I. General Purposes of Periodontal Diagnostic Procedures

A. Screening

The primary purpose of a screening procedure is to identify, usually from a large population of patients, those individuals who have a given disease or are at a higher risk of developing disease.

B. Diagnosis of Specific Periodontal Diseases

Under current classification schemes, there are no consistent microbiologic or host response features or patterns which are unique to a given type of periodontitis.
C. Treatment Planning

In periodontics, as in other health care disciplines, treatment decisions are ultimately based on the findings of diagnostic tests.  Different interpretations of the same diagnostic information can have profound effects on which patients and sites would be treated.

D.
Monitoring
The critical points of monitoring occur at two different stages of periodontal therapy. The first occurs at the end of active therapy when the clinician is faced with the decision as to whether or not treatment is really completed (i.e., therapeutic endpoint monitoring).  The second critical monitoring period occurs during the maintenance phase of periodontal therapy when the clinician must decide if the initial therapeutic result has had long-term stability.

II. Traditional Diagnostic Procedures

Strengths:  They are easy to use and cost-effective.  They provide clinically useful information regarding the location and presence or absence of diseased or damaged tissues. Findings from traditional diagnostic procedures (e.g., signs of inflammation, deep probing depths, clinical attachment loss) are related to pathologic processes associated with periodontal infections. The absence of conventional signs of periodontal disease is strongly related to the presence of a stable, healthy periodontium.

Weaknesses: Clinical signs of inflammation are unable to reliably distinguish between nondestructive forms of periodontal disease (gingivitis) and destructive forms (periodontitis).   Damage assessments, performed at one examination, cannot reliably identify sites or subjects with ongoing periodontal destruction. 

A. Assessments of Inflammation

Inflamed periodontal tissues may exhibit all 5 of the cardinal signs of inflammation with redness (rubor), swelling (tumor), and heat (calor) being present in almost every instance. In most (but not all) forms of periodontal disease, pain (dolor) and loss of function (functio laesa) are uncommon until the late stages of periodontitis. In addition to these cardinal signs, inflamed periodontal tissues may also exhibit 3 other signs of inflammation with potential diagnostic value: suppuration, BOP, and the presence of GCF.

Gingival redness - The presence of gingival redness is not strongly associated with, or a predictor of, the progression of periodontitis (i.e., low positive predictive value).  However, data from these same studies also show that the absence of gingival redness has excellent negative predictive values.

Supparation - A consistent finding in most of these studies is that suppuration is found in only 3 to 5% of sites with periodontitis.  Suppuration has a stronger association with the progression of periodontitis than gingival redness, but its relative rarity as a clinical finding and the lack of standardized methods for its detection make it a poor candidate as a dependable diagnostic test for the progression of periodontitis. 

Bleeding on probing - Bleeding on probing is widely regarded as a relatively objective sign of gingival inflammation, since it is either present or absent.  It was found that BOP was encountered more frequently when probing forces exceeding 0.25N were used in patients with a reduced but healthy periodontium.  It was suggested higher probing forces traumatize the tissues and induce bleeding, leading to the false conclusion that the tissues were inflamed.  As a stand-alone diagnostic test, BOP does not appear to be a good predictor of disease progression.  Studies strongly support the position that the continual absence of BOP is an excellent predictor of periodontal stability. Even though BOP is not a good predictor of progression on a site-by-site basis, in patients with multiple sites with deep probing depths and extensive attachment loss, the likelihood of progression is significantly elevated when there is a high percentage of bleeding sites in the subject.

Elevated gingival temperatures - Increased heat is generated by inflamed tissues presumably because of increased blood flow and high metabolic rates associated with inflammatory processes.  There is general agreement among these papers that inflamed gingival tissues do indeed exhibit a measurable elevation in temperature.  Increased temperatures are associated with:  visible plaque, gingival redness, BOP, suppuration, deeper probing depths, greater CAL, Prevotella intermedia, Porphyromonas gingivalis, and Actinobacillus actinomycetemcomitans.  105 It was observed that subjects with mean high subgingival temperatures and widespread periodontal destruction appeared to be at the greatest risk for new attachment loss.

Gingival crevicular fluid (GCV) - The amount of GCF that can be collected from gingival crevices at inflamed sites has a statistically significant association (P < 0.05) with clinical assessments of gingivitis and histometric measures of gingival inflammation.  Absolute increases in GCF are not necessarily associated with an increased risk of developing additional attachment loss (i.e., disease progression).  

B. Assessments of Damage to Periodontal Tissues

 The three general approaches that are used to clinically assess damage to periodontal tissues are: 1) visual detection of clinical signs of tissue destruction; 2) measurement of clinical attachment level with a periodontal probe; and 3) radiographic detection of bone loss.

Periodontal probing - In current clinical practice, calibrated periodontal probes are primarily used to measure: 1) probing depth (PD) or the distance from the gingival margin to the base of the probeable crevice and 2) clinical attachment loss (CAL) or the distance from the cemento-enamel junction (CEJ) to the base of the probeable crevice.  The primary clinical importance of periodontal pockets is that they are a major habitat for putative periodontal pathogens. Deep pockets are a source of concern because such sites are potentially difficult for both the patient and therapist to clean.  Many sites with deep probing depths do not progress and the mere presence of a deep pocket does not necessarily mean that a site will lose additional attachment in the future.  Probing depths have extremely high negative predictive values for disease progression, indicating that the absence of deep pockets is an excellent predictor of periodontal stability.  The CAL is an important measurement since it represents a clinical approximation of the loss of connective tissue attachment from the root surface. Indeed, the CAL is frequently the primary clinical outcome assessment of studies dealing with the treatment or progression of periodontitis. It is considered the “gold standard” against which other diagnostic tests are compared.  There are three dominant variables that affect the extent of probe penetration: insertion force, shape and size of the probe tip, and inflammatory status of the tissues.  There is general agreement that, at clinically healthy sites, periodontal probes inserted with what would be considered as “gentle” (0.20 to 0.50 N) insertion forces do not penetrate to the apical termination of the junctional epithelium.  The primary factor responsible for providing resistance to probe insertion is the tone of the connective tissue adjacent to the pocket wall.  Based on the available data, it can be concluded that pretreatment measurements of CAL at sites with periodontitis tend to overestimate the true levels of the connective tissue attachment, whereas post-treatment measurements tend to underestimate them.  

Reproducibility of measurements of probing depth and AL - It is widely recognized that measurements taken with handheld conventional periodontal probes are subject to a variety of errors.  Data clearly show that repeat measurements of probing depth and CAL taken after a short time interval are reproducible to within ± 1 mm over 90% of the time. If a threshold of ± 2 mm is used, the reproducibility is over 99%. These observations are reassuring, since they demonstrate that, in the hands of experienced examiners, measurements taken with periodontal probes have a relatively high degree of reproducibility.  In research studies where scientifically rigorous criteria for progression must be established, it has become common practice to set the threshold for progression at 2 to 3 times the standard deviation of the measurement system.  It would not be in the best interest of patients to wait until this much additional damage had occurred before some clinical intervention was initiated.
Controlled force periodontal probes - Since probing force is one of the major variables affecting the extent of probe penetration, in the past decade several automated or controlled-force probes have been invented in an attempt to minimize this variable during the measurement of probing depths and clinical attachment levels.  Some studies indicate that replicate measurements of probing depths taken with the Florida probe have lower standard deviations than those taken with conventional manual probes. Reduced tactile sensitivity with controlled-force probes can especially be a problem in untreated patients with periodontitis. In such patients, the presence of subgingival calculus can significantly interfere with probe insertion.  At the present time, there are insufficient data to suggest that clinicians should use an electronic probe instead of a manual one in clinical practice.  In research situations, where control of as many variables as possible is a major concern, use of controlled-force probes is probably desirable.  In addition, since insertion force is an important variable in eliciting BOP, a controlled-force device is advisable when this clinical assessment is being recorded.


Radiographs - Although valid periodontal diagnoses cannot be made from radiographs alone, they are an essential component of a complete periodontal examination. As is the case with clinical measurements obtained with periodontal probes, radiographs taken at one examination provide useful estimates of past damage to periodontal structures, but they cannot identify sites with ongoing periodontal destruction.  It is well known that conventional radiographic assessments of bone levels have three major sources of error: 1) variations in projection geometry; 2) variations in contrast and density due to differences in film processing, kilovoltage, and exposure time; and 3) masking of osseous changes by other anatomic structures.  Tthe unaided eye is only able to detect radiographic changes when approximately 50% of the bone mineral has been lost.


Radiographic thresholds for bone loss - The results of two recent studies indicate that a ³ 2 mm CEJ to alveolar crest distance is an appropriate threshold for radiographic bone loss.  


Radiographs and disease progression - The incidence of progression was quite high (i.e., 37 to 44%) when bone loss, as assessed by subtraction radiography, was used to identify deteriorating sites.  Overall, the data clearly indicate that subtraction radiography is able to detect very small changes in bone density, and if loss of bone is used as a criterion for progression, the incidence of progression at untreated sites is high.


Relationship between measurements of CAL and radiographic bone loss - Periodontal probes and radiographs measure two separate, but related features of the periodontium.


Relationship between angular bony defects, “loss” of crestal lamina dura and the progression of periodontal disease - In conventional radiographs, fuzziness and a break in the crestal lamina dura has been described as one of the earliest radiographic signs of periodontitis.  Probably the only real diagnostic value of the crestal lamina dura is that when it is present, there is a high probability that the site is stable.


Tooth mobility – Increased tooth mobility is a common sign of periodontal damage.  This device, called the Periotest, rapidly percusses the tooth (16 times, 4 times a second) and then electronically records the rebound attenuation patterns emanating from the tooth.298 It has also been used to evaluate the mobility patterns of dental implants.299 Further studies using this device are needed to determine if it has useful clinical applications.  

III. Biochemical Mediators as Markers of the Progression of Periodontitis

One of the most active areas of periodontal research in the past decade has been the search for a biochemical marker of the progression of periodontitis in GCF.  The general approach used in most investigations has been to first determine in cross-sectional studies if a specified component of GCF is either 1) present in periodontitis and absent in health/gingivitis or 2) strongly related to the severity of periodontitis.
A. Inflammatory Mediators and Products

1.  Prostaglandin E2 (PGE2). This eicosanoid is a metabolite of arachidonic acid that can increase vascular permeability and induce bone resorption.  Several cross-sectional studies have shown that GCF from sites with periodontitis have significantly increased levels of PGE2 compared to healthy sites 303,304 and those with gingivitis.

2.  Cytokines. Cytokines are potent local mediators of inflammation that are produced by a variety of cells. Cytokines that are present in GCF and have been preliminarily investigated as potential diagnostic markers for periodontal disease.

a.  Interleukin-1, depending on a variety of factors, can stimulate either bone resorption or formation.  Cross-sectional studies have shown that GCF samples from sites with periodontitis contain significantly increased levels of IL-1b compared to healthy sites 317,320 and those with experimental gingivitis.


b.  Interleukin-6, like IL-1, is a pro-inflammatory cytokine that has been associated with bone resorption. There is some preliminary evidence that GCF from sites with progressing periodontitis contains elevated amounts of IL-6.


c.  Interleukin-8 - On a concentration basis, there does not appear to be a difference in GCF IL-8 between healthy and diseased sites.


d. Tumor necrosis factor a is produced primarily by macrophages and T-helper cells. It has a broad range of biological effects including the stimulation of bone resorption.  

3.  Antibacterial antibodies.  The general theme that emerges from these studies is that extensive variation exists on a site and patient basis with regards to local and systemic antibody production to putative periodontal pathogens.  Two longitudinal studies have been conducted in an attempt to demonstrate a relationship between specific antibody in GCF and the progression of periodontitis.  In one of these studies, GCF from unstable or progressing sites had significantly elevated levels of IgG1 and IgG4.  The other study demonstrated that GCF from progressing sites had depressed levels of IgA.

4.  Autoantibodies. The formation of autoantibodies to connective tissue and epithelial cell components is a well-known feature of chronic inflammatory diseases such as rheumatoid arthritis.  The autoantibody in GCF is mostly derived from sera rather than through significant local production.  Since GCF from periodontitis patients and sites had higher levels of the anti-desmosomal antibodies than healthy control subjects and unaffected sites in diseased patients, it was suggested that these antibodies might indicate an increased risk for periodontitis.  

5.  Total protein. In the search for a useful diagnostic marker for periodontal diseases, numerous investigators have examined the protein composition of GCF in health and disease.  Several reports suggest that, compared to periodontally healthy controls, GCF from sites with periodontitis has significantly elevated levels of total protein.

6.  Acute phase proteins. Acute phase proteins are products of acute episodes of inflammation and tissue destruction.  Their primary difficulty as diagnostics, is that the GCF level of these proteins is apparently unable to reliably distinguish between sites with gingivitis or periodontitis.
                             a. C-reactive protein is found in serum and dramatically increases during bacterial infection or injury.  In healthy and diseased sites in patients with periodontitis, no difference in the GCF levels of C-reactive protein could be demonstrated. 



b. a2-Macroglobulin and a1-PI are potent proteinase inhibitors found in plasma.  In these studies it was reported that there were lower GCF levels of this proteinase inhibitor at the gingivitis and periodontitis sites.



c. Lactoferrin and transferrin are antibacterial proteins that bind iron required for bacterial growth. The primary source of transferrin is serum, whereas lactoferrin is found in abundance in the secondary granules of neutrophils.  In most cross-sectional studies, when compared to healthy sites, the GCF levels of both LF and TF are elevated at sites with gingivitis and periodontitis.  However, this elevation is on a total amount per-site basis rather than on a concentration basis.  The levels of LF in GCF have been suggested as a reliable marker for neutrophils within periodontal pockets.  

B. Host-Derived Enzymes

1.  Aspartate aminotransferase.  AST is an enzyme present in virtually all cells and is released in abundance upon cell death.  The association between GCF AST levels and the risk of progression of periodontitis has led to the commercial development of a chairside test.

2.  Alkaline phosphatase.  Some forms of the enzyme are also produced by plaque bacteria.  In this study it was shown that the levels of ALP in GCF were significantly higher than those in serum, which suggests local production of the enzyme. Cross-sectional data indicate that GCF from sites with gingivitis or periodontitis have significantly higher concentrations of ALP than healthy sites.

3.  b-Glucuronidase. b-glucuronidase (bG) is a lysosomal enzyme found in the primary granules of neutrophils. In untreated patients, significant correlations have been noted between mean bG activity in GCF and probing depth (r = 0.89), CAL (r = 0.89), and percentage of sites with BOP (r = 0.49).  

4.  Elastase. Neutrophil elastase (NE) is a serine proteinase stored in the azurophil granules of polymorphonuclear neutrophilic leukocytes. Data from multiple cross-sectional studies indicate that GCF samples taken from sites with periodontitis have significantly higher total NE activity than GCF from healthy or gingivitis sites.  As expected, treatment resulted in significant decreases in GCF levels of NE and NE-inhibitor complexes.  Results from both studies suggest that the GCF elastase test has some predictive value in identifying sites that would progress within the ensuing 6 months.  

5. Cathepsins B, H, and L are cysteine proteinases that play an important role in intracellular protein degradation.    

6.  Cathepsin G.  It is always secreted with elastase and proteolytically activates latent collagenase.

7.  Collagenases/gelatinases/neutral proteinases/stromelysins.  Collagenases are members of a family of enzymes known as matrix metalloproteinases (MMP) that are produced by a variety of cells including neutrophils, macrophages, fibroblasts, keratinocytes, and osteoclasts.  Bacterial collagenases typically degrade collagen into numerous small peptides, whereas digestion products of mammalian collagenases include two fragments.  Cross-sectional studies clearly indicate that, on an average basis, GCF from sites with adult or juvenile forms of periodontitis exhibit significantly elevated collagenolytic activities compared to GCF from healthy or gingivitis sites. A chairside qualitative test for nonspecific neutral proteinases in GCF has been developed and marketed.  In this cross-sectional investigation it was found that GCF from sites with gingivitis and periodontitis had significantly elevated (P < 0.01) levels of stromelysin compared to healthy sites. 

C. Tissue-Breakdown Products

1.  Glycosaminoglycans (GAGs).  The GAGs in GCF that have been most examined as possible diagnostic markers for periodontal disease are: chondroitin-4-sulfate, chondroitin-6-sulfate, and hyaluronic acid.  Data from multiple cross-sectional studies indicate that GCF samples taken from sites with periodontitis have significantly higher GAG content than GCF taken from clinically healthy or gingivitis sites.

2.  Hydroxyproline.  Data from one cross-sectional study in humans indicate that GCF hydroxyproline levels cannot distinguish between sites with gingivitis or periodontitis.

3.  Fibronectins.  They serve important cell-binding functions during wound healing, phagocytosis, and cell migration.  Data from most studies indicate that GCF fibronectin is not a promising diagnostic marker.

4.  Connective tissue proteins (osteonectin, osteocalcin, type 1 collagen peptides).  The GCF concentration of ICTP was significantly higher (P < 0.01) at sites with untreated periodontitis compared to periodontitis-free sites.461 Statistically significant correlations were found between GCF concentrations of ICTP and BOP (r = 0.26, P < 0.05), probing depth (r = 0.46, P < 0.001), and radiological bone loss (r = 0.42, P < 0.001). In addition, within 2 days after scaling and root planing, significant decreases in GCF ICTP have been reported.

IV. Microbiological Diagnostic Procedures

It is widely acknowledged that bacteria are necessary components for the development of gingivitis and periodontitis.
A. Problems Associated With the Use of Microbiological Procedures as Diagnostic Adjuncts for Periodontal Diseases

This is not the case in periodontal infections where a direct cause-and-effect relationship between specific bacteria and disease has not been unequivocally demonstrated. Furthermore, in periodontal infections multiple bacteria are simultaneously involved in the disease process.  The majority of the predominant species associated with destructive periodontitis appear to be already present at many sites with gingivitis.  It is likely that the levels of putative pathogens necessary to cause periodontal destruction are host-dependent and therefore quite variable.  In four of these studies it was concluded that elevated levels of certain putative pathogens were predictive of future periodontal deterioration.  Based on the somewhat conflicting findings from these prospective and retrospective studies, it does not appear that any definitive conclusions can be reached regarding the ability of any one “indicator” organism to be predictive for the progression of periodontitis.  

B. Types and Clinical Uses of Microbiological Tests

1.  Cultural analysis. This method is well known to most clinicians. It usually involves the collection of a subgingival plaque sample with paper points which are immediately placed in reduced transport fluid and sent to a licensed clinical laboratory equipped to grow and identify oral anaerobic bacteria.  Cultural analysis of the subgingival flora is most often used for patients who continue to experience disease progression in spite of excellent patient compliance and well-executed periodontal therapy (i.e., refractory periodontitis).  In order for cultural analysis of the flora and antibiotic sensitivity testing to enter the evidence-based realm of treatment, controlled studies are needed in which 1) a clinically homogeneous population is enrolled; 2) disease progression is well documented; 3) selection of the drug regimen is based on antibiotic sensitivity testing; 4) appropriate putative pathogens are identified and monitored; and 5) the clinical response to treatment is adequately characterized.

2.  Microscopic assessments.  Although it has been shown that microscopic monitoring of the subgingival flora can identify patients who are at a low risk for progression, such monitoring may not provide enough clinical benefit to justify the additional time and expense of such procedures.

3.  Nucleic acid probe analysis. Nucleic acid probes can be used to identify complementary nucleic acid sequences in specific bacteria.  Although nucleic acid probes can reliably detect putative periodontal pathogens, their usefulness in clinical practice situations has not been established.

4.  Restriction endonuclease analysis. This method of microbial analysis is primarily a research tool that has been widely used in medicine for identifying and typing a variety of pathogens.  The genetic heterogeneity and homogeneity of bacterial strains can then be evaluated by comparing the electrophoretic patterns of the DNA fragments.  One of the more interesting and clinically relevant observations that has emerged from restriction endonuclease analysis research is that certain putative pathogens can exhibit enormous genetic diversity.

5.  Detection of bacterial antigens.  Reaction of specific bacterial antigens with the antibody-coated beads results in agglutination or clumping which can be visually evaluated.

6.  Detection of bacterial enzymes. The BANA-positive bacteria include T. denticola, P. gingivalis, an unspeciated Capnocytophaga, and B. forsythus.  BANA is colorless, but upon hydrolysis, b-naphthylamide is released that reacts with a number of dyes to form colored products.  

7.  Polymerase chain reaction (PCR). It is theoretically capable of detecting a single microorganism. 
V. New Frontiers in Periodontal Diagnostics

Although, measurement of clinical attachment loss with a calibrated periodontal probe is still the preferred way to assess damage to periodontal structures, use of subtraction radiography has emerged as a potentially useful method of detecting subclinical changes in periodontal support. The search for biochemical markers of the progression of periodontitis in GCF has been an extremely active area of investigation.  Demonstration that the majority of the predominant species associated with destructive periodontitis appear to be already present at sites with gingivitis, casts serious doubt on the ability of microbiologic tests to identify sites at high risk for disease progression.

EVIDENCE FOR THE EFFICACY OF PREVENTIVE MEASURES IN PERIODONTICS

Ideally, preventive measures would address the control or elimination of etiologic factors as well as identified risk factors for the inflammatory periodontal diseases. In reality, some of the risk factors are beyond the control of the therapist. As a result, periodontal preventive measures have focused on dealing with the known etiologic factors.

Evidence for Mechanical Debridement

· Professional preventive measures supplemented by personal preventive measures were effective in preventing the progression or recurrence of the periodontal diseases.  
· In one short-term evaluation of adults, the addition of flossing to the daily regimen of toothbrushing resulted in an almost 2-fold reduction in gingival inflammation. 
· With brushing alone there was no significant difference between acceptable and unacceptable brushing when bacterial plaques deposits, gingivitis, calculus deposits, and attachment levels were considered.34 When flossing was added to the daily brushing, significant reductions in bacterial plaque and calculus deposits were noted. Finally, when dental examinations occurred at least on an annual basis, significant differences were noted for the scores associated with plaque, calculus, and gingivitis. 
· It was concluded that the minimal professional care provided added significantly to the improvement of the periodontal health of the participants.
Efficacy of powered toothbrushes. 

· One innovative design receiving evaluation was a brush that relied on a photo-electro-chemical effect on dental plaque for increased effectiveness.  The usefulness of such a design appears to be limited.
· No effect on either plaque scores or bleeding upon probing was evident, with the authors concluding that no beneficial effect could be demonstrated for this “electronic” design of manual toothbrush.
· Four new designs of electric toothbrushes were evaluated in longer-term studies. All involved modification to the action of the brush head or bristle action.
· Rotary electric toothbrush - There were no significant differences in any of the parameters indicating that the rotary electric brush was as effective as manual toothbrushing combined with the use of floss and toothpicks for patients in periodontal maintenance.
· Counterrotational-action tufts of bristles - The use of the counterrotational brush significantly reduced plaque scores and gingival scores in adults and orthodontic patients.
· Oscillating, rotating brush head - The short-term evaluations proved promising, indicating improved efficiency in plaque removal compared to a manual toothbrush. The long-term, single blind evaluation reported a significant reduction in bacterial plaque deposits as scored by a plaque index that emphasized gingival deposits, but no significant change when deposits were scored by an index that scored deposits on the entire facial or lingual surface of the crown.
· A brush that transmitted high-frequency, low-intensity sound waves through the bristles into the soft tissues and bacterial plaque deposits - The ultrasonic toothbrush appeared to be more effective in removal of bacterial plaque deposits and reducing the inflammatory response in the gingiva as noted by the gingival index or by the bleeding response following provocation.
Summary: Evidence for Mechanical Debridement

Two long-term studies support the concept that a combination of personal and professional preventive measures based on mechanical debridement are effective in either preventing the occurrence or preventing the progression of the inflammatory periodontal diseases.  All four have demonstrated effectiveness in plaque reductions accompanied by reductions in the gingival inflammatory response when compared to manual toothbrushing in evaluations ranging from 2 to 8 months  Oral hygiene standards deteriorate without supervised maintenance, which emphasizes the need for ongoing personal and professional care.

Improved Clinical Decision Making Using the Evidence-Based Approach

Abstract

The major goal of using the evidence-based approach was to improve treatment decisions by increasing the strength of the inference that practitioners can derive from the base of knowledge contained within the literature.  The evidence-based (EB) approach is a straightforward, systematic process which helps the clinician and researcher evaluate the relevant information regarding diagnostic, treatment, prognosis, and experimental decisions.

Determining Which Therapy Is the “Best”

Once the target disorder or problem is properly identified, the clinician faces the difficult task of determining which therapy best fits the patient's problem.  There is no universally applied, predictable therapy which fulfills every patient's treatment goals for periodontitis. In all situations, the practitioner must consider the trade-offs, insure that no harm will come to the patient, and be aware of non-treatment effects which may contribute to the outcomes. 

Clinical Significance

Clinical significance is always determined by using some combination of patient preferences, clinician experience, and scientific evidence to support a specific therapeutic decision and reduce risk.  In other words, match the technology with the problem and with patient preferences. Conversely, imprecise application of either the wrong procedure or use of unproven technology puts the patient at risk.  Risk/benefit discussions should be a regular and continuous part of the clinician's dialogue with patients.

Evaluating the Evidence

In order to assess the available information, objective and reproducible methods must be used.  The Rules of Evidence which have been developed to guide the evaluation are based on the quality and significance of the evidence and on the value of the results as applied to clinical diagnosis and treatment.  

· Clearly stating the questions and methods. A clear statement of the question defines the target of the literature search and permits clinicians to use appropriate guides to assess the validity of the articles.

· Using comprehensive search methods to locate relevant studies.
· Using explicit methods to determine which articles to include.
· Carefully analyzing the variation between the findings of the relevant studies. The difference between clinical and statistical significance must be explicitly analyzed.  The randomized clinical trial (RCT) is the gold standard of evidence, but there are relatively few RCTs in the periodontal literature, because these studies are costly and extremely difficult to perform.  Consecutive controlled case studies are good evidence for demonstrating clinical success (not predictability), and case reports establish proof of principle that a technique has the potential to achieve the desired goal. Results from case reports and reports on a series of patients, however, provide weak inferences about the treatment.

· Appropriately combining the findings of the primary studies.
· Insuring that the conclusions are supported by the data cited.
· Developing evidence tables and algorithms.
This framework helps to avoid the traditional weaknesses of the “old-fashioned” narrative review, which often did not include the objective criteria used by the authors for determining the conclusions.  Validity requires at least three characteristics:  1) reproducibility; 2) appropriateness of the question; and 3) measurement of the intended variable. The evidence-based methods presented in this report meet these three criteria.  

Quality Assessment and Economic Considerations
Professional competency and competitiveness depend in part on our ability to provide high-quality technical service. In order to do this predictably and consistently, we must know what factors have been associated with reproducibility and predictability, and then determine the best ways to control, use, or integrate them into a procedure.

The Evidence-Based Approach as a Good Model for Periodontics
The rigorous system for objective assessment of methodologies and data described by the EB approach explicitly permits the integration of anecdotal clinical observations when it is the only level of information available.  By following the basic evidence-based principles, payers and policy makers will be speaking the same language as clinicians and scientists. There is also the danger of over-using the EB approach and applying guidelines too strictly.

RISK FACTORS

Introductory Comments and Definitions

In a broad sense, the term “risk factor” may indicate an aspect of personal behavior or life-style, an environmental exposure, or an inborn or inherited characteristic which, on the basis of epidemiologic evidence, is known to be associated with disease-related conditions. Such an attribute or exposure may be associated with an increased probability of occurrence of a particular disease without necessarily being a causal factor. A risk factor may be modified by intervention, thereby reducing the probability of occurrence of the particular disease.

Principles of the risk assessment process which ideally should consist of the following four steps: 

1. The identification of one or several individual factors that appear to be associated with the disease under investigation.

2. In case of multiple factors, the development of a multi-variate risk assessment model that discloses the combination of factors which most effectively discriminate between subjects with high and low risk of developing disease and the subsequent determination of the utility and efficiency of the model.

3. The assessment step, in which populations are screened for this particular combination of factors in order to predict their risk for developing disease.

4. The targeting step, in which the exposure to the identified factors is modified by prevention or intervention and the effectiveness of this particular regimen is evaluated.  Longitudinal studies involving multi-variate techniques are considered to offer high quality evidence. Results from cross-sectional studies are considered as providing evidence for risk indicators and putative risk factors.

Longitudinal Studies

Six studies involving longitudinal clinical assessments of probing attachment level and multi-variate techniques have been published since 1989.  Examined upon together, however, the studies allow the following conclusions:

1. It is important to distinguish between risk factors and disease predictors.

2. The same risk factors do not necessarily have to be verified in every single study in order to be accepted as such, since the interaction between environmental and subject-related factors (alternatively referred to as “susceptibility” to the disease) does not have to be constant in geographically or racially different populations.

3. Disease progression manifested as increasing probing depth does not necessarily have the same etiology as the one expressed as progressing recession.

4. Smoking appears to be a true risk factor. Results obtained by improved microbiological methods indicate that certain subgingival species are risk/etiological factors. The exact role of age is more difficult to assess; it is unclear if aging per se is a risk factor, or if its effect is due to the prolonged exposure of older subjects to true etiological factors. 

5. Assessment of incidence of the disease is directly associated with the progression threshold employed on both the site level (mm of attachment loss or bone loss) and on the subject level (number of “active” sites).

Data suggest that periodontitis may be like other diseases for which the factors associated with the initiation of the disease may be different from the ones involved in its progression.

Cross-Sectional Studies

1.  Multiple factors.  Different factors may be of importance in distinct population groups; hence, race or age appear to be significant determinants of the interaction between certain factors and disease expression.

2.  Smoking and tobacco use.  The inferior periodontal conditions of smokers cannot be attributed to poorer plaque control, more severe gingivitis or special composition of the subgingival microflora. Progression of periodontal disease was assessed on radiographs at all proximal tooth surfaces and was revealed to be almost twice as rapid in smokers than in non-smokers. Interestingly, subjects that quit smoking at some time point within the observation period had a significantly retarded progression of bone loss than the one occurring in smokers. The authors concluded that quitting smoking may result in a favorable effect with respect to the progression of periodontal disease.  Smoking entailed an overall increased risk for severe disease (estimated overall odds-ratio of 2.82). Two of the studies showed an increased prevalence and severity of gingival recession in smokeless tobacco users while the third failed to document such a difference.

3.  Diabetes mellitus.  Two of the studies deal with diabetes in children and adolescents and, apart from a more pronounced gingivitis in insulin-dependent diabetes mellitus (IDDM) patients, fail to detect notable differences in the periodontal conditions between diseased and healthy subjects. Another demonstrates more severe periodontal conditions in adult patients with diabetes.  Investigators showed that diabetics were 3 times more likely to suffer attachment and alveolar bone loss than non-diabetics.  This demonstrates a statistically significant association between periodontal disease and diabetes mellitus.  The subgingival microflora appears to be similar in diseased pockets of patients irrespective of the severity of their diabetes and no clear “dose-response” relation between diabetes severity and periodontal disease severity can be documented.  However, patients with long duration, poorly-controlled diabetes appear to experience more attachment and bone loss than diabetics with good metabolic control.  The authors showed an increased concentration of catabolic enzymes in the gingival crevicular fluid of patients with poorly controlled diabetes.

4.  HIV infection.  Contrary to earlier reports demonstrating dramatic periodontal conditions in HIV-positive subjects, more recent studies failed to document any notable difference in prevalence and severity of periodontal disease in such individuals when compared to healthy controls.  The authors suggested that seropositivity in combination with older age confers an increased risk for attachment loss.

Periodontal Disease as a Risk Factor for Other Diseases

The possible role of periodontal infections as risk factors for systemic diseases has recently attracted special attention.  Beck indicated that periodontal and ischemic diseases may share some common etiologic pathway.  They reported that 1) the severity of dental infections correlates with the extent of coronary atheromatosis, and 2) individuals with severe dental infections have higher levels of von Willebrand factor antigen, leukocytes, and fibrinogen. They suggested that the mechanism behind the association between dental infections and CHD could be the effect of bacteria on the cells taking part in the pathogenesis of atherosclerosis and arterial thrombosis.

Interestingly, an attributable risk analysis indicated that as much as 18% of all PLBW (pre-term low birth weight) cases could be due to periodontal infections.

RATIONALE FOR PREVENTIVE MEASURES

For effective preventive measures it is necessary to recognize, identify, and eliminate or minimize both the etiologic factors as well as the risk factors associated with the disease process.

Prevention of Gingivitis and Periodontitis

Early diagnosis. As noted above, prevention has two aspects: prevention of occurrence and prevention of progression. In order to minimize the latter aspect of prevention, an early diagnosis of disease occurrence is essential.  Both the prevention and early diagnosis of gingivitis still remain important goals since it has been noted that gingival inflammation is a necessary, although not sufficient, prerequisite for periodontitis. Once gingival inflammation is evident, identification of other risk markers, such as age, smoking, presence of some systemic diseases, or tooth mobility in addition to the etiologic agents of bacterial plaque and calculus, should be accomplished.  Thus, in evaluations of the efficacy of preventive measures for gingivitis, the presence or absence of gingival bleeding is a reliable endpoint assessment. If, however, the efficacy of preventive methods targeted at periodontitis must be evaluated, the occurrence of gingival bleeding is not sufficient to indicate a high probability of progression to periodontitis although its absence is related to effective prevention.

Risk factors. Although specific microorganisms have been considered as potential periodontal pathogens, it has become increasingly apparent that there is no single etiology of the various periodontal diseases or, even more specifically, of the inflammatory periodontal diseases. What has emerged is that the destructive periodontal diseases result from the interaction of environmental, host, and microbial factors.  Risk factors associated with the inflammatory periodontal diseases include bacterial plaque, calculus, age, smoking, concurrent occurrence of certain systemic diseases or disease processes, and tooth mobility, although it should be noted that the mobility is not considered a cause of attachment loss. 

· Calculus acts as a retentive mechanism for viable bacterial deposits and the toxins produced, thus contributing to attachment loss. It does appear to be an important contributor to the chronicity of the disease process.  

· Age is a risk factor for periodontitis.  With efficient elimination of plaque and calculus, there may be no clinically detectable loss of periodontal attachment with age. 

· Smokers exhibited an increased prevalence as well as severity of destructive disease.  Statistically significantly greater odds ratios have been reported for a positive smoking history among subjects with moderate to advanced periodontal disease when compared to age and sex matched patients in a general practice.

· Not surprisingly, systemic diseases or disease processes which adversely effect host defense systems also act as risk factors for both gingivitis and periodontitis.  Strong positive evidence exists linking the occurrence of diabetes mellitus to increased risk for the inflammatory periodontal diseases. Those particularly high risk groups included individuals who: 1) did not maintain good oral hygiene; 2) have a long history of diabetes; 3) demonstrated other complications of diabetes; 4) had a history of poorly controlled diabetes; and 5) were either teenagers or pregnant women.  The mechanisms through which diabetes may contribute to periodontal destruction include vascular changes, neutrophil dysfunction, altered collagen synthesis, and genetic predisposition.

· Identification of tooth mobility as a risk factor does not imply that a causative mechanism exists between the rate of attachment loss and tooth mobility or its causes. Rather, as indicated in a recent epidemiological study, tooth mobility is a marker which should alert the clinician to the presence of an area at increased risk of future attachment loss. 

EVIDENCE FOR SUPPORTIVE PERIODONTAL TREATMENT

A more recent report of the effectiveness of individual SPT indicated that 10 years following completion of periodontal therapy, patients who had received at least periodic SPT had significantly lower probing depths and a reduced tooth loss rate compared to those who failed to receive SPT.  Logically, intervals for SPT should be set according to the risk for disease activity which the patient presents. The authors did note that females as a group were more likely to comply with the prescribed SPT, but concluded that it was not possible to anticipate which individuals were likely to comply.  A second report indicated that the first year following active therapy was the critical time when patients decided whether to comply with SPT. There was no significant relationship found between the degree of compliance and patient gender, recall interval, or type of treatment procedure. It was noted that compliant subjects were younger and that compliance increased with the number of surgeries performed.

Summary: Evidence for Supportive Periodontal Treatment

The need for and efficacy of SPT appear to be adequately documented.  Determination of the ideal interval for each patient based on their initial presentation, factors determined during therapy, or response to initial therapy is yet to be documented. Finally, parameters to predict which individuals will be compliant with SPT are yet to be determined.

	
	Bristles
	Angle
	Movement
	Purpose

	Stillman
	Gingivally
	30˚
	Coronally, rolling, vibrating (5-7x)
	For healthy periodontium with recession

	Modified Stillman
	Gingivally
	30˚
	Coronally, rolling (5-6x)
	

	Bass
	Gingivally
	45˚
	Vibratory, circular
	In cervicular space

	Modified Bass
	Gingivally
	45˚
	Bass with a sweeping movement
	Healthy and diseased periodontiums

	Rotational scrub
	Perpendicular to crown
	90˚
	Circular
	Healthy periodontium and gingivitis

	Charter’s
	Occlusally
	45˚
	Back and forth in circles
	Best for interproximals, most difficult

	Horizontal scrub
	Perpendicular to crown
	90˚
	Back and forth
	Only on occlusals, can cause hard and soft tissue damage


Risk Factors may be environmental, behavioral, or biologic factors that, when present, increase the likelihood that an individual will get the disease. They are part of the causal chain and directly related to disease occurrence. 

· Smoking, microorganisms, diabetes mellitus

The term risk determinant (background characteristic), which is sometimes substituted for the term risk factor, should be reserved for those risk factors that cannot be modified.

· Genetic factors, age gender, socioeconomic status

Risk indicators are probable or putative risk factors that have been identified in cross-sectional studies but not confirmed through longitudinal studies. 

· HIV/AIDS, osteoporosis, infrequent dental visits

Risk predictors (or markers) are associated with increased risk for disease but do not cause the disease. These factors also are identified in cross-sectional and longitudinal studies.

· Previous history of periodontal disease, BOP

