 
signaling proteins important for soft 
tissue regeneration1
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for osteoinductive properties 3,4
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of Bone Morphogenetic Proteins 
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Background: Increasing the width of kera-
tinized tissue around implants seems to 
result in lower means of alveolar bone 
loss and recession of gingival margin, and 
improved indices of soft tissue health. 

Methods: The aim of this clinical report was to 
demonstrate the short-term clinical outcome of 
an extracellular membrane derived from porcine 
intestinal submucosa on peri-implantar keratin-
ized tissue augmentation. A 62-year-old female 
patient, complaining about disconfort during 
toothbrushing around implants, was submitted 
to a gingival grafting surgery using DynaMatrix 
as a bioscaffold to keratinized tissue augmenta-
tion instead of free autogenous gingival grafting.
 

Results: After three months, the dimensional 
change of keratinized gingiva was 4.1mm instead 
of 0.08mm for implant supporting implant #3, 
and 3.8mm instead of 0.05mm for implant #5. 
No signs of bleeding on probing and inflamma-
tion were observed and patient referred satis-
faction and no discomfort during tooth brushing. 
Probing depth was as same as baseline. Excellent 
color and texture blend was noted for treated site 
at 12 weeks post-operative, with good esthetic 
appearance and satisfaction of the patient.
 
Conclusions: The extracellular membrane used 
(DynaMatrix®) was successful as a bioscaffold 
to increase the width of peri-implant keratin-
ized mucosa in a short-term clinical evaluation.
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INTRODUCTION
Patient expectations have increased tremen-
dously in recent years, therefore success-
ful modern therapy can no longer be judged 
simply by whether or not implants osseointe-
grate.1,2  Perhaps the major challenge facing 
clinicians is the long-term maintenance of peri-
implant soft tissue conditions both for ideal 
health and optimal esthetics. Soft-tissue inte-
gration is necessary to prevent the formation 
of pockets or recessions around implants.3,4,5

The width of keratinized tissue (KT) around 
implants may vary between zero and sev-
eral millimiters and may be useful in enhanc-
ing esthetics and facilitating plaque control, 
even though controversy exists over its role in 
long-term survival and/or success.3,6,7  Recent 
articles support the advantages of increas-
ing the width and quality of keratinized tissue 
around implants. Yeung (2008)4 stated that 
even though available data so far suggest that 
with good oral hygiene, peri-implant soft-tis-
sue health can be maintained irrespective of 
whether KT surrounding the implant is present, 
good oral hygiene is, indeed, very difficult to 
achieve around dental restorations without the 
protection of a band of keratinized gingival tis-
sue. Bouri et al. (2008)8 correlated the width 
of KT and the health status of the supporting 
tissues around dental implants. These authors 
found that the increased width of KT around 
implants is associated with lower mean alveolar 
bone loss and improved índices of soft tissue 
health. Kim et al. (2009)9 evaluated the peri-
implant tissue response according to the pres-
ence of KT. These authors found that in cases 
with insufficient keratinized gingiva in the vicin-
ity of implants, the risk of and increase in gingi-

val recession and crestal bone loss is present. 
Therefore, it is thought that from the aspect of 
long-term maintenance and management, as 
well as for the area requiring esthetics, the pres-
ence of an appropriate amount of KT is required.       

The free palatal tissue atutograft has been 
used to augment keratinized tissue since 
1966.10,11,12  This technique shows a suc-
cessful outcome in respect of KT gain, but 
compromises estehtics and patient’s com-
fort because of post-operative morbidity of 
donor sites.13  Clinicians also have used allo-
geneic soft tissue grafts like Alloderm® (Life-
cell Corp, Branchburg, NJ, USA), an accellular 
human dermal graft, in an attempt to gain KT 
without haversting a donor site.14  However, 
this dermal matrix presented several limita-
tions regarding surgical technique, post-oper-
ative complications and clinical outcomes.15,16    

Recently, a study conducted by Nev-
ins et al (2010)17 assessed the efficacy of an 
extracelular membrane (DynaMatrix®, Keystone 
Dental, Burlington, MA, USA) in augmenting 
keratinized tissue. This membrane, obtained 
from the small intestine submucosa of the pig, 
was capable of increasing the amount of KT, 
which was comparable histologically to the tis-
sue derived from the autograft. Also, it seems 
to maintain the structure of collagen (types I, 
III, IV and VI), proteoglycans, glycoproteins, 
and additional growth factors such as fibro-
nectin.18,19,20  Other studies were conducted 
using this kind of extracelular membrane.9,21,22,23 

Due to the fact that, at this time, only a 
few scientific publications among augmenta-
tion of peri-implant keratinized gingival tis-
sue with the use of an extracellular matrix as 
bioscaffold for tissue reconstruction, this clini-
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cal case report aimed to evaluate the short-
term clinical outcome of this kind of procedure.          

CASE REPORT
A 62-year-old female was referred to the implant 
clinical dentistry at SENAC (São Paulo, SP, Bra-
zil) complaining of a toothbrusing discomfort 
around two implants #’s 3 and 5 of a fixed pro-
tocol maxillary prothesis. During the clinical exam, 
it was noted the abscence of sufficient keratin-
ized gingival tissue, mainly at the buccal aspect of 

these two implants, and the presence of a labial 
muscle insertion adjacent to them (Figs. 1a, 1b). 

The following clinical parameters were eval-
uated: probing depth (PD), measured with a 
manual periodontal probe from the gingival 
margin to the depth of the apical end of peri-
implantar sulcus; presence of bleeding after 
probing, and width of keratinized tissue (KT) in 
the buccal aspect of the two implants, using a 
digital caliper (Absolute, Mitutoyo Sul Ameri-
cana, Suzano, SP, Brazil) with 0.01 precision. 

Figure 1a:  Patient with maxillary and mandibulary 
protocol phosthesis.

Figure 1b:  Pre-srugical intraoral view.

Figure 2a:  Abscence of keratinized tissue in the buccal 
aspect of the implants #3 and 5.

Figure 2b:  Presence of a labial muscle insertion that 
makes oral hygiene difficult.

Lobo et al 
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The PD was 2.0mm at the buccal aspect of the 
two implants. The width of KT was 0.08mm for 
implant supporting tooth #16 and 0.05mm for 
implant #5. No signs of bleeding on probing 
and inflammation were observed (Figs. 2a, 2b).

After beeing informed of the clinical problem 
and the alternatives to solve it, the patient gave 
consent to the treatment. She was first submit-

ted to initial preparation comprising oral hygiene 
instructions. After two weeks, patient returned for 
surgical procedure. She received pre-anesthe-
sia medication (4.0mg dexametasone) one hour 
before surgery. Under local anesthesia (2% lido-
caine with 1:100.000 epinefrin, Alphacaine, DFL, 
Brazil), de-epithelization of buccal tissue was 
performed with a fine diamond bur (#3118F, KG 

Figure 3a:  De-epithelization of buccal mucosa with an 
extra-fine diamond bur. 

Figure 3b:  Bleeding results from exposure of the 
connective tissue.

Figure 4a:  Horizontal incision after de-epithelization. Figure 4b:  Raising a partial thickness-flap from coronal to 
apical aspects of the mucosa.



The Journal of Implant & Advanced Clinical Dentistry    •   43

Lobo et al 

Sorensen; Figs. 3a, 3b) under sterilized saline 
irrigation. After complete bleeding was achieved 
in an area of approximately 4.0mm2, horizontal 
incision was made (15-C blade, Swann-Mor-
ton, Sheffield, England) from coronal to apical 
aspect of tissue, and a partial-thickness flap was 
raised to develop recipient bed (Figs. 4a, 4b).

A horizontal suture was made to stabilize the 

flap over the periosteum at the most apical posi-
tion (Figs. 5a, 5b). An extracellular matrix/mem-
brane (DynaMatrix®, Keystone Dental, Burlington, 
MA, USA) was sutured over the recipient site 
with 5-0 mononylon sutures (J&J Ethicon, São 
José dos Campos, Brazil). These monofilament 
sutures were used to prevent bacterial whick-
ing for a period of 2 weeks or more. Matrix bor-

Figure 5a:  A horizontal suture was made to stabilize the 
flap over the periosteum at the most apical position.

Figure 5b:  A horizontal suture was made to stabilize the 
flap over the periosteum at the most apical position.

Figure 6a:  DynaMatrix membrane placement. Figure 6b:  Dynamatrix membrane suturing over de-
epithelialized area.
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ders were fixed with simple sutures, and sling 
sutures were made over membrane to stabilize it 
without the risk of de-attachment (Figs. 6a, 6b). 
Phrosthesis were screwed to place temporarily 
(Fig. 7a, 7b). No periodontal dressing was used.      

Post-surgical care included analgesic medi-
cation (500mg sodium dipirone) for 4 days, 
antibiotics (300mg clindamicin three times a 
day for 7 days) and instructions to avoid tooth-
brushing the treated area for 4 weeks. The 
patient was instructed to rinse the mouth with 

chlorhexidine digluconate solution (0.12%) twice 
daily for 1 minute. Fourteen days after the sur-
gery, patient was re-evaluated and only some 
sutures were removed, while other were kept 
in position. At this visit (14 days), patient com-
plained about the white color of the tissue, what 
was previously expected (Fig 8). Sutures were 
removed 30 days after surgery. The patient 
returned for evaluation and prophylaxys 2 and 
4 weeks after suture removal (Figs. 9a, 9b).

After three months, the dimensional change 
of keratinized gingiva was 4.1mm instead of 
0.08mm for implant #3, and 3.8mm instead 
of 0.05mm for implant #5. No signs of bleed-
ing on probing and inflammation were observed 
and patient referred satisfaction and no dis-
comfort during tooth brushing. Probing depth 
was as same as baseline. Excellent color and 
texture blend was noted for treated site at 
12 weeks post-operative (Figs. 10a, 10b). 

CONClUSION
The principal objective of surgical manage-
ment of soft tissues in implant therapy is to 

Figure 7a:  Sutured Dynamatrix membrane. Figure 7b:  Phrosthesis replacement keeping membrane 
was kept exposed.

Figure 8:  Post-operative evaluation 14 days after surgery. 
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Figure 9a:  Sufficient keratinized tissue was observed two 
months after the augmentation procedure, with prosthesis 
in position.

Figure 9b:  Sufficient keratinized tissue was observed two 
months after the augmentation procedure, without the 
prosthesis.

Figure 10a:  Before surgery.  Note the lack of keratinized 
gingiva about the implant prosthesis.

Figure 10b:  After surgery.  Note the improved band of 
keratized gingival tissue.

establish a healthy peri-implant soft tissue envi-
ronment. This is accomplished by obtaining 
circumferential adaptation of immobile, pref-
erably keratinized tissues, with adequate api-
cocoronal and orofacial dimensions around 
emerging implant structures. This provides the 
required connective and epithelial tissue com-
ponents to satisfy biologic width requirements.4,5

In general, experienced clinicians agree that 

an adequate zone of attached keratinized tissue 
around a natural tooth or implant prosthesis is 
desirable to better withstand functional stress and 
to maintain predictable tissue levels over time, 
what justify soft-tissue augmentation indications.3,7 

The short-term (three months) clinical 
result of this case report shows good integra-
tion of the extracellular matrix (Dynamatrix®) 
to denuded recipient site. Even though the 
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membrane was kept exposed, it did not get 
infected. Post-operative morbidity was consid-
ered normal, with the clinical advantage of dis-
carding the donor site morbidity. The clinical 
aspect of the formed keratinized peri-implant tis-
sue was well integrated, esthetic and wealthy.     

The result of the present case is in accordance 
with Saroff (2010)23, who demonstrated, in a case 
series study, the efficacy of the same extracellular 
membrane for the development of attached kera-
tinized tissue, even though this author evaluated 
tissue gain around teeth instead of implants. Per-
haps the major advantage of using DynaMatrix® to 
augment keratinized tissue is to eliminate the need 
for a donor site as required in free autogenous 
mucosal grafts. This reduces post-operative pain, 
bleeding and infection, and also reduces the treat-
ment time, improving patient’s overall experience. 
In addition, the extracelular membrane blends 
well with native tissue and may be left exposed 
in the recipient site, with no major complications.     

Nevins and colleagues (2010)17 conducted 
a clinical study involving six patients and com-
pared keratinized tissue augmentation outcomes 
between DynaMatrix® (test) and autogenous free 
gingival graft (control). Both test and control sites 
achieved a clinically significant increase in the 
amount of keratinized gingiva, but the DynaMa-
trix® treated sites showed better appearance and 
blended well with the surrounding tissue. Histo-
logically, both test and control sites were similar. 
These authors hypothesize that the epithelium that 
populated the DynaMatrix® membrane migrated 
from the denuded epithelium that induced second-
ary epithelization by “creeping over” the wound 
bed. It is assumed that DynaMatrix® scaffold 
allowed repopulation of fibroblasts, blood vessels, 
and epithelium from the surrounding tissues,16 

because of the essential biologic components 
that it contains growth factors and extra-cellular 
matrix cell-receptor-mediated binding sites.18,19,20

According to several authors,18,21,24,25 the extra-
cellular matrix consists of a complex mixture of 
structural and functional proteins and serves an 
important role in tissue and organ morphogen-
esis, maintenance of cell and tissue structure 
and function, and in the host response to injury. 
The features of ECM-associated tissue remodel-
ing include extensive angiogenesis, recruitment 
of circulating progenitor cells, rapid scaffold deg-
radation and constructive remodeling of dam-
aged or missing tissues. Also, the remodeling 
response seems to be a distinctly different phe-
nomenon from that of scar tissue formation.

It seems from this case report and from 
the previous literature that the extracellular 
membrane extracted from the porcine intesti-
nal submucosa (DynaMatrix®) was success-
ful as a bioscaffold to increase the width of 
peri-implant keratinized mucosa in a short-
term clinical evaluation. Further randomized 
controlled trials over long periods of time are 
necessary to establish whether this proce-
dure offers long-tem benefits to patients. ●
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Using dental implants as abutments for 
fixed restorations and overdentures has 
become a routine and predictable pro-

cedure in recent decades. There are numer-
ous published data showing high survival rates 
of inserted implants. However, all clinicians 
experience certain complications that could 
not be considered as absolute failures, but at 
the same time should be reported and treated.

The classification system presented in this 
article is based on clinical signs of inflammation, 
probing pocket depth (PPD), and soft and hard tis-
sue levels around implants. It is easy to use, prac-

tical via conventional diagnostic tools, compatible 
with different implant designs, and cover all clini-
cal possibilities. Implant Success Index (ISI) clas-
sification system is categorized into 9 scores, and 
is used to calculate data regarding the success 
rate of dental implants in an objective manner. 

Using this classification system would 
be useful in diagnosis, treatment planing, 
and can be used to improve communica-
tions between researchers and clinicians. 
In addition, it enables comparison of suc-
cess rates between different implant sys-
tems and using various clinical approaches.

Evaluation of Peri-Implant Tissue Health  
Using a Scoring System

Mahdi Kadkhodazadeh DDS,MSc1 • Reza Amid DDS,MSc2
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IntRODUctIOn
Available data indicates that over two million 
dental implants are manufactured annually, and 
this figure is expected to rise further over the 
coming years.1  Recent studies have concen-
trated on the success criteria of dental implants, 
while some of them have reported data regard-
ing soft and hard tissue complications.  In gen-
eral, these studies have calculated the survival 
or success rates of installed implants based on 
old criteria presented during 1970s and 1980s.  
There are different approaches in peri-implant 
disease classifications.  Albrektsson & Isidor2 
defined two entities for peri-implant inflamma-
tory disease: mucositis and peri-implantitis, in 
accordance with gingivitis and periodontitis. 
However, different definitions for peri-implan-
titis have been proposed in other publications. 
Some authors have suggested that peri-implan-
titis should be considered as a clinical manifes-
tation of inflammation besides progressive bone 
loss not defined exactly in millimeters. 3 Oth-
ers have proposed a threshold value for bone 
loss after the first year in function (1.8 mm) in 
combination with bleeding or suppuration.4

In general, few studies provide data 
regarding the prevalence of peri-implant dis-
ease. A systemic review by Roos-Jansaker 
et al.5 showed that mucositis had occurred 
in 80% of subjects and in 50% of implant 
sites.  In a study by Fransson et al.6 it was 
reported that, peri-implantitis was detected 
in 28% and 12% of subjects and implant 
sites, respectively.   In a long-term follow 
up study, it was reported that the preva-
lence of peri-implantitis was up to 43%.7 

Historically, the pioneers of dental implants 
have used survival rates or implant stability 

in the treatment site as a measure of success 
rate.8  By increasing the number of installations 
and follow up periods, we need a comprehen-
sive, reasonable, and universally acceptable 
system in order to classify the outcomes of 
various treatment options. Without   a com-
mon classification system, interpretation of the 
above-mentioned data would be a difficult task.  
Determining the severity of disorders occur-
ring in soft tissue and bone support around 
implants is an essential part of any report.  A 
few years ago, Misch classified the success 
of implants into four quality scales as follows: 
optimal health, satisfactory survival, compro-
mised survival, and failure.9  Some clinical cri-
teria that were used for classification include: 
pain, exudate, mobility, probing depth, and 
radiographic bone loss.  Few studies have 
used this classification to report the success 
rate of inserted implants. For example, Vidal 
et al.10 reported 100% survival rates of sixty-
two immediate implants during a 12-month 
follow-up period.  However, if the quality scale 
of Misch classification was used, 19 implants 
would have been classified as having satisfac-
tory survival, and one as compromised survival. 

So, it is apparent that using a non-spe-
cific survival rate system leads to overestima-
tion of rates of dental implant treatments, and 
does not take into account the complications. 
High rates of survival of implants reported in 
some studies could be reconsidered if a spe-
cific classification system was designed and 
used for calculating all of the possible dif-
ficulties. In this study, we aim to present a 
new scoring system based on conventional 
diagnostic criteria, while at the same time 
using modern concepts in implant dentistry.  
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cOnvEntIOnAl cRItERIA 
USED In ImplAnt  

SUccESS InDEx (ISI)
Signs of a failing implant are detected both 
clinically and radiographically in a similar man-
ner to natural teeth.  The ISI scoring system 
was established using the following factors:
● Bleeding on Probing (BOP)
● Probing Pocket Depth (PPD)
● Radiographic bone loss
● Loss of function (Mobility)

Although there are a lot of data regard-
ing the above criteria, we review some 
of the major publications in order to 
explain the concept used in this article:

Roos-Jansaker et al.5 reported that BOP 
occurred in about 79% of subjects and 50% of 
implants.  More interestingly, bleeding was found 
in more than 90% of the implant sites without a 
history of bone loss. Prospective clinical stud-
ies confirmed the prognostic value of BOP for 
monitoring tissue conditions during maintenance 
phase.11  However, the negative predictive value 
of BOP to indicate peri-implant stability varied 
between 50% and 64%.  Available data showed 
that healthy peri-implant sites had absence of 
BOP, while there was increased bleeding at 
mucositis (67%) and peri-implantitis (91%) sites.12  
It has been also stated that BOP is always present 
with peri-implant disease similar to periodontitis.13

In addition to BOP, PPD is generally used as a 
diagnostic factor in periodontitis and peri-implanti-
tis. Clinical validity and safety of periodontal prob-
ing as a reliable tool for diagnosing peri-implant 
tissue health and disease has been documented.14  

Deep pockets beyond 4 mm can be considered 
as a reservoir for anaerobic bacteria and as a 
predictive factor for loosing future bone support.  

Radiographic evaluation of marginal proxi-
mal bone levels of implants via panoramic and 
long cone parallel peri-apical radiographic tech-
niques are widely used.15  It is also important 
to determine a fixed reference point located at 
the side of the implant, in order to have a base-
line record.  Discussion of a reference line 
for the ideal bone level, based on new con-
cepts will be discussed later in this article.  

If left undiagnosed, peri-implant tissue break-
down may lead to progressive loss of osseointe-
gration and result in loss of the implant. Mobility 
of an implant indicates complete lack of stability 
or ankylosis. Therefore, it is useful for diagnosis 
of end-stage disease rather than early diagnosis.

The Following factors were not con-
sidered as criteria for classification:

1. Pus/suppuration: this is neither repre-
sentative of a specific condition nor a pre-
dictive factor for further tissue breakdown.16

2. Etiology of tissue destruction: Majority of 
studies have considered peri-implantitis as a dis-
ease occurring following successful integration 
of an implant and as a result of an imbalance 
between bacterial load and the host.17  However, 
unlike natural teeth, biological factors have little 
impact on producing the complications around 
dental implants.  In a study by Isidor,18 it was 
shown that biomechanical stress was a greater 
risk factor for early implant failure than biological 
components of plaque.  Esposito et al.19 in a histo-
logical study calculated that the reason for failure 
occurring in 8 out of 10 implants was overload. He 
also suggested that failures during function were 
due to overload in 90% of cases, while only 10% 
of cases could be attributed to bacterial plaque.  

Overall, it seems that we can-
not clearly differentiate between biome-
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chanical and biological complications.  
Fransson et al.20 showed that there is an asso-
ciation between progressive bone loss during 
function induced by overload and clinical signs 
of inflammation in tissue surrounding implants. 

Microbiological data can be used to deter-
mine the composition of the peri-implant sub-
marginal flora.21  However, published data 
indicate that the microbiological profile of dis-
eased implants suffering from overload was 
similar to that found in healthy sites.22  As there 
is no difference between disorders induced 
by biological and biomechanical factors, 
there is no need for microbiological testing.  

mODERn cOncEptS 
USED In ISI

It is advocated that bone loss occurring dur-
ing the first year in function must be differenti-
ated from that happening in subsequent years. 
Thus, marginal bone loss around 1.5 mm during 
the first year of loading is considered as normal 
or physiologic remodeling.23  In addition, some 
authors have suggested that a maximum bone 

loss of 2 mm between prosthetic delivery and 
first year of loading would be acceptable.24  New 
implant designs at crest module and connec-
tions between abutment and fixtures challenge 
such old concepts.  Recently, many implant man-
ufactures have presented bone level designs for 
their fixtures and platform switching connections 
for abutments.  As a result, the whole length 
of fixture body is prepared for osseointegra-
tion, and the polished collar of crest module is 
deleted or restricted to 0.5 mm bevel configura-
tion (Figure 1).  Therefore, the biological seal 
and soft tissue attachment should be recon-
structed coronal to fixture body.  There is a small 
area created by platform switching and the api-
cal part of abutments, which is used to establish 
a tissue barrier and meet the esthetic demands.

According to this kind of implant design, we 
placed an imaginary line at the most coronal part 
of the rough surface (Figure 2).  In implants con-
taining platform switching, the reference line was 
located at the most coronal part of the rough 
fixture body, exactly at the line connecting the 
rough and polished bevels (Figure 2a).  In sam-
ples with absolute bone level designs, the refer-
ence line was placed at the coronal edge of the 
body (Figure 2b).  Finally, the differential level 
between the rough surface and polished neck 

Figure 1:  Schematic drawing illustrating the reduced 
polished collar of implant.

Figure 2:   Schematic drawing illustrating the reference line 
(bone level) for different crest module of implants.
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was considered as the reference line in conven-
tional fixtures with straight walled polished crest 
modules (Figure 2c).  In conclusion, soft tissue 
must be reestablished coronal to this level and 
hard tissue should ideally be attached to the 
implant surface at this reference line (Figure 3). 

If the soft tissue level (SL) was placed coronal 
to the reference line, we considered it as SL(+), 
and in the case of any recession causing expo-
sure of the fixture threads or any part of the rough 
surface, we considered it as SL(-). The same 
scores were detected for the hard tissue level. 
In certain cases, especially during the uncover-
ing phase prior to loading, the level of bone may 
be located coronal to the reference level (HL+).  
Every millimeter of bone loss creates some kind 
of negative bone level (HL-). Our classification 
system does not contain any kind of physiologic 
or acceptable level of bone loss, although early 
bone loss to the level of the first thread (about 1.5 
mm) is usually ignored in two-piece implant sys-
tems as a result of physiologic bone remodeling.25  
However, it would not be considered as a normal 
sequence of biological width reestablishment 
and/or microgap presence.26  Due to platform 
switching, elimination of the polished collar was 

not compatible with proper stress distribution, 
and considering bone level designs in newly intro-
duced fixtures, there was no reason for early bone 
loss or saucerization around the implant neck.

Bone level fixtures must be placed at the 
level of the alveolar crest. Submerging these 
types of fixtures beneath the crestal bone is not 
recommended.  Therefore, early bone loss up to 
2 mm occurring due to malpractice should not 
be considered as an acceptable and unavoid-
able complication.27   In the ISI scoring sys-
tem, 2mm of bone loss was considered equal 
to 20%, because the ISI classification is per-
formed based on at least 10mm of implant length.

ISI: ImplAnt SUccESS InDEx
The most significant characteristics of 
the new scoring system are as follows:
●  ISI is a scoring system that classifies the suc-

cess of inserted implants in a quantitative scor-
ing manner. It is completely different from fully 
qualitative systems based on success criteria 
such as ability to chew and patient satisfaction.

●  It can be used for evaluating the success 
of implantation in a single implant, specific 
case or patient, and in different subjects 
treated using similar clinical procedures. 

●  ISI is not time dependent.  It can be used at 
baseline evaluation and repeated during the 
maintenance phase.  Also, it would be a good 
candidate system for representation of the 
outcome of specific treatment procedures by 
comparing pre- and post operative scores.

●  It is adjustable to different implant types, 
provided that the reference line is determined  
correctly (Figure 2).

●  ISI is easy to learn, remember, and use due 
to its simplicity (Table 1).

Figure 3:  Schematic drawing illustrating hard and soft 
tissue around the implants.
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Comprehensive evaluation of implant 
success requires further focus on esthetic 
requirements of the suprastructure and peri-
implant tissue.  A special index named ‘Pink 
Esthetic Score’ was introduced for this pur-
pose.28  However, such scoring systems have 
not been popularly used as practical systems 
due to their details and complexities. There-
fore, modified and simplified scoring systems 
have been used in various retrospective and 
prospective studies that have focused on 
esthetic outcomes.29,30  The ISI classification 
system is applicable to all study types ranging 
from case series to clinical trials. It provides 
a good opportunity for clinicians to compare 

the results of studies which have reported 
implant success rates using other criteria. ●
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Table 1:  Implant Success Index (ISI)

 

 Scores Soft Tissue Level (SL) Hard Tissue Level (HL) Clinical Findings  

 ISI I SL+, PPD≤4mm, BOP- HL+ Clinically Healthy

 ISI II SL+, PPD≤ 4mm, BOP+ HL+ Soft Tissue Inflammation

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

 ISI IV SL+ HL-, RBL≤2 mm (≤ 20%) Initiation of Hard Tissue Breakdown

 ISI V SL- HL-, RBL≤ 2 mm (≤ 20%) Hard Tissue Breakdown Plus 
    Soft Tissue Recession

 ISI VI SL+ HL-, RBL: 2-4 mm (<40%) Notable Hard Tissue Breakdown

 ISI VII SL- HL-, RBL: 2-4 mm (<40%) Notable Hard Tissue Breakdown 
    Plus Soft Tissue Recession

 ISI VIII ---- RBL≥40% Severe Bone Loss

 ISI IX  ---- Clinical mobility Clinical failure

SL: Soft Tissue Level, PPD: Probing Pocket Depth, BOP: Bleeding on Probing, HL: Hard Tissue Level,  (+) : tissue level  
located at or coronal to reference line,   (-) : tissue level apical to reference line,(reference line for soft and hard tissue located  
at the shoulder and at the most coronal part of rough surface of implants, respectively), RBL: Radiographic Bone Loss  
detected via long cone, parallel peri-apical technique. 
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for children
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