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 Implantology have forever changed dentistry as we know it and its rapid leaps and 
bounds are trying to keep up with many of the patient’s wants and needs as well as with all 
the clinician’s skill sets. It used to be implants had to be long, engaging the zygomatic bone in 
places where bone was low on the maxilla, and dentistry evolved to move and lift the sinus. We 
used to have to move nerves on the mandible, but now we have mini implants for patients who 
would not be great candidates for such major surgical procedures. We used to have no options 
when a tooth would fracture and had to bring the depressing diagnoses to our patients with a sad 
look and offer last ditch efforts in things like root hemisections to help retrieve some semblance 
of occlusal function for people that desperately wanted to avoid dentures. Dentures are still the 
basis on which I scare my younger patients to brush and floss and to avoid the lifestyle of their 
grandparents, but implants have even become a life saver for those patients in dentures as well 
who used to suffer through their meal, eating more fixodent then food. Speaking about the good 
old days of enjoying a simple meal. 

 Implants have brought a lot of confidence to dentists in many other dental procedures, 
like root canals, knowing that if a tooth breaks or a root canal fails, all we have to do is open up 
a small sterile container and take out a titanium masterpiece of a tooth that comes in many sizes, 
which we can use to build a whole new foundation for the patients future bite. And these days, 
implants allow for amazing immediate placement, which with bone grafting has been shown 
to allow for easier and faster healing of extraction sites with less bone loss then if the implant 
was to be placed after the healing of the socket has taken place. It seems like the implant is the 
perfect tool for any general practitioner and can truly be a rescuer of hopeless teeth, impossible 
dental procedures and the patient’s bite. 

 Other things we have noticed in the 4 years we’ve been placing implants and in the 5 
years our office has been open, when an oral surgeon used to place our implants for us, is the 
staggering ability of patients to gain comfort and confidence in areas where they had severe 
pain, periodontal destruction around teeth, infections from endodontic failures, and general 
oral discomfort in all the areas where we would expect someone to be hurting. All that was to 
keep the hopeless teeth in place for a better picture, or for the lack of desire to have a gap in the 
mouth. 

 Interestingly enough, it was the other areas that the patients never complained about 
that began to become noticed and sore by the patients. Areas that we as providers had mentioned 
to them years before and got the same response of “It doesn’t hurt though Doc.” By eliminating 
the areas that the patients are desperately clinging on to, and treating those areas first, we were 
able to reduce the general discomfort the patients have been living with for years, and after the 
major problems were gone, patients started to feel the minor ones as uncomfortable, helping us 
as clinicians to deliver the full array of dentistry and help prevent the full destruction of the rest 
of the mouth. It was as if the patients have been experiencing so much pain that they had what 
I call “referred comfort.” Referred comfort is the camouflaging of pain in minor areas by pain 
and discomfort from major ones. This was most notably seen in old failed root canal procedures 
with sinus tracts that the patients wanted to hold on to in order to chew, but always avoided 
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when eating. This would lead to the overuse of the opposite side. This would lead to further poisoning of the periodontal ecosystem 
and eventually bone loss, and possible endodontic needs on the surrounding teeth from combined periodontal and endodontic lesions 
and J-lesions. Many people had said they never knew that teeth were not supposed to hurt after age 50. They believed this was the 
normal progression of aging. 

 Another issue I’ve seen increase drastically is dental hygiene compliance to flossing on a regular bases. We have all had 
patients that told us that they were afraid to floss because they were “gonna pop out their old filling or crown,” and that was a good 
enough reason for the patient to fully neglect flossing in their own minds. 

 As irrational as it sounds, there are patients like this that I encounter every week. And this condition will not change until 
the patient will have a stable oral cavity. However with the types of forces that the mouth experiences, and especially in today’s grind 
happy and stressed out society, floss is hardly the culprit in the destruction of teeth. 

 Once the implants are placed and the loose teeth were eliminated, we had noticed that patients increase the flossing of the 
entire oral cavity. The stability of their teeth allows them to focus on the rest of the big picture and to maintain the remainder of their 
teeth with gusto and vigor. This of course could be from the sticker shock of the still very expensive dental implant as well, and the 
desire to maintain something new and beautiful that the patient hasn’t had. Especially when we are talking about the anterior region 
of the mouth. But whatever it is that elevates the compliance, it’s there, and we hope it’s there to stay. This allows us to retain a 
healthy periodontia which will be important not just for dental reasons but for medical ones as well, as Diabetes and Heart disease 
have been linked to periodontitis for many years now, as have some cancers. The British Journal of Medicine as well as the American 
Diabetes Association, since 1993 and 2008 accordingly had listed that periodontal disease increases the correlation to risk factors of 
heart disease by 72 percent, diabetes by 50%, and certain cancers by 30-50%. But these facts alone were not always able to motivate 
the patient that was concerned about flossing damaging their mobile tooth. Pus from the teeth in the mouth was not enough to have 
flossing compliance. However, the delivery of the final fix in a form of the implant was indeed something that we have seen change 
our patients behavior. This allows me to confidently say that even a single implant has a huge impact on oral hygiene compliance of 
the entire oral cavity. This is of course not a full-fledged correlation, but something that had been noticed in the majority. 

 It is also widely known that people without any teeth don’t suffer from periodontal disease. Let’s not go ahead and rush 
all of our patients for full mouth extractions though as a ploy to prevent cancer. But keeping a destructive tooth in a healthy mouth 
or in an unhealthy mouth is never a good idea. However, helping people treat their dental problems and reducing their general oral 
inflammation and pain is certainly something to practice on a regular bases. By eliminating the hot spots, patients have started to 
notice other areas, such as old root canals that have stood for decades, as something that was now bothersome. Those areas may not 
warrant treatment immediately but become something we watch on a regular bases. Sometimes a CT scan of the patient will be a 
peak into what you may not see on a 2-Dimentional Periapical Radiograph. Using the Planmeca Head and Neck CT we have found 
more asymptomatic abscesses then I’d like to count. Everyone from family members to implant patients treating neighbouring voids 
has fallen into this category. It appears to me, their old root canals have found a balance in the infection and the body’s ability to re-
spond and tame the discomfort, but the abscess is still there like a time bomb waiting to break the confines of the immune system and 
erupt with pain or a sinus tract. There would be a time when we could only hope that the endodontists could retreat these failed old 
root canals, or in a worst case scenario perform an apicoectomy to further close the leaking, abscessed tooth, as if it was an agitated 
soda can of infection. And as long as it remained closed, the infection was left in the tooth and the decay would slowly continue. 

 I used to advocate the saving of the natural tooth by any means possible, but today with the magic of our tooth in a jar, aka 
Implant, I am able to provide the type of service to my patients that I myself would want. And an apico is not a procedure I’d be very 
excited about, especially knowing the epidemiology of the inside of the apicoectomied tooth. My personal philosophy has changed 
in my office, and it is entirely due to implants. Implants have even changed endodontic practices at their fundamental core both in 
my office and in that of my fellow endodontists. I have become quite proficient at root canal retreats in my career, but I simply do 
not do them myself anymore. I always give my patient the available option of seeing my fellow endodontists, who are true magi-
cians at their craft. But with the costs of a retreat being what they are, and the drop in the price of implants, I find it hard for myself 
to fight for preserving the tooth as much as I used too. And especially when I think of how humbling it is to remove a tooth that had 
undergone an apicoectomy and has been “Saved” in the mouth for 30 plus years. The bone we have to lose to retreat the entire tooth’s 
root tips and shards and the old amalgam filler is truly sad. This is all bone that could be supporting a bigger, longer implant and aid 
in avoiding peri-implantitis. 

 We still do dozens of root canals a month at my office, and the root canals are still outnumbering implants 5 to 1, but I do not 
see many retreats these days, nor do I have many patients opting to see the endodontists. There are a few exceptions, such as patients 
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on Bisphosphonate cancer therapy, and people who mentally can’t handle the idea of an implant. But those are fewer in number now 
than ever before. I used to try to retreat front teeth and still may to save the natural anterior tooth due to their enamel rich structure 
and esthetic importance, but with the revolutionary break through after break through with tissue grafting and zirconium abutments, 
these are becoming less common as well. 

 Peri-implantitis is still the major problem with implants and one that has to be communicated to patients. Nothing will 
last forever in this world, but a well maintained implant has the best chance of all. It has been a break through saver of edentulous 
patients with locator supported over-dentures and those broken teeth in accidents that would have needed a flipper or a prepping of 2 
healthy adjacent teeth for a fixed partial bridge. The future is looking bright for us dentists and I feel more and more confident each 
and every time I sit chairside with my patient knowing that in the drawer beside me is an amazing piece of engineering, science and 
art called a dental implant which I can place and allow my patient to have a great solution for years to come, and one we could both 
be happy and proud of. Here is to the implant revolution and evolution. 

Page e7
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ABSTRACT
 
 Fixed prosthodontic failures are varied and complex. Complications associated with 
conventional fixed prostheses are dental caries, need for endodontic treatment, periodontal dis-
ease. Poor esthetic is one of the most frequent reasons for replacing failed restorations. Knowl-
edge regarding the clinical complications enhances clinicians to complete a thorough clini-
cal examination and diagnosis, and to develop an esthetic-driven treatment plan including the 
selection of bleaching agent, the reconstruction type, and the ceramic material. This article 
illustrates several clinical complications of full coverage restorations, and discusses different 
therapeutic modalities which have to be combined and synchronized to enhance the esthetic 
outcome of the final fixed prostheses.

KEYWORDS: Failure; Whitening; Fiber reinforced composite post; Zirconia; Esthetic; Crowns.

ABBREVIATIONS: FPD: Fixed Partial Dentures; CAD/CAM: Computer-aided design/Comput-
er-aided manufacturing; YTZP: Yttria Stabilized Zirconia.

INTRODUCTION

 A failure has been defined as the state or condition of not meeting a desirable or in-
tended objective, and may be viewed as the opposite of success. Fixed prosthodontic failures 
can be complex in terms of both diagnosis and treatment.1 Knowledge regarding the clinical 
complications that can occur in fixed prosthodontics enhances the clinician’s ability to com-
plete a thorough diagnosis, develop the most appropriate treatment plan, communicate realistic 
expectations to patients, and plan the time intervals needed for post treatment care.2 When a 
crown or Fixed Partial Dentures (FPD) fails, the primary question is whether the problem can 
be easily resolved, or requires extensive rehabilitation and reconstruction. A mild failure may 
be considered one that is generally correctable without having to remake the restoration.1 As a 
matter of fact, the objectives of fixed prosthodontic treatment include: the preservation or the 
improvement of tissue structure, oral functions, and esthetics, ensuring restoration retention, 
resistance, and stability, and improving patient comfort for maximum longevity.1

 Fixed prosthodontic failures are varied and include secondary caries, endodontic com-
plications, ditching of the cement margin, unacceptable esthetics, cracking, and chipping frac-
ture.3 Burke, et al. reported in a retrospective study that there were 36% of the re-intervention 
involving recementing, 17% replacement of crowns, 13% direct restorations, and 12% root 
treatment.4

 Walton, et al.5 studied in 1986 the causes of loss of serviceability of crowns and FPD, 
and concluded that secondary caries were the most frequent cause of failure accounting 24.3% 
of the units requiring replacement. The decay process may be responsible for the structural 
weakening of teeth.6 This may explain what was cited by Burke, et al.4 reporting a percent-

http://openventio.org/Volume2_Issue4/Clinical_Attitude_for_Failed_Fixed_Restorations_An_Overview_DOJ_2_119.pdf
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age of 12% of root treatment as a reason of re-intervention on 
crowns placed in the oral cavity for 18 years or more. The car-
ies removal and teeth preparation for endodontic treatment may 
contribute to the increased fragility. 

 In case of large destruction of coronal tooth structure 
and after endodontic therapy, the reconstruction of structurally 
compromised non vital teeth seems to be necessary. In fact, se-
lecting the appropriate reconstruction for each non vital tooth 
should be based on many factors such as the remaining hard 
tooth structure, the number and thickness of the residual cavity, 
the position of the tooth in the arch and the load implied.6 The 
clinical choice may be an esthetic post and core restoration con-
sisting of a composite resin core retained by a fiber post which 
has better stress distribution pattern and esthetic result.7

 As reported, Walton, et al.5 periodontal diseases or mo-
bility were the next most frequent oral diseases causing failure 
of single crowns or PDF accounting 4.6% of all units requiring 
replacement. The second most frequent reason for replacement 
was poor esthetics as reported by patients themselves accounting 
for 6% units requiring replacement. Worn or loss of resin ve-
neers led to failure in 10.8% of the units observed and the need 
of replacement in 7.2%. 

 The metallic component in some restorations can cause 
a discoloration of the abutment teeth and gingival collar, and 
aesthetic demands have an enormous impact of the treatment 
planning of single tooth crowns replacement, this leads to in-
terdisciplinary treatments such as intracoronal bleaching to im-
prove esthetic, and to the use of colored material like ceramic 
and glass fiber post with a reinforced composite to build up post 
cores.8

 Following the introduction of the first feldspathic por-
celain crown, the interest and demand for non-metallic and bio-
compatible restorative materials increased for clinicians and pa-
tients. Developments in ceramic core materials such as lithium 
disilicate, aluminium oxide, and zirconium oxide have allowed 
more widespread application of all-ceramic restorations over the 
past 10 years.9

 In the past, the importance of esthetics was discount-
ed in favor of terms such as function, structure, and biology. 
However, if a treatment plan does not begin with a clear view 
of its esthetic impact on the patient, then the outcome could be 
disastrous. In today’s interdisciplinary dental world, treatment 
planning must begin with well-defined esthetic objectives. By 
beginning with esthetic considerations, and taking into consider-
ation the impact on function, structure, and biology, the clinician 
can use the various disciplines in dentistry to deliver the highest 
level of dental care to each patient.10

 The ultimate goal of single crown replacement is to 
treat at first crown complications and second to improve es-
thetic and to restore function. This article illustrates the clinical 

techniques and esthetic-driven sequence for an outcome-based 
protocol that enhances therapeutic cohesiveness and ensures the 
sequential transfer of design objectives for the preservation of 
esthetics in multidisciplinary therapy.

MANAGEMENT PROTOCOL

 Complex perio-prosthetic cases that require multidis-
ciplinary therapy often result in compromised esthetics.11 Once, 
of the most common, yet difficult clinical determination is the 
prognosis of teeth that may serve again as prosthetic abutments. 
The crown-to-root ratio is one of the primary variables in the 
evaluation of the suitability of the tooth as an abutment for a 
fixed partial denture. Radiographic evaluation has been the most 
widely used technique in clinical practice for assessing bone 
level around teeth.12 If the abutment can be conserved and the 
crown removal is recommended, it should be atraumatic to al-
low the protection of residual tissues, and then to inspect the 
prepared abutments.

Why Treating Abutments Endodontically?

 Usually, when abutments are misaligned, orthodontic 
treatment is often an integral component of multidisciplinary 
therapy, frequently enhancing the esthetics of the final restora-
tions.11 However, sometimes this treatment option cannot be ac-
cepted by the patient who refuses any long-lasting treatment. In 
same situations in order to realign the teeth in occlusal plan, the 
axes of the abutments need to be significantly shifted. This rec-
tification can require in some situations an endodontic treatment 
of the vital abutment. As it was reported by Goodcare, et al.2 in 
2003 that two of three needing endodontic treatment occurred in 
conjunction with tooth preparation and one subsequent to res-
toration. Stavropoulou, et al.13 showed in 2007 that root canal 
treated teeth restored with crowns show an acceptable long-term 
survival of 10 years. The quality of root canal preparation and 
filling and coronal sealing are essential factors to achieve high 
rates of success.14 In fact, the root canal treatment excellency is 
associated with the disinfection process, which involves remov-
ing microorganisms from the root canal system by emptying, 
cleaning, and enlarging/shaping, combined with the use of anti-
bacterial therapies.14 Estrela, et al.14 reported that higher success 
rates are achieved when root canal filling is short 1 to 2 mm of 
the apex, and the filling material should remain confined to the 
root canal.

Bleaching Agent Selection

 On the other hand and after removing metal restora-
tions, the abutments can be discolored. This leads to intracoro-
nal whitening as a step to lighten the abutment, especially when 
translucent ceramics are recommended. Intracoronal bleaching 
is a conservative alternative to the more invasive esthetic treat-
ment of non-vital discolored teeth. For that a careful examination 
is necessary, since the method requires healthy periodontal tis-
sues and a root canal that is properly filled to prevent the bleach-
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ing agent from reaching the periapical tissues.15 Maleknejad, et 
al.16 demonstrated in 2012 that all bleaching agents increased 
dentinal tubule diameter and promote alterations in mineral con-
tent of dentin with the exception of sodium perborate mixed with 
water. Chemical analysis revealed a significant reduction in sul-
fur weight percent in sodium perborate mixed with water and 
no significant reduction in phosphorus and calcium weight per-
cent. These findings were proved by Rotstein, et al.17 Moreover, 
Dahl, et al.15 proved that no evidence of root canal resorption 
was found when sodium perborate mixed with water was used as 
a bleaching agent. More than 90% immediate success has been 
reported with the conventional bleaching process using sodium 
perborate mixed with water.18 Dahl, et al.15 reported that at pres-
ent no study has provided a good predictor for the long-term 
outcome of internal bleaching. Sometimes, the attempt of whit-
ening cannot be contributing and a slight discoloration persists. 
This can lead to contra-indicate vitro-ceramic in favor of opaque 
ceramic which can hide the coloration of the abutment tooth.

Why Fiber Reinforced Composite Posts Are Recommended?

 In another point of view, and after failed restoration 
removal, abutments can be decayed. This can indicate its recon-
struction. For that, many clinical factors can be implicated when 
selecting the appropriate reconstruction for non-vital tooth, such 
as: the number, the thickness and the length of residual dental 
tissues, the remaining hard tooth structure, the position of the 
tooth into the arch and the load implied, and the type of the res-
toration.6 Recently, fiber reinforced composite post and core sys-
tems have become widely used in the restoration of endodonti-
cally treated teeth. Fiber reinforced resin posts offer a number 
of advantages over metal posts thanks to their modulus of elas-
ticity being closer to that of dentin and superior esthetic qual-
ity.19 For esthetic consideration, dentin color post core materials 
are normally used for all-ceramic crown restorations regarding 
its esthetic performance.8 Teeth restored with fiber reinforced 
resin posts show better resistance to fracture propagation than 
teeth restored with prefabricated or cast metal posts.19 Differ-
ent factors are important in longevity of the post and compos-
ite core restorations, such as: the core material, post type, and 
the bonding strength between the fiber post and the composite 
cement, and between post and the composite core restoration. 
But the failure of these restorations mostly occurs at the junc-
tion between the composite resin core and fiber post. Howev-
er, Chemical treatments can also roughen the post surface and 
consequently increase its mechanical interlock with composite 
resin core. Mosharraf, et al.7 proved in 2012 that the tensile bond 
strength of core resin to fiber posts was affected by the surface 
treatments applied to the post surface. Sandblasting and silani-
zation of the post surface could result in a slight improvement 
of the bonding strength of core resin to fiber posts. Hattori, et 
al.19 reported in 2010 that the use of a prefabricated fiber post 
in a post-and-core complex improved the flexural properties of 
the core composite, regardless of fiber direction. Roberto, et al.20 
studied the influence of different restorative procedures on the 
fracture resistance of endodontically treated teeth submitted to 

intracoronal bleaching, and found a decrease in the fracture re-
sistance of teeth submitted to dental bleaching, and restored only 
with composite resin or with fiberglass post, with no statistically 
significant difference observed when these teeth were compared 
to healthy teeth.

Recommendations for Preparation 

 After abutment teeth reconstruction, preparations 
should be rectified following traditional preparation guidelines 
not only to enhance retention of all-ceramic crowns, but also 
for stress distribution during dynamic loading of the restoration. 
Tooth preparations are made in a standardized manner: the in-
cisal edge reduction is 1.5 to 2 millimeters, 10 degrees taper is 
made following the scalloping of the free gingiva margins. For 
esthetic reasons and for a sound tooth structure, the facial side 
taper is generally located 0.5 millimeter deep subgingivally with 
a supragingival lingual side.21 Orkin, et al.22 proved since 1987 
that the mean duration of subgingival crowns is significantly 
longer than the supragingival crowns. Feather-edge finish lines, 
deep retentive grooves, and complex occlusal morphology are 
not recommended, not only for scanning and milling prerequi-
sites, but also to decrease stress that would develop in a restora-
tion with inadequate preparation and margin geometry.9

Interim Restoration Roles

 A completed laboratory wax up reflecting final restora-
tions should be utilized as a basis for the fabrication of a provi-
sional prosthesis. Since the aesthetic outcome is pre-established 
in the waxup and subsequently programmed into the design of 
the provisional prosthesis, the latter may be utilized as a guide 
during adjunctive treatment procedures.11 This provisional helps 
also to periodontal healing and serve to control the reduction 
measurements of prepared teeth. Once space requirements are 
satisfied, the procurement of accurate definitive impressions is 
quintessential to the fabrication of indirect restorations. Ade-
quate periodontal health is a prerequisite to maintain predictable 
post-impression gingival margins. Atraumatic cord placement is 
mandatory if soft tissue marginal integrity is to be maintained. 
Proper technique will limit cord placement to the gingival sulcus 
and the junctional epithelium.11 Then, the master impression is 
made reproducing the finish line, the prepared teeth, and the root 
emergent area. 

Ceramic Selection

 As it is known that the poly crystal ceramics are more 
opaque than vitro-ceramic. So when abutment discoloration per-
sists, the opaque ceramics are recommended. With the devel-
opment of crystalline ceramics, alumina and zirconia came into 
use for prosthetic reconstruction.23 Zirconia based prostheses are 
commonly used for esthetic crowns and fixed restorations.21 It 
can be indicated for posterior teeth, and for opaque or discolored 
anterior teeth. The overall esthetic and biological clinical scores 
for the analyzed zirconia prostheses are universally acceptable. 
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Tartaglia, et al.21 reported that the patient satisfaction with the 
zirconia crown was also generally high. A shaded zirconia core, 
which has a more natural appearance with an opaque, yellow 
dentin overlaid by translucent enamel, provides greater esthetic 
results.24 These findings were also confirmed by Schmitter, et 
al.25 Yttrium-oxide partially stabilized zirconia (Y-TZP) has me-
chanical properties that are attractive for restorative dentistry; 
namely, its chemical and dimensional stability, high mechani-
cal strength, and fracture-toughness.9 Its mechanical properties, 
which are similar to those of stainless steel, allow for a sub-
stantial reduction in core thickness. Cyclical stresses are also 
well tolerated by this extremely biocompatible material.21 So, 
zirconia has an acceptable clinical longevity that accompanies 
their long-lasting esthetic advantages.26 Örtrop, et al.27 evaluated 
in 2012 the 5-year clinical performance and survival of zirconia 
single crowns and found that out of the 143 crowns followed 
for 5 years, 126 (88%) did not have any complications. How-
ever, 9% of the restorations were judged as failures. Neverthe-
less, chipping of the veneering ceramic on zirconia restorations 
continues to be a problem.26 Y-TZP can be manufactured through 
Computer-aided design/Computer-aided manufacturing (CAD/
CAM) technology. 

CONCLUSION

 Clinical complications in fixed prosthodontics require 
specific knowledge by the clinician to enhance a thorough diag-
nosis. Compromised abutments may need an endodontic treat-
ment and reconstruction that should be selected appropriately re-
garding esthetics and fracture resistance of abutments. Esthetic 
reasons confirm the need of bleaching and opaque ceramic to 
hide abutment coloration. Zirconia prostheses may be a suitable 
treatment as they proved an overall esthetic and biological clini-
cal scores.
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ABSTRACT

Background: Periodontal disease is one of the most widespread bacterial diseases of mankind 
and is estimated to affect 10-15% of the population. Data indicate that the prevalence of peri-
odontal disease is very high particularly in several African countries affecting all age groups. 
The purpose of the present investigation was to study the prevalence of periodontal disease 
among 1282(15-65 years) old individuals attending the Department of Dentistry of the Rwanda 
Military Hospital (RMH) from July to December 2013. In addition, an attempt is made to iden-
tify possible risk factors of periodontal disease in this population.
Methods: The study included all patients aged 15-65 years old. This was a retrospective cross-
sectional study where by we abstracted data from medical files of the patients and then com-
pleted a questionnaire designed for each patient. Periodontal status was assessed using the 
epidemiological part of the Community Periodontal Index of Treatment Needs (CPITN), the 
Community Periodontal Index (CPI) with 10 index teeth (17, 16, 11, 26, 27, 47, 46, 31, 36, 
37) and 6 sextants (17-14, 13-23, 24-27, 38-34, 33-43, 44-47) per individual, four indicators of 
periodontal status were applied. All statistical analyses were performed using SPSS version 20.
Results: Of the 1282 patients enrolled in the study, 49.5% were detected with calculus. Shal-
low pockets (4-5 mm) were present in 26.1%, and 13.6% had deep pockets (>5 mm), 9.3% had 
bleeding, and only 1.5% were healthy. After multiple regression analysis and adjustment for 
potential confounders, our findings indicated that the age, a low level of education, frequency 
of tooth brushing, attending dental clinic only in an emergency, diabetes mellitus, HIV/AIDS, 
and smoking (P<0.01) were all statistically associated with the dependent variable “periodontal 
disease”.
Conclusion: The results demonstrate that the vast majority of patients attending the Department 
of Dentistry at RMH in Rwanda had different degrees of periodontal infection and demonstrates 
for the first time high prevalence of periodontal status and associated risk factors in an adult 
cohort. Our findings are of major public health significance and needs urgent attention and also 
calls for further population-based research studies.

KEYWORDS: Prevalence; Periodontal diseases; Risk factors; Adults; Rwanda.

ABBREVIATIONS: ANUG: Acute Necrotizing Ulcerative Gingivitis; AOR: Adjusted Odd Ra-
tio; CAL: Clinical Attachment Level; CDC: Centers for Disease Control and Prevention; CI: 
Confidence Interval; CPI: Community Periodontal Index; CPITN: Community Periodontal In-
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dex of Treatment Needs; DHS: Demographic and Health Sur-
vey; NHANES III: National Health and Nutrition Examination 
Survey III; OR: Odd Ratio; RMH: Rwanda Military Hospital; 
SES: Socioeconomic status; WHO: World Health Organization; 
USA: United States of America; UR/CMHS/SPH: University of 
Rwanda, College of Medicine and Health Sciences, School of 
Public Health.

BACKGROUND

 Periodontal disease is an inflammatory disease that af-
fects the soft and hard structures that support the teeth and is a 
leading cause of connective tissue attachment and tooth loss in 
older adults.1 They are the most common chronic diseases af-
fecting people of all ages worldwide. However, the severe forms 
of the disease are more pronounced in older individuals primar-
ily due to prolonged exposure to risk factors.2 Several methods 
have been developed to study the distribution of periodontal 
diseases in a population. From the epidemiological and clinical 
data, it is clear that the severity of periodontal disease can be 
categorized as mild, moderate, or severe on the basis of multiple 
measurements of periodontal pocket depth, attachment loss, and 
gingival inflammation around teeth.3 Additionally, data from 
large epidemiological studies indicate in some populations peri-
odontal disease is more prevalent in males than in females and 
it worsens with increasing age.4,5 One of the major risk factors 
of periodontal diseases is considered to be poor oral hygiene.5 
The most widely accepted methods for controlling periodontal 
diseases and the associated conditions are personally and profes-
sionally applied mechanical oral hygiene measures.6,7

 Severe periodontal disease can be associated with other 
systemic diseases, for example, diabetes mellitus, HIV infection, 
adverse pregnancy outcomes, cardiovascular diseases, certain 
types of leukemia, neutropenias and genetic disorders. Further-
more, some systemic diseases have oral manifestations which 
increase the risk of oral disease, which in turn is a risk factor for 
a number of general health conditions.5,8 With such a relation-
ship between oral health and general health, there is a strong rea-
son to prevent and control periodontal diseases, to do otherwise 
would be irresponsible and unethical.

 To date, there is no information on the prevalence and 
risk factors of periodontal diseases in Rwanda. Such data are 
important to identify people at high risk for periodontal disease 
and undertake strategic planning for preventive and therapeutic 
programs. Against this background, the present study has been 
designed to study the prevalence of periodontal diseases and 
associated risk factors including the age, gender, frequency of 
tooth brushing, and smoking in an adult population seeking den-
tal services in Rwanda Military Hospital, Kigali City, Rwanda. 

METHODS

 This retrospective, cross-sectional, descriptive study 

was undertaken to evaluate the periodontal status and their risk 
factors in 15-65 year old individuals attending the Department 
of Dentistry of the Rwanda Military Hospital (RMH) at Kicukiro 
District, Rwanda. A total of 1282 adults aged of 15-65 who at-
tended the Hospital for dental services from July to December 
2013 were included in the study.

DATA COLLECTION

 The required information for each patient was abstract-
ed from their medical files and then completed using a ques-
tionnaire designed for each patient. The questionnaire was com-
posed of 4 parts: demographic characteristics (sex, date of birth, 
educational level and occupation); oral health behaviours (oral 
hygiene aids used, use of toothpaste, frequency of tooth brushing 
and flossing, current smoker, frequency of smoking, preventive 
dental visits and other aspects of care that might influence the 
participant’s oral health); systemic diseases and other conditions 
related to periodontal diseases and finally, periodontal condition.
Community periodontal index (CPI) of community periodontal 
index of treatment need (CPITN) was used to record the peri-
odontal status. Periodontal status was assessed using the epide-
miological part of the CPITN, the CPI12,13 with 10 index teeth 
(17, 16, 11, 26, 27, 47, 46, 31, 36, 37) and 6 sextants (17-14,13-
23, 24-27, 38-34, 33-43, 44-47) per individual, four indicators of 
periodontal status were recorded.

 When two indexed teeth were considered in a sextant, 
the tooth with the highest score was recorded. Each indexed 
tooth was scored on 2 sites (buccal and lingual) and each sex-
tant was scored according to its highest CPI score. If no indexed 
tooth was present in a sextant, all the remaining teeth in that 
sextant were examined and the highest score was recorded as the 
score for that sextant. The overall CPI score of the participant 
represented the value of the highest recorded code for that indi-
vidual. A patient was considered as having periodontitis when 
he/she was classified as having CPI ≤ to 3.

STATISTICAL METHODS

 Statistical analysis was performed using statistical 
package for social sciences (SPSS version 20). Cross tabula-
tion, chi square statistics, logistic regression analyses was used 
for statistical analysis at 5% level of significance. The variables 
were age, gender, education level, occupation, use of toothpaste, 
frequency of tooth brushing, frequency of tooth-flossing, dental 
office attendance, variables related to conditions known to be 
linked to periodontal diseases and variables related to smoking 
status of the patient. These variables were compared with the 
CPI codes.

ETHICAL CONSIDERATIONS

 Permission and ethical clearance was sought from the 
Institutional Review Board of the University of Rwanda, College 
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of Medicine and Health Sciences, School of Public Health (UR/
CMHS/SPH). Approval reference number was 017/UR/CMHS/
SPH/2014. The UR/CMHS/SPH Institutional Review Board is 
operating under the Rwanda National Ethics Committee (FWA 
Assurance No: 00001973; IRB 00001497 of IORG 0001100).
This study was based on hospital records.

RESULTS

 Of the 1282 adults who participated in this study, 
588(45.9%) were females and 694(54.1%) were males. 
773(60.3%) were in the age group of 15-34 years and 509(39.7%) 
35-65 years. 173(13.5%) were illiterate or had primary school 
level of education while 1109(86.5%) had secondary or 
university level of education; 511(39.9%) were unemployed 
and 771(60.1%) were employed (Table 1). All patients enrolled 
in the study were documented as using a toothbrush. In terms 
of frequency of tooth-brushing, more than half of the patients 
enrolled in the study (69.7%) were reported as, brushing once 
per day, 349(27.2%) were reported as brushing twice or more 
a day and 39(3%) were brushing their teeth irregularly. The 
vast majority of the patients numbering at 1280(99.8%) were 
documented using dome form odd toothpaste. Of 1256 patients 
98 percent never used dental floss.

 

 Only 22(1.7%) reported were irregular users of dental 
floss, 3(0.2%) were using dental floss once per day. A single indi-
vidual (0.1%) was using dental floss twice or more a day. As per 
dental office attendance, 1217 patients (94.9%) reported attend-
ing when there is an emergency dental situation while 65(5.1%) 
were attending the dental department for preventive purposes 
(Table 2). The prevalance of conditions that impact on the patho-
genesis is of periodontal diseases are shown in Table 3. Accord-
ingly, a small proportion of patients, 107(8.3%) were pregnant, 
107(8.3%) were documented as diabetic patients, 104(8.1%) 
were living with HIV/AIDS and 23(1.8%) suffered from differ-
ent forms of cancer. As for the smoking status of the participants, 

those who never smoked comprised 108(9.5%) of the study pop-
ulation. The vast majority 1257(98%) were documented as not 
undergoing orthodontic treatment. Of the 1282 adults enrolled 
in the study, the majority, 49.5% were detected with calculus 
followed by shallow pockets (4-5 mm) 26.1%; 13.6% had deep 
pockets, 9.3% had bleeding, and only 1.5% were healthy as it is 
demonstrated in Table 4.

 

 

Variables Number %

Age

15-34 years old 773 60.3

35-65 years old 509 39.7

Gender

Female 588 45.9

Male 694 54.1

Education level

Illiterate or primary school 173 13.5

Secondary school/University 1109 86.5

Occupation

Unemployed 511 39.9

Employed 771 60.1

Table 1: Socio-demographic characteristics of the study population (N=1282). 

Variables Number %

Tooth-brushing

Irregular 39 3.0

Once per day 894 69.7

Twice or more a day 349 27.2

Use of toothpaste

Yes 1280 99.8

No 2 0.2

Tooth-flossing

Never 1256 98.0

Irregular 22 1.7

Once per day 3 0.2

Twice or more a day 1 0.1

Dental Office Attendance

Emergency only 1217 94.9

Preventive 65 5.1

Table 2: Oral health behaviour (N=1282).

Variables Number %

Orthodontic treatment

Yes 25 2

No 1257 98

Pregnancy

Yes 107 8.3

No 1175 91.7

Diabetes

Yes 107 8.3

No 1175 91.7

HIV/AIDS

Yes 104 8.1

No 1178 91.9

Cancer

Yes 23 1.8

No 1259 98.2

Smoking Status

Ever smoked 108 9.5%

Never smoked 1174 91.5%

Table 3: Distribution of clinical conditions known to be related to Periodontal Dis-
eases (N=1282).
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 In the logistic regression (full and reduced model) 
shown in Table 5, patient between 35-65 years old were 11.421 
times more likely to develop periodontal diseases. On the other 

hand low level of education, irregular tooth brushing, attending 
dental clinic only in an emergency situation, diabetes mellitus, 
HIV/AIDS and smoking were also associated with periodontal 
diseases.

DISCUSSION

 The purpose of this study was to determine the preva-
lence of periodontal disease among individuals aged between 
15-65 years old who attend dental clinic in Rwanda Military 
Hospital. In our study, one of the most frequently observed con-
dition was calculus at any supra or sub gingival site (49.5%) 
followed by shallow pockets of 4-5 mm (26.1%). Deep pockets 

CPI Variables Number %

0 Healthy gingival 19 1.5

1 Bleeding on gentle probing 120 9.3

2 Calculus at any supra or sub gingival site 635 49.5

3 Shallow pocket (4-5 mm) 334 26.1

4 Deep pocket (6 mm or more) 174 13.6

Table 5: Predictors of periodontal diseases.

Table 4: Distribution of Periodontal Condition (N=1282).

Full model Reduced model

Factors Prevalence OR 95% C.I. P value AOR 95% C.I. P value

1. Socio-demographic characteristics

Age

15-34 years old 15.9% 1 1

35-65 years old 75.6% 11.440 (8.032-16.294) 0.000** 11.421 (8.029-16.247) 0.000**

Education level

Illiterate or primary school 69.9% 1 1

Secondary school and beyond 34.9% 0.360 (0.221-0.586) 0.000** 0.358 (0.220-0.583) 0.000**

Occupation

Unemployed 24.7% 1 1

Employed 49.5% 2.017 (1.374-2.962) 0.000** 2.042 (1.392-2.997) 0.000**

Oral health behaviour characteristics

Toothbrushing

Irregular user 92.3% 1 1

Regular user 38% 0.100 (0.023-0.428) 0.002** 0.105 (0.025-0.446) 0.002**

Dental Office Attendance

Emergency 40.4% 1

Preventive 24.6% 0.244 (0.119-0.501) 0.000** 0.243 (0.119-0.498) 0.000**

2. Clinical conditions known to be related to Periodontal Diseases

Pregnancy

Yes 22.4% 1

No 41.2% 1.369 (0.770-2.432) 0.285 - - -

Diabetes

Yes 90.7% 1 1

No 35% 0.327 (0.159-0.673) 0.002** 0.317 (0.154-0.651) 0.002**

HIV/AIDS

Yes 93.3% 1 1

No 34.9% 0.027 (0.011-0.064) 0.000** 0.146 (0.011-0.063) 0.000**

3. Smoking status

Smoking status

Patients with smoking history 90.7% 1 1

Patients without smoking history 34.9% 0.150 (0.071-0.319) 0.000** 0.146 (0.069-0.310) 0.000**
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of more than 6 mm were found in 13.6% of the subjects. Bleed-
ing on gentle probing was found in only 9.4% of the population 
surveyed. Only 1.5% had healthy periodontium (Table 4). These 
findings are not surprising as most of the cohort were nit attend-
ing to regular oral hygiene measures.

 The high prevalence of gingivitis (58.9%) and peri-
odontitis (39.6%) found in this study is similar to that of gingi-
vitis (98.7%) reported in a similar study done in Morocco and in 
West Africa (84.2%) respectively.14-17 The latter studies of Harley 
and Floyd,14 Adegbembo and El-Nadeef,15 Kubota, et al.,16 indi-
cate that the major problem in this geographic region as in many 
other jurisdictions of the developing world is gingivitis and to a 
lesser extent periodontal disease. Other studies, for instance in 
Gambia, have also shown a much higher proportion (80%) of 
participants in need of complex periodontal treatment.17 Interest-
ingly in Uganda, 41% of the subjects in the age group below 25 
years, one of the major problems reported were Acute Necrotiz-
ing Gingivitis18 and early onset periodontitis (28.8%). 

 Further in Kenya, where both the child and adult popu-
lations have been studied adults studied, aged 15-65 years, only 
20% of the surfaces had loss of attachment ≥4 mm.19 In Tanza-
nia, in 1967, it had been reported from the Usambara Moun-
tains, particularly from Bumbuli and Mayo villages that more 
than 75% of the people over 20 years had different degrees of 
periodontal infection.20

 The risk factors for periodontal disease in our study 
population were older age, low level of education, poor oral hy-
giene, the behaviour of attending dental clinic only when the 
patient is sick, diabetes, HIV/AIDS and smoking.21-24 Therefore, 
some of these modifiable risk factors should be considered to 
improve the oral health of these populations. 

 The surface of calculus is always covered by a viable 
microbial plaque with periodontal pathogens, and therefore it is 
considered to be a secondary etiological factor for periodontal 
disease.25 The proportion of study participants that exhibited 
these risk factors was 58.9% and therefore population-based 
preventive measures should be done as a priority. 

 Our findings showed a high prevalence of periodontal 
disease in diabetics compared with their peers without diabetes 
(90.7% versus 35%) and this difference was statistically signifi-
cant (p<0.01). It is now known that periodontal disease is often 
a complication of diabetes. Indeed, a recent meta-analysis of 23 
studies the authors concluded that the prevalence and severity 
of periodontal disease is greater in diabetics than non-diabetics. 
On the other hand, periodontitis contributes to poor metabolic 
control in people with diabetes26-35 which can in turn place them 
at risk for diabetic complications. More studies are needed to ex-
plore fully the effects of periodontal diseases and their progress 
in diabetes patients.

CONCLUSION

 This study shows that the oral hygiene status among 
the study population was very poor, and did not match the self-
reported tooth brushing practices. The majority had plaque, 
calculus, gingival bleeding and a moderate periodontal probing 
pocket depth of 4-5 mm. In view of the potential association 
of periodontal disease with systemic diseases (atherosclerosis, 
diabetes, HIV/AIDS, Leukemia, myocardial infarction, stroke 
and pregnancy) as documented in different studies, this current 
health situation is of major public health significance and needs 
urgent attention. To conclude, our study for the first time has 
provided an insight into the periodontal status and risk factors 
for periodontal disease among adults aged between 15-65 years 
old in Rwanda. As such it provides valuable information to help 
plan a full national study.
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ABSTRACT

 The ellagitannin type polyphenols present in Pomegranate extracts (POMx) have been 
associated with numerous health benefits including antibacterial activities. Despite their anti-
bacterial potency, however, these purified pomegranate polyphenol extracts need to be incorpo-
rated into a delivery system for convenient human treatments. In this study, we performed a de-
tailed investigation of the antimicrobial activity of pomegranate polyphenol fortified lozenges 
against oral bacteria including the major cariogenic species Streptococcus mutans. Since oral 
bacteria exert their cariogenic effects when they are attached as biofilms on the tooth surface, 
we developed a stationary saliva-derived biofilm model for high throughput parallel screening 
to assess effects on bacteria in their biologically relevant mode. We found strong antibacterial 
activities (up to >99% killing of biofilm cells) for the POMx lozenges at exposure times (15-20 
min) relevant for lozenge consumption. Most interestingly, S. mutans appeared to be even more 
sensitive to these products than the general biofilm population. Furthermore, consistent with 
data derived for polyphenols extracted from other plants, the POMx lozenges completely pre-
vented bacterial surface adherence as determined by live imaging. In summary, our data show 
that the strong antibacterial and anti-adherence activities of pomegranate extracts are main-
tained after processing in products such as the POMx lozenges that can be easily consumed and 
are therefore excellent candidates for prevention and possibly treatment of oral disease. 

KEYWORDS: Pomegranate extract; Antimicrobial activity; Adherence; Biofilm; Streptococcus 
mutans.

ABBREVIATIONS: POMx: Pomegranate extracts; HBP: Hop Bract Polyphenols; GAE: Gallic 
Acid Equivalents; Scr: Sucrose; BHI: Brain Heart Infusion; MIC: Minimum Inhibiting Con-
centration; PBS: Phosphate-Buffered Saline. 

INTRODUCTION

 Oral plaque (biofilm) control is essential to oral disease prevention due to its strong 
association with dental caries and periodontitis incidence.1 Typical approaches to oral biofilm 
reduction include treatment with antibacterial synthetic chemical compounds such as chlorhexi-
dine or triclosan.2 In recent years, the search for effective antimicrobials lead to a renewed inter-
est in traditionally used natural substances in medical as well as the dental applications. An in-
creasing body of research explores the antibacterial potential of especially plant extracts such as 
polyphenols in search for more effective and readily available biofilm control agents.3-14 A con-
siderable portion of these reports focuses on the efficacy against Streptococcus mutans,3,5-9,11,15-24 
an oral pathogen which has been recognized as the primary etiological agent for dental caries.25 

 Polyphenols extracted from various plants were reported to display a broad spectrum 
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of antimicrobial, antiviral and antifungal activities,26 which in-
clude a positive effect on oral health.27 More detailed mechanis-
tic studies revealed that green and oolong tea extract containing 
catechines and other polymeric polyphenol inhibit glucosyl-
transferase activity in different species of mutans streptococci, 
consequently reducing glucan synthesis.5,16,19 Diminished glucan 
synthesis was reported to decrease S. mutans surface attachment 
in vitro28 as well as caries incidence in S. mutans infected rats.29 
Similar to the polyphenols found in tea leafs, polyphenols iso-
lated from Hop Bract Polyphenols (HBP) exhibited inhibition 
on S. mutans glucan synthesis and adherence in vitro.9 More re-
cently, a clinical study revealed that HBP can suppress plaque 
re-formation during a three day period after complete plaque 
removal.22

 Another botanical product with a natural high content 
of polyphenols are pomegranates.30,31 These fruits have been cul-
tivated since ancient times and were early on linked to numerous 
health benefits which include strong antibacterial activities.26 A 
number of clinical trials have confirmed the health promoting 
effect of pomegranate based products in reducing low-density 
lipoprotein oxidation and plaque build up in atherosclerotic le-
sions,32-34 and most recently, a clinical study indicated that an 
alcoholic pomegranate extract is active against dental plaque 
bacteria.27 

 In this study, we evaluated the antimicrobial effect of 
lozenges containing a pomegranate extract (POMx) that differs 
in composition from a previously reported alcoholic extract.27 
We developed an in vitro saliva-derived biofilm model that 
enables assessment of effects against oral biofilms and the pri-
mary causative agent of dental caries, S. mutans in particular. 
Inhibition of oral bacterial surface adherence was monitored 
using time-lapse video microscopy. The finding that the POMx 
containing lozenges exhibit very strong antibacterial as well as 
anti-adherence activities is very promising, since these products 
are ready for human consumption and can be easily applied for 
therapeutic treatment of oral diseases.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions

 S. mutans strain JM11 (UA140::pldh-luc, Spcr)35 was 
grown anaerobically (N2 85%, H2 10%, and CO2 5%) at 37 °C in 
BHI medium or on BHI agar plates supplemented with 800 μg/
ml spectinomycin (Sigma, St Louis, MO, USA).

Treatment Solutions

 Pomegranate extract (POMx) containing lozenges were 
obtained from POM Wonderful, LLC (Los Angeles, CA, USA). 
Lozenges were manufactured according to standard hard loz-
enge sugar process (Yummy Earth, LLC) containing two levels 
of purified pomegranate polyphenol extract powder (POMx). 

Lozenge-50 and lozenge-100 contained 1.44% for 10,000 ppm 
(50 mg/lozenge) and 3.09% for 20,000 ppm (100 mg/lozenge) 
polyphenol Gallic Acid Equivalents (GAE), respectively. The 
mean lozenge weight was 5 grams with the hard lozenge base 
mainly comprised of Sucrose (Scr). The lozenges were dissolved 
in 10 ml microorganism-free saliva per one lozenge since 10 
ml is the average amount of saliva produced by a person eating 
one lozenge considering an average whole saliva production of 
about 0.6 ml/min and a dissolving time of about 15-20 min.36 

To address the effect of sugar in the lozenge base, 5 grams of 
Scr were dissolved in 10 ml microorganism-free saliva (result-
ing in a 50% Scr solution) as a placebo control. Microorganism-
free saliva was prepared by collecting unstimulated saliva from 
6 different subjects followed by a high speed spin (10 min at 
16,000×g) and filter-sterilization (0.22 µm Millipore Corp. Bil-
lerica, MA, USA) for removal of debris and bacteria. Treatment 
with microorganism-free saliva served as a negative control 
to adjust for “carrier” and wash solution effects, whereas 70% 
EtOH was used as a positive microbiocidal control. 

Determination of the Minimal Inhibitory Concentration (MIC)

 An overnight culture of S. mutans strain JM11 was 
grown anaerobically (N2 85%, H2 10%, and CO2 5%) in Brain 
Heart Infusion (BHI) at 37 °C and diluted to 105 cells/ ml. Hun-
dred μl of this bacterial culture were placed into the necessary 
number of wells of a 96-well culture plate. A series of 1:2 dilu-
tions of the treatment solutions was prepared, 100 μl portions 
thereof were added to each well and incubated overnight in an 
anaerobic chamber (N2 85%, H2 10%, and CO2 5%) at 37 °C. 
Minimum Inhibiting Concentration (MIC) was determined to be 
the highest dilution at which no viable cells were observed as 
evaluated by both microscopic examination using cell viability 
stains (Invitrogen) and plating on BHI plates. 

Biofilm growth

 Biofilms were grown in sterile 48-well cell culture 
plates that had been coated with about 100 µl of 50% microor-
ganism-free saliva in Phosphate-Buffered Saline (PBS) (pH 7.0) 
per well (see treatment solutions for preparation of microorgan-
ism-free saliva). After air-drying the saliva solution completely, 
the wells were UV sterilized for 1 hour. Biofilms were then seed-
ed into the coated wells as follows: Unstimulated saliva was col-
lected (in the late afternoon) from 6 subjects who had refrained 
from cleaning their teeth for about 8 hrs. This saliva was pooled 
at equal proportions, diluted 1:4 into BHI supplemented with 
1% glucose, 1% mannose and 1% sucrose and subjected to a 
low speed centrifugation (10 min at 600×g) to remove eukary-
otic cells and large debris. For specific evaluation of antibacte-
rial effects on S. mutans in a saliva-derived biofilm setting, this 
cariogenic oral pathogen was added to the salivary bacteria as 
follows: An overnight culture of thespectinomycin-resistant S. 
mutans strain JM11 was grown in unsupplemented BHI, diluted 
1:3 in BHI and further grown into the logarithmic growth phase. 
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About 1.25×106 of these S. mutans cells were added together 
with 400 μl of the saliva mixture into each well of the saliva-
coated 48-well cell culture plate. The inoculated plates were 
incubated anaerobically (N2 85%, H2 10%, and CO2 5%) at 37 
°C overnight (16 to 18 hrs for the treatments up to 30 min of 
duration and 24 hrs for the overnight treatment) to allow biofilm 
formation. This procedure would typically yield saliva-derived 
biofilms containing about 0.5 to 1×108 total biofilm cells with an 
S. mutans proportion of 5 to 10%.

Biofilm treatments

 Prior to exposure to the above treatment solutions, the 
growth medium was removed from the biofilms and they were 
washed twice with 800 μl PBS. Residual PBS was carefully re-
moved and 100 μl (200 μl for overnight treatment) of the respec-
tive treatment was added. The biofilms were incubated with the 
treatment solutions for the indicated time periods and the treat-
ment was stopped by addition of 800 μl PBS. All liquid was then 
removed immediately and the biofilms were washed two more 
times with PBS. Exposure to PBS does not interfere with biofilm 
viability (data not shown). Treatment efficiency was evaluated 
by determining colony forming units (cfu). Biofilms were vig-
orously resuspended by pipetting in 1 ml BHI to break up the 
biofilms. Serial dilutions were prepared and plated for enumera-
tion of surviving biofilm cells. To determine the effect of the 
treatment solution on S. mutans, an aliquot of the serial dilutions 
was plated onto BHI plates containing 800 μg/ml spectinomy-
cin, which only allows growth of the S. mutans derivative JM11 
that was added to the saliva-derived biofilms. Total biofilm sur-
vival was evaluated as mentioned above by plating an aliquot 
of the same serial dilutions onto BHI plates without antibiotic. 
The plates were incubated anaerobically o/n and colony form-
ing units were counted. Treatments were typically performed in 
triplicate.

Assessment of bacterial adherence by video microscopy

 Additionally, biofilm formation was monitored by vid-
eo microscopy to address the effect of above treatments solution 
on the ability of bacteria to attach to the surface as well as their 
growth. Saliva was collected and processed as described above 
for preparation of biofilms. The microorganisms present in 500 
µl salivary solution were collected via high speed centrifuga-
tion (10 min@16,000×g), the supernatant was removed and the 
pellet resuspended in 1 ml treatment solution, followed by an 
additional 1:5 dilution. Four hundred μl of the diluted saliva 
sample were placed into a well of a 24-well cell culture plate. 
The bacterial cells were allowed to settle for 30 min prior to 
recording. The plate was positioned on an inverted microscope 
(Nikon Eclipse TE300) fitted with a temperature stage set to 37 
ºC. Biofilm development was monitored over a 7.5 hr time pe-
riod with a live imaging system (SPOT camera/software-Diag-
nostic Instruments, Inc).

RESULTS

Effect of pomegranate polyphenol based POMx lozenges on the 
cariogenic oral bacterium Streptococcus mutans

 First, the potential impact of the pomegranate extract-
based POMx lozenges on oral health was evaluated by deter-
mining their MICs for S. mutans, an oral species that has been 
strongly associated with the development of dental caries. The 
S. mutans killing efficacy was directly correlated with the poly-
phenol content of the POMx lozenges and displayed significant 
antimicrobial effects at 1:4 and 1:8 final dilutions for lozenge-50 
and Lozenge-100, respectively, which corresponds to about 1.25 
mg/ml GAE for each lozenge (Table 1). In contrast, the 50% Scr 
in microorganisms-free saliva lozenge base control did not seem 
to have any negative effect on S. mutans growth despite the high 
osmolarity of the solution.

Effect of pomegranate polyphenol based POMx lozenges on 
the cariogenic oral bacterium Streptococcus mutans grown in 
a saliva-derived biofilm environment

 MICs are typically obtained with planktonic cells. 
Most oral microorganisms including S. mutans, however, reside 
in complex oral biofilm communities also referred to as den-
tal plaque. Since biofilm cells are more resilient to antimicro-
bial agents and have different surface properties compared to 
planktonic cells,37 the effect of pomegranate polyphenol based 
products tested in this study on S. mutans was evaluated in the 
context of a saliva-derived biofilm environment. Addition of 
1.25×106 S. mutans cellsto the saliva biofilm inoculum resulted 
in a proportion of S. mutans comprising 5-10% of the total bio-
film cells (Figures 1, 2 and 3-saliva treated control). The biofilms 
were incubated overnight anaerobically at 37 ºC in the presence 
of the different treatment solutions. A striking reduction (more 
than 4 orders of magnitude) of total biofilm cell viability simi-
lar to EtOH treatment was observed for POMx lozenges when 
compared to the microorganism-free saliva control. Exposure to 
50% Scr did not reduce the overall biofilm population but sur-
prisingly resulted in a 10-fold reduction in the proportion of S. 
mutans (Figure 1). 

 To narrow down the effective time scale of the POMx 
lozenges tested in this study, overnight grown S. mutans-spiked 

Treatment
MIC

Streptococcus mutans

Microorganism-free saliva No effect

50% Scr No effect

Lozenge-50 1:4dil (1.25 mg/ml GAE)

Lozenge-100 1:8dil (1.25 mg/ml GAE)

The 50% Scr solution and the lozenges were prepared in microorganism-free sa-
liva as indicated in the Materials and Methods section. 

Table 1: MICs of POMx containing lozenges for Streptococcus mutans.
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Figure 3: Survival of S. mutans-spiked saliva-derived biofilms after 30 min exposure with treat-
ment solutions. Shown are the colony forming units (cfu) on BHI (striped columns to indicate 
total biofilm cell survival) and on BHI supplemented with spectinomycin (dotted columns to 
indicate specific S. mutans survival) after biofilms were treated with the respective treatment 
solution including negative (BHI, PBS, saliva) and positive (70% EtOH) controls for 30 min. A 
minimum of three experiments was performed for each treatment solution.

Figure 1: Survival of S. mutans-spiked saliva-derived biofilms after overnight exposure with 
treatment solutions. Shown are the colony forming units (cfu) on BHI (striped columns to 
indicate total biofilm cell survival) and on BHI supplemented with spectinomycin (dotted col-
umns to indicate specific S. mutans survival) after biofilms were treated with the respective 
treatment solution including negative (saliva) and positive (70% EtOH) controls overnight. A 
minimum of three experiments was performed for each treatment solution.

Figure 2: Survival of S. mutans-spiked saliva-derived biofilms after 1 min exposure with treat-
ment solutions. Shown are the colony forming units (cfu) on BHI (striped columns to indicate 
total biofilm cell survival) and on BHI supplemented with spectinomycin (dotted columns to 
indicate specific S. mutans survival) after biofilms were treated with the respective treatment 
solution including negative (BHI, PBS, saliva) and positive (70% EtOH) controls for 1 min. A 
minimum of three experiments was performed for each treatment solution.
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saliva-derived biofilms were exposed to the different treatment 
solutions for 1 min or 30 min, respectively. At the relatively short 
treatment time of 1 min, a slight reduction of S. mutans viability 
was observed for treatments with POMx lozenge-100 compared 
to the negative control treatment with microorganism-free sa-
liva (Figure 2-dotted bars). The overall saliva-derived biofilm 
population, however, did not appear to be affected by any of the 
treatment solution at this exposure time (Figure 2-striped bars). 
Upon longer exposure (30 min), a different picture emerged. 
Both POMx lozenges produced a striking killing effect of 3 to 4 
orders of magnitude on S. mutans (Figure 3-dotted bars). A less 
pronounced but nonetheless significant reduction in overall bio-
film viability (more than one order of magnitude for lozenge-50 
and almost three orders of magnitude for lozenge-100) was ob-
served (Figure 3-striped bars). For both exposure times the 50% 
Scr control was indistinguishable from the microorganism-free 
saliva treated controls. 

Detailed evaluation of the antibacterial effect of POMx lozeng-
es on saliva-derived biofilms

 Lozenges constitute a well-accepted and easy to use de-
livery vehicle that allows for extended exposure since they are dis-
solved slowly in the mouth. Since the POMx lozenges displayed 
very striking bacterial killing during the 30 min treatment, their 
antibacterial activities were further examined on a more detailed 
timescale by exposing S.mutans-spiked saliva-derived biofilms to 
the test solutions for 1, 5, 10, 15, 20 and 30 min (Figure 4). POMx 
lozenge-100 started to exhibit significant antibacterial activity 
after only 5 min of exposure, eliminating about 50% of the bio-
film population (Figure 4-striped bars). At the 20 min time point, 
lozenge-100 had eliminated more than 99% of the biofilm cells. 

Consistent with the previous observations (Figures 1 and 3) the an-
timicrobial activity of the POMx lozenges on the cariogenic spe-
cies S. mutans (dotted bars) was even more pronounced than on 
the overall biofilm population. The killing curve for both the total 
biofilm population as well as S. mutans fits best a logarithmic de-
cline with R2-values of 0.984 and 0.9324, respectively. Consistent 
with the data obtained for 1 min, 30 min and overnight exposures, 
lozenge-50 was less effective than lozenge-100 but followed a 
similar trend and also resulted in a logarithmic decline in bacterial 
survival, while exposure to 50% Scr did not exhibit any discern-
ible effects (data not shown). 

Evaluation of anti-adherence effect of POMx lozenges based 
treatment solutions

 The effect of POMx lozenges on the ability of bacteria 
to adhere to a surface was tested using the live imaging approach 
described in Material and Methods. This approach enables dis-
tinction between growth and adherence. During the 7.5 hr ob-
servation period the salivary bacteria that were suspended in the 
microorganism-free saliva used as a control solution grew to al-
most confluence even though no additional carbohydrate source 
was added (Figure 5-upper panel). In the presence of either one 
of the POMx lozenges bacterial adherences was greatly reduced 
and no growth occurred during the observation period (Figure 
5-lower panel: POMx lozenge-100 is shown as an example). 

DISCUSSION

 The search for new sources of biologically active com-
ponents has triggered a renewed interest in the health benefits 
of natural products that have been historically used in many 

Figure 4: Detailed time course of antibacterial activities of POMx lozenge-100. Shown is the survival of all 
bacterial cells grown as a saliva-derived overnight biofilm (diagonally striped bars) and the S. mutans population 
(dotted bars) within these biofilms after treatment for 1, 5, 10, 15, 20 and 30 min withPOMxlozenge-100 contain-
ing 100 mg GAE/piece. The percentage survival was calculated relative to the negative control samples that were 
treated with microorganism-free saliva. The decline in survival over time was best fitted by logarithmic trend lines 
with R2 values of 0.984 for the killing of the total biofilm population (solid line) and 0.9324 for the S. mutans cells 
(dashed line). 
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cultures to treat a variety of ailments. Especially ellagitannin 
polyphenols, a main ingredient of pomegranate and a number 
of other plant extracts, have been studied extensively for their 
antibacterial activities. The effect of polyphenols extracted from 
a variety of plants on oral health in general and especially on 
the highly cariogenic species S. mutans has been the subject of 
numerous studies.3,5-9,11,17,19-24,38 The data presented in this study 
revealed that the previously described health benefits of pome-
granate polyphenol extract (POMx) can be extended to the oral 
cavity. Consistent with the findings in a limited clinical trial, 
which demonstrated oral biofilm reduction upon treatment with 
a hydroalcoholic pomegranate extract,27 the pomegranate ex-
tracts based lozenges (which are different in composition from 
the hydroalcoholic extracts used by Menezes and co-workers) 
evaluated in this study displayed significant antibacterial activity 
against oral biofilm bacteria and especially the cariogenic spe-
cies S. mutans.

 Due to its role as an important oral pathogen S. mutans 
has been the major focus of a number of reports that examine 
the antibacterial activities of plant extracts including tea, cacao, 
grapesamong others. MICs between 0.5 and 32 mg ml-1 (4 mg 
ml-1 pomegranate skin extract) for S. mutans have been described 
for polyphenols from different sources.8 The MICs for the pome-
granate extract based lozenges tested in this study was found to 
be 1.25 mg/ml, which puts their activity towards the more effec-
tive end of the polyphenol extract spectrum. Even though MICs 
can provide a good general idea on antibacterial activities of the 
test components, the use of planktonic cells does not always 
allow drawing conclusions for bacteria grown in a biofilm set-
ting. In particular, up to 1000-fold increased resistance against 
antimicrobial agents has been observed.37 Since the majority of 
persistent infections including oral diseases such as caries are 
based on pathogenic species present in resident biofilms, the 
search for novel antibacterial agents with anti-biofilm activities 
has become an important task, which increasingly focuses on 
naturally occurring products. To address this important aspect, 
we expanded the assessment of the antibacterial activities of the 
POMx lozenges from standard MIC determination (Table 1) to 
efficacy testing against relevant oral biofilms containing the ma-
jor cariogenic species S. mutans at a final proportion of about 

5-10% (Figure 1). Most interestingly, S. mutans appeared to be 
even more sensitive to these POM products than the general 
biofilm population. The concern that the high osmolarity of the 
dissolved lozenges (50% Scr) could affect biofilm viability was 
not substantiated and the observed antimicrobial activities can 
therefore be fully attributed to pomegranate polyphenols present 
in the POMx based lozenges. Very importantly for a potential 
application as a clinically relevant and easy to administer pro-
phylactic measure, the effective anti-biofilm and anti-adherence 
concentration and time frame of exposure fit very well real life 
lozenge consumption (Figures 3 and 4). 

 In addition to the antibacterial activities observed 
against biofilm grown bacteria the POMx lozenges drastically 
inhibited the surface attachment of salivary bacteria as moni-
tored over a 7.5hr time period with video microscopy (Figure 
4). This suggests that their high carbohydrate content, which 
would typically promote bacterial adherence and growth39 is 
superseded by the antibacterial and anti-adherence activities 
of the polyphenols present. The effect of polyphenols on the 
surface attachment of S. mutans has been the focus of numer-
ous mechanistic studies and revealed that a major factor is the 
inhibitory effect on glycosyltransferases (Gtfs).5,11,16,19,20,29,40-42 
Glycosyltransferases play a key role in biofilm formation since 
they are the major enzymes involved in glucan production which 
comprises the matrix material that S. mutans needs for surface 
attachment and biofilm build-up.43,44 The enzymatic activity of 
Gtfs is greatly reduced in the presence of various polyphenols, 
resulting in significant decrease in surface attachment.5,8,11 This 
inhibitory effect of polyphenols on one of the key enzymes for 
sucrose-dependent surface attachment of S. mutans could play in 
the observed effect of POMx lozenges that attachment is inhibit-
ed despite the high Scr content of the test solutions. Substitution 
of the high sucrose content in the lozenge base with a biological 
inert substitute could potentially further enhance the antibacte-
rial activity of the POMx lozenges in oral applications.

CONCLUSION

 The pomegranate polyphenol extract based lozenges 
tested in this study displayed antibacterial activities consistent 

Figure 5: Effect of POMx lozenges on surface adhesion of oral bacteria. Shown are selected frames from movies taken over a7.5 hour 
time period. Large debris visible in the images originate from particles present in the different treatment solutions and do not correspond to 
bacteria.
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with their polyphenol content against saliva-derived oral bio-
films and S. mutans in particular. The most striking effects were 
observed for lozenge-100, which exhibited antibacterial activi-
ties comparable to other oral care products. In addition to anti-
bacterial activities, anti-adherence activities consistent with ear-
lier studies on the effects of polyphenols were found. The POMx 
lozenges incorporate these two important polyphenol mediated 
anti-biofilm into a delivery vehicle (lozenge) that is generally 
more easily accepted than traditional oral care products such as 
tooth pastes or mouth rinses. Furthermore, lozenges are typically 
slowly dissolved in the oral cavity thereby enabling longer ex-
posure times to the active ingredients compared to especially 
mouth rinses. Due to these distinguishing features the POMx 
lozenges provide a promising new perspective on oral care and 
therapy especially of children, elderly or disabled populations 
which are often less perceptive to traditional oral care.
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ABSTRACT

 This article describes a case report of rehabilitation of missing mandibular premolar 
using implant supported crown and a flapless surgery. A 23 year old female patient, with agen-
esis of second premolar, was referred to the department of fixed prosthodontics at Dental Clinic 
of Monastir. Comprehensive examination revealed that, an orthodontic treatment was set up 
leading to space opening. The edentulous ridge was measured and it was suitable for adequate 
dimensions of second premolar. The adjacent teeth were vital, free from caries and fillings. 
Radiographic evaluation showed the feasibility of implant placement in the edentulous site. A 
flapless surgery technique was performed for implant placement. The implant supported crown 
was cemented using Zinc phosphate cement. 

KEYWORDS: Missing mandibular premolar; Implant supported single crown; Flapless surgery; 
Cemented crown; Screw retained crown.

INTRODUCTION

 For many years, conventional fixed bridges were considered to be the best treatment 
option for the replacement of missing single tooth. Their survival rate was estimated to be about 
75% after 15 years. But, extensive teeth preparations can result in devitalization of the pulp 
which requires canal therapy. As the ideal treatment approach should be the less invasive one, 
two treatment modalities have become popular for single tooth replacement including implant 
retained restorations and resin bonded bridges. This later may, according to recent studies, func-
tion for many years. But, its credibility has been reduced especially in the posterior teeth.1-4 

 Implant supported restorations is widely proclaimed in the literature. In addition to 
its high success rate, it leaves the adjacent teeth untouched. Successful use of dental implants 
depends on optimal conditions of peri-implant tissue around it. The determination of implant 
size imposes a three dimensional evaluation of bone thickness. A minimum of 1.5 mm between 
the implant fixture and adjacent roots is, in that order, required to avoid bone resorption and be 
in favor of papilla regeneration. Ideal tri-dimensional positioning of dental implants, requires 
adequate edentulous ridge with sufficient bone thickness.1,4-7 According to studies, the majority 
of failures are associated with the supra-structure rather than with the implant itself.
 
 Recently, the use of “flapless” implant surgery has gained popularity among surgeons. 
In fact, it has numerous advantages, including preservation of circulation, soft tissue architec-
ture, and hard tissue volume at the site; decreased surgical time; improved patient comfort; and 
accelerated recuperation. It allows also the patient to resume normal oral hygiene procedures 
immediately after the surgery. The successful use of this approach often requires advanced 

http://openventio.org/Volume2_Issue4/Management_of_Missing_Second_Premolar_with_Single_Tooth_Implant_using_Flapless_Surgery_DOJ_2_122.pdf


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-122

Dent Open J

ISSN 2377-1623

Page 122

clinical experience and surgical judgment.7

 
 Implant supported fixed prostheses may be cemented 
or screw retained on the implant abutments. According to some 
authors, cementation may be preferred particularly in single unit 
restorations. It offers the potential for higher passivity placement 
of the crown.8,9

CLINICAL REPORT AND PROCEDURE 

 A 23 year old female patient, with agenesis of second 
premolar, was referred to the department of fixed prosthodontics 
after orthodontic treatment. She expressed her wishes for a mini-
mally invasive treatment approach.
 
 Comprehensive examination revealed that, an orth-
odontic treatment using edgewise brackets was performed lead-
ing to space opening for eventual prosthetic replacement of the 
missing tooth (Figure 1). The adjacent teeth were vital, free from 
caries and fillings with a suitable crown volume and height. Oral 
hygiene was evaluated as good. Radiographic evaluation Cone 
Beam Computed Tomography (CBCT) showed the feasibility of 
implant placement in the edentulous site. It revealed thick corti-
cal bone and adequate cancellous bone of type 3 quality in the 
premolar and molar area based on the classification of Lekholm 
and Zarb and no remarkable alveolar ridge resorption. The eden-
tulous ridge was measured and it was suitable for adequate di-
mensions of second premolar (7 mm with a thickness of 8 mm).

 The mandibular canal was almost in the center of the 
mandible buccolingually and in the inferior 1/3 of the mandible 
vertically, at a distance approximately 12 mm from the alveolar 
crest. The decision of implant supported crown was so retained. 
After administration of local anesthesia with a 2% Lidocaine 
hydrochloride solution containing epinephrine at 12.5 ùg/ml, a 
flapless surgical technique was used for implant placement (Fig-
ure 2). When drilling the implant site, a direction indicator was 
used to check the orientation of the fixture. An implant fixture 

(Drive System; diameter 3.75 mm; Length 10 mm) was then 
placed. As aesthetic was not advocated in this situation, provi-
sional restoration was not necessary. Initial stability was excel-
lent. One week post flapless implant placement, peri-implant 
tissues health was ideal. During the healing period, the patient 
does not expressed discomfort or neurological symptoms. Peri 
implant bone was also subsequently monitored by radiological 
control. Osseo-integration was excellent and no bone resorption 
has been observed around the implant (Figure 3).

 After 4 months of healing and management of peri 
implant soft tissues, an accurate impression using the Pick-up 
technique was then performed. It uses square copings and an 
open tray allowing the coronal coping screw to be exposed. The 
copings are then unscrewed to be removed along with the im-
pression. The analogs are connected to the copings to fabricate 
de definitive cast (Figures 4, 5 and 6). 
            
 The abutment was selected and prepared according to 
the adjacent and opposite teeth. Final restoration, which con-
sists on metal ceramic crown, was performed and cemented us-
ing Zinc phosphate cement (Figure 7). After prosthetic treatment 
was completed, a follow up program was carried for the patient. 
It offers the opportunity to examine the patient every 6 months 
in the first year and every 12 months in subsequent years.
    
DISCUSSION 

 The use of dental implants in the rehabilitation of den-
tal agenesis after orthodontic treatment has become a well estab-
lished and accepted contemporary clinical method. Recent stud-
ies reported implant success greater than 95% after restoration 
with single crowns.1,2,5,6,10-12

 Brånemark established the use of extensive surgical 
flaps to visualize the surgical field during implant surgery. In 
fact, the elevation of a muco periosteal flap can facilitate im-
plant placement by allowing the surgeon to visually assess bone 

1. Implant placement and radiological evaluation of Osseo-integration

Figure 3: Radiological evaluation after 2 
months of Osseo-integration.

Figure 1: Management of adequate space for implant placement. Figure 2: implant placement using flapless surgery.
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2. Management of periodontal tissues during the healing period

3. The impression technique :Pick up
4. The final restoration

Figure 7: Final restoration; cemented 
metal ceramic crown with reduced bucco-
lingually diameter.

Figure 4: Placement of abutment healing. Figure 5: Management of peri implant soft tissues.

 Figure 6: coping removed along with the impression.

quantity and morphology at the site. Over the past three decades 
there have been several alterations to this flap design in favor 
of flapless implant surgery which has gained popularity among 
surgeons. It is indicated when the bone has abundant width and 
when the soft tissue has sufficient amounts of keratinized mu-
cosa.

 According to studies that compared the average mar-
ginal bone loss occurring with conventional versus flapless im-
plant surgery, the authors reported slightly less bone loss for the 
flapless approach (-2.1 mm, SD 1.4 mm; n=70 implants) ver-
sus the conventional approach (-2.8 mm, SD 1.5 mm; n=39 im-
plants).13

 This technique has numerous advantages, including 
preservation of circulation, soft tissue architecture, and hard tis-
sue volume at the site; decreased surgical time; improved patient 
comfort; and accelerated recuperation. It also allows the patient 
to resume normal oral hygiene procedures immediately after the 
surgery. The successful use of this approach often requires ad-
vanced clinical experience and surgical judgment

 The approach has some drawbacks including a lack of 
proper drilling depth assessment and an inability to correct peri-
implant defects because they are not exposed during surgery.4,6,7

  There are two different methods of retaining a fixed 
supported restoration: screw retention and cementation. The 
screw retained prosthesis was originally more popular because 
it simplified retrieval of the supra structure. However, occlusal 
screw holes can compromise occlusion and porcelain strength. 
Recent studies, showed occlusion improvement and simplicity 
of fabrication for cemented restorations. From a biomechani-
cally point of view the potential for passivity is higher when a 
cemented restoration is placed on the implant. The fact that there 
is only one screw attaching each abutment to each implant in a 
cemented design, versus two screws in screw retained prosthesis 
reduces the possibility of preload stresses and screw loosening. 
In addition, the cement space that exists between the crown and 
abutment can help compensate for minor discrepancies in the fit 
of the prosthesis.6,8,9 

CONCLUSION
 
 Implants placement using a flapless surgery seems to be 
a suitable option in the rehabilitation of missing single teeth. It 
is indicated in cases with sufficient bone with sufficient amounts 
of keratinized mucosa. It has become a well established and ac-
cepted contemporary clinical method. has numerous advantag-
es. The successful use of this approach often requires advanced 
clinical experience and surgical judgment. 
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