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Prognosis Versus Actual Outcome.
II. The Effectiveness of Clinical
Parameters in Developing an

Accurate Prognosis
Michael K. McGuire* and Martha E. Nunnf

The assignment of prognosis is one of the most important functions undertaken in
clinical practice, yet there is little evidence to support the current decision-making
process which is based on an outdated model of disease etiology and progression.
This study evaluated 100 treated periodontal patients (2,484 teeth) under maintenance
care for 5 years, with 38 of these patients followed for 8 years, to determine the
relationship of assigned prognoses to the clinical criteria commonly used in the de-
velopment of prognosis. The method of generalized estimating equations (GEE) for
correlated data was utilized to determine the relationship of each clinical factor to the
assignment of initial prognosis, improvement in prognosis at 5 years, and worsening
in prognosis at 5 years. A multiple linear regression model was constructed for pre-
dicting initial prognosis based on initial clinical data. Increased probing depth, more

severe furcation involvement, greater mobility, unsatisfactory crown-to-root ratio, mal-
positioned teeth, and teeth used as fixed abutments resulted in worse initial prognoses.
The coefficients from this model were able to predict accurately the 5-year and 8-year
prognoses 81% of the time. When teeth with "good" prognoses were excluded, the
predictive accuracy dropped approximately 50%. Multiple logistic regression models
indicated that improvement in prognoses and worsening in prognoses were both
strongly associated with initial probing depth, initial furcation involvement, initial
tooth malposition, and smoking when adjusted for initial prognosis. In addition, good
hygiene was found to increase the probability of improvement in prognosis while
initial mobility was found to decrease the likelihood of improvement in prognosis.
Neither of these factors was found to be significant in worsening of prognosis. Smok-
ing decreased the likelihood of improvement by 60% and doubled the likelihood of
worsening in prognosis at 5 years. The results of this study indicate that some clinical
factors used in the assignment of prognoses are clearly associated with changes in
clinical condition over time. The data also demonstrated that the traditional approach
for assigning prognoses is ineffective for teeth with an initial prognosis of less than
good. Since most periodontally involved teeth are compromised, further work should
include the development of a more effective method for assigning prognoses that is
based on clear, objective clinical criteria. J Periodontol 1996;67:658-665.
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nosis; treatment outcome; tooth loss; risk factors; dental models.

Very few studies have evaluated the process for the as-

signment of an accurate prognosis. Recently, interest in
the subject has increased, but close inspection of the lit-
erature reveals that researchers focus more on risk factors
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than on prognostic factors.1 "9 "Risk factors" are defined
as those patient characteristics associated with the devel-
opment of the disease in the first place; "prognostic fac-
tors" are defined as those characteristics that may predict
the outcome once the disease is present but do not actu-

ally cause it.10 Although some models will allow one to
evaluate risk factors in an epidemiological sense, the real
challenge lies in the development of a model that will
predict outcome on an individual patient basis.11
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Table 1. Commonly Taught Clinical Factors Used in Assigning
Prognosis
Individual Tooth Prognosis

Percentage of bone loss
Deepest probing depth (in mm)
Horizontal or vertical bone loss
Deepest furcation involvement: 0, 1, 2, 3
Mobility: 0, 1, 2, 3
Crown-to-root ratio: favorable or unfavorable
Root form: favorable or unfavorable
Caries or pulpal involvement: yes or no

Tooth malposition: yes or no
Fixed or removable abutment: yes or no

Overall Prognosis
Age
Significant medical history (smoker and/or diabetic):

yes or no

Family history of periodontal disease (mother, father, sibling):
yes or no and whom

Hygiene: good, fair, poor
Compliant: yes or no

Maintenance interval": 2 months; 2 months alternate; 3 months;
3 months alternate

Parafunctional habit with biteguard
Parafunctional habit without biteguard

Even though the assignment of prognosis is one of the
most important functions undertaken in clinical practice,
no clear guidelines have yet been established. In fact,
practitioners have handed down their particular approach
for assigning prognosis from one generation to the next
without investigating evidence to support the decision-
making process. Most periodontal textbooks routinely in-
clude a chapter on prognosis which reflects the belief that
the practitioner must consider many factors about the
tooth, dentition, and individual (Table 1) to arrive at a

prognosis, but how one arrives at that prognosis is not
clear. The process is further confounded by therapists em-

phasizing factors based on their idiosyncratic judgment
and past experience. As important as clinical intuition and
judgment are, the evidence-based decision-making pro-
cess has demonstrated that subjective variables may result
in the clinician's overestimating the efficacy of a partic-
ular approach. The ability to assign a correct prognosis
can be improved through the incorporation of unbiased
quantitative data.'213

The first paper in this series14 evaluated 100 treated
periodontal patients (2,484 teeth) under maintenance care

for 5 to 8 years to determine the accuracy of assigned
prognosis based on the commonly taught clinical criteria
found in Table 1. The results indicated that the ultimate
fate of teeth initially labeled as hopeless varied substan-
tially and, even though the average prognosis of teeth
studied at each interval remained relatively stable over

time, individual prognosis categories and individual tooth
prognoses changed frequently. Possible reasons for these
shifts were discussed. In conclusion, it was found that
projections utilizing the factors listed in Table 1 were in-

Table 2. Definitions of Various Prognoses
• Good Prognosis (one or more of the following): Control of the eti-

ologic factors and adequate periodontal support as measured clinically
and radiographically to assure the

,

tooth would be relatively easy to
maintain by the patient and clinician assuming proper maintenance.

• Fair Prognosis (one or more of the following): Approximately 25%
attachment loss as measured clinically and radiographically and/or
Class I furcation involvement. The location and depth of the furcation
would allow proper maintenance with good patient compliance.

• Poor Prognosis (one or more of the following): 50% attachment loss
with Class II furcations. The location and depth of the furcations
would allow proper maintenance, but with difficulty.

• Questionable Prognosis (one or more of the following): Greater than
50% attachment loss resulting in a poor crown-to-root ratio. Poor root
form. Class II furcations not easily accessible to maintenance care or

Class III furcations. 2+ mobility or greater. Significant root proximity.
• Hopeless Prognosis: Inadequate attachment to maintain the tooth. Ex-

traction performed or suggested.

effective in predicting outcomes other than good, and that
prognoses tended to be more accurate for single rooted
teeth than for multirooted teeth. These results were re-

cently confirmed in a study reported by Ghiai and Bis-
sada.15

The purpose of the present study is to further evaluate
the data derived from the longitudinal investigation used
in the previous article, to explore the relationship of each
clinical factor in Table 1 to their prognosis assignment
and, if possible, to determine which clinical parameters
are the most important in developing an accurate prog-
nosis.

MATERIALS AND METHODS
As reported earlier, 100 consecutive patients with at least
5 years of maintenance care were selected from one clin-
ician's appointment book over a 2-month period.14 All had
been initially diagnosed as having chronic generalized
moderate to severe adult Periodontitis and were treated by
the same clinician. Patients in the study were under main-
tenance regimens of 2- or 3-month intervals with the ma-

jority under a 3-month interval and reflected many of the
characteristics observed in "well maintained" patients.16
Additional information regarding the study population,
therapy, and assignment of prognoses can be found in the
initial report.14 The prognostic criteria used in this series
of studies are described in Table 2.

Determining the Actual Outcome
Teeth lost during the initial active phase of periodontal
therapy were documented, along with the prognosis as-

signed each tooth following active therapy and prior to
maintenance care. The same set of criteria were used for
assigning prognoses at 5 and 8 years. Subsequent prog-
noses were determined by charted clinical data accumu-

lated between initial and 5 years and 5 years and 8 years,
rather than on information recorded only at the 5-year and
8-year examinations. A more accurate projection of prog-
nosis was intended by this method. All assessments were
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blind to previous assessments and conducted by the same

examiner. The prognoses initially, at 5 years, and at 8
years were then compared.

Statistical Methods
Statistical analyses were conducted using SAS and S Plus
statistical software packages. Prognosis was used to fa-
cilitate the exploration of which clinical factors impact a
tooth in such a way as to change its prognosis over a

period of time. Prognosis in this setting could be consid-
ered to be a measure of the tooth's overall clinical ap-
pearance at a particular point in time. To evaluate the
relationship of each clinical factor (Table 1) to the as-

signment of prognosis, a series of simple linear regres-
sions were performed using the method of generalized
estimating equations (GEE) as outlined by Zeger and Li-
ang.17 This method was utilized since the data were cor-
related and ordinary least squares evaluations would be
invalid. Prognoses were given numerical values from 1 to
5 for the initial prognoses and 1 to 6 for later prognoses
with a score of 1 representing a good prognosis and a

score of 6 representing a hopeless tooth that was extracted
during the maintenance phase. The initial prognoses were

regressed on each of the clinical factors individually.
Clinical factors that were considered included age at the
beginning of the study; history of smoking; history of
diabetes; patient compliance; history of parafunctional
habit; use of a biteguard; percent overall bone loss; deep-
est probing depth; type of bone loss (horizontal or verti-
cal); degree of furcation involvement (0 for none up to 3
for the most involved); mobility (0 for no mobility up to
3 for the greatest mobility); crown-to-root ratio (satisfac-
tory or unsatisfactory); root formation (satisfactory or un-

satisfactory); endodontic involvement; presence of caries;
root proximity (satisfactory or unsatisfactory); tooth mal-
position (satisfactory or unsatisfactory); fixed abutment;
removable abutment; oral hygiene (good, fair, poor), and
overall family history of periodontal disease (0 for no

history, 1 for history in sibling, mother, or father). In all
cases an exchangeable correlation structure was assumed.

To discover which clinical factors were related to im-
proved prognosis (and by interference, improved condi-
tion), only teeth that had a prognosis of less than good
were included. The response variable considered was a

dichotomous variable that was assigned 1 if the tooth im-
proved in prognosis and 0 otherwise. To evaluate what
clinical factors were related to worse prognosis (and by
inference, worse condition), only teeth that had a prog-
nosis of better than questionable were fitted in the model.
The response variable considered was a dichotomous
variable that was assigned 1 if the tooth worsened in
prognosis and 0 otherwise. The method of GEE was uti-
lized to fit a series of simple logistic regressions to de-
termine which clinical factors were significantly associ-
ated with improved prognoses and worsening prognoses.

The clinical factors mentioned above were considered for
analysis. Improvement in prognosis and worsening in
prognosis were measured from initial to 5-year prognoses.

Multiple linear regression and logistic regression mod-
els were constructed including all clinical factors that
were significantly correlated (a s 0.10) with initial prog-
nosis, improved prognosis at 5 years, and worsening
prognosis at 5 years for the respective models. Insignifi-
cant variables were then dropped one at a time until all
variables left in the model were significant at the 0.10
level of significance. The method of GEE was also used
to fit the multiple regression models.

Multiple logistic regressions for improved prognosis
and worsening prognosis incorporated initial prognoses.
Indicator variables for the different levels of initial prog-
nosis .were used (poor, questionable, and hopeless for the
improved prognosis model and fair and poor for the wors-

ening prognosis model). A forward step-wise approach
was utilized with indicator variables for the prognosis en-

tered initially and variables added one at a time until a

significance level of  £ 0.10 was achieved for every
variable in the model.

To assess the validity of the multiple logistic regression
models, specificity and sensitivity were calculated. Spec-
ificity is the proportion of teeth that did not improve that
were correctly predicted not to improve by the model.
Sensitivity is the proportion of teeth that improved that
were correctly predicted to improve by the model. Spec-
ificity and sensitivity were calculated with different pre-
dicted probabilities used to categorize predicted improve-
ment and predicted worsening in prognosis in order to

jointly maximize sensitivity and specificity based on the
data. Sensitivity and specificity were calculated for im-
provement and worsening at 5 years to obtain an upper
estimate of the accuracy of the constructed models. To
further test the validity of the models, parameter estimates
obtained from the models for improved prognoses at 5
years and worsening prognoses at 5 years were then used
to calculate sensitivity and specificity of improvement at
8 years and worsening at 8 years based on 5-year data.

RESULTS

The Relationship of Clinical Factors to Prognosis
Factors that were significantly correlated (a < 0.05) with
initial prognosis included history of periodontal disease
in a sibling, history of parafunctional habit, percent over-
all bone loss, deepest probing depth, presence and sever-

ity of furcation involvement, tooth mobility, unfavorable
crown-to-root ratio, unfavorable root formation, tooth
malposition, and fixed prosthesis abutment. Unfavorable
root proximity was also marginally significant (P value
= 0.054). Those with a history of periodontal disease in
a sibling had proportionally more teeth with worse prog-
noses when compared to those with no history of peri-
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Table 3. Multiple Regression on Initial Prognosis Table 4.
5 Years

Initial Clinical Factors Affecting Change in Prognosis at

Parameter Estimate
Standard

Error Robust   Value

Intercept
Probing depth
Furcation
Crown/root ratio
Mobility
Malposed
Fixed abutment

0.615
0.143
0.192
0.108
0.268
0.332
0.125

0.0531
0.0136
0.0369
0.0453
0.0788
0.1795
0.0693

11.57
10.49
5.20
2.37
3.40
1.85
1.81

<0.0001
<0.0001
<0.0001

0.0178
0.0007
0.0643
0.0703

odontal disease in a sibling. Those with parafunctional
habits had teeth with worse prognoses than those without
a parafunctional habit. As would be expected, teeth as-

sociated with greater overall bone loss had a worse prog-
nosis. An increase in probing depths, furcation involve-
ment, and mobility were all associated with a worse prog-
nosis. Both unfavorable crown-to-root ratio, unfavorable
root formation, and tooth malposition were associated
with more unfavorable prognoses. Teeth used as abut-
ments for fixed prostheses tended to have worse prog-
noses. Teeth with unfavorable root proximity also tended
to have less favorable prognoses.

The final multiple linear regression model obtained for
predicting initial prognosis is summarized in Table 3. The
data in this table demonstrate that all variables in the
model result in a worse prognosis. Increased probing
depth, more severe furcation involvement, greater mobil-
ity, unsatisfactory crown-to-root ratio, malposed teeth,
and teeth used as fixed abutments result in less favorable
prognoses. To test the validity of this model, the coeffi-
cients from this model were used to predict 5-year and
8-year prognoses from the 5-year and 8-year data, re-

spectively. These predicted values were then rounded to
the nearest integer and compared to the actual prognosis
recorded for that period. For the 5-year data, the regres-
sion model accurately predicted 81% (2,007 cases) of the
actual prognoses; a worse prognosis in 116 (5%); and a

better prognosis in 351 cases (14%). For the 8-year data,
the regression model accurately predicted 81% (751
cases) of the observed prognoses, worse prognoses in 33
cases (4%); and more favorable prognoses in 140 cases

(15%).
When evaluating the accuracy of this model according

to tooth type, it was found that the model was most ac-

curate for anterior teeth and least accurate for molars. At
5 years, the model accurately predicted 89% of anterior
teeth while it accurately predicted only 65% of molars.
Overall prediction of non-molars resulted in 87% accu-

racy at 5 years. Similarly, the model accurately predicted
92% of anteriore at 8 years, and only 65% of molars.
Overall prediction of non-molars resulted in 87% accu-

racy at 8 years.
The first paper in this series14 concluded that an accu-

rate prognosis was more difficult to make for teeth with

Clinical Factor
Improved

(Odds Ratio)
Worse

(Odds Ratio)
Father had periodontis
Smoking
Diabetes
Habit
No biteguard
50% bone loss
Probing depth (per mm)
Furcation
Mobility
Root formation
Caries
Endodontic
Malposed
Good hygiene
Fixed abutment

1.716
0.556
0.723
0.901
0.847
1.076
0.795
0.715
0.712
0.711
5.596
1.916
0.441
3.274
1.501

0.757
1.891
1.451
1.456
1.525
1.594
1.365
1.710
1.219
1.835
1.919
4.349
2.173
0.720
1.446

*Odds ratios significant at a = 0.05 are shown in bold type. Factors
significant at  = 0.10 are shown in italics. Insignificant factors for both
improved prognosis and worse prognosis at 5 years are not shown.

an initial prognosis of less than good. Since approxi-
mately 70% of the teeth being evaluated had an initial
prognosis of good, it follows that the accuracy of the
assignment process for individual tooth prognoses would
be more sensitively tested by the evaluation of the study
groups after the exclusion of all good prognoses. When
teeth with "good" prognoses were excluded, the accuracy
of prediction dropped considerably. The overall accuracy
for teeth with less than "good" initial prognoses was 43%
at 5 years and 35% at 8 years. Ironically, the model was

most accurate for predicting less than "good" prognoses
for molars with an accuracy of 59%. The accuracy for
molars with less than "good" prognoses at 8 years was
47%. Accuracy of prediction of non-molars with fair or

worse prognoses was much lower. Prognoses of anteriors
with fair or worse prognoses were only 28% accurate at
5 years and 4% accurate at 8 years. The overall accuracy
of non-molars with fair or worse prognoses was only 23%
at 5 years and 21% at 8 years.

Clinical Factors Related to Improved Prognoses and
Worsening Prognoses
A summary of odds ratios for improved prognosis and
worsening prognosis at 5 years is given in Table 4. From
these data, we see that smoking, initial probing depth,
initial furcation involvement, initial mobility, and good
oral hygiene were all significantly related to the proba-
bility that a tooth would improve at 5 years. We see that
smoking, initial probing depth, initial furcation involve-
ment, initial root form, initial endodontic involvement,
malposition, and no biteguard in the presence of a para-
functional habit were all significantly (a < 0.05) related
to the probability that a tooth would worsen at 5 years.
In addition, percent bone loss, parafunctional habit, and
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Table 5. Multiple Logistic Regression on Improved Prognosis at 5
Years Based on Initial Clinical Factors

Clinical Factor Estimate
Standard

Error  Value
Odds
Ratio

Intercept
Poor*
Questionable*
Hopeless*
Probing depth*
Furcation*
Mobility*
Smoking
Good hygiene
Malposed*

2.565
2.005
2.459
0.944

-0.312
-0.401
-0.340
-0.873

0.918
-1.121

0.3568
0.3386
0.5826
0.6032
0.0609
0.1083
0.1496
0.3314
0.3572
0.5598

<0.0001
<0.0001
<0.0001

0.1164
<0.0001

0.0002
0.0232
0.0085
0.0102
0.0455

7.426
11.693
2.570
0.732
0.670
0.712
0.418
2.504
0.326

»Initial.

Table 6. Multiple Logistic Regression on Worse Prognosis at 5
Years Based on Initial Clinical Factors

Clinical Factor Estimate
Standard

Error  Value
Odds
Ratio

Intercept -4.275 0.2953 <0.0001
Fair* -1.784 0.2872 <0.0001 0.168
Poor* -3.767 0.4436 <0.0001 0.023
Probing depth* 0.465 0.0515 <0.0001 1.592
Furcation* 0.611 0.1113 <0.0001 1.842
Smoking 0.644 0.2468 0.0091 1.904
Malposed* 0.842 0.3988 0.0349 2.321
Diabetes (controlled) 0.736 0.1460 <0.0001 2.088
Root form* 0.475 0.3307 0.0394 1.608
Endodontic* 1.352 0.4449 0.0024 3.865

*Initial.

diabetes were all marginally associated to the probability
that a tooth would worsen at five years.

The final regression model constructed for improved
prognosis at 5 years is summarized in Table 5. From Table
5, it can be seen that increased initial probing depth, more

severe initial furcation involvement, greater initial mobil-
ity, initial malposed teeth, and smoking were all associ-
ated with a decreased likelihood of improvement in prog-
nosis. Good oral hygiene and prognosis of poor or worse
were both associated with an increased probability of im-
provement in prognosis. In fact, teeth with poor progno-
ses initially had over 7 times as great a chance of im-
provement when compared to teeth with fair prognoses
initially while teeth with questionable prognoses had
nearly 12 times as great a chance of improvement at 5
years compared with those that had fair prognoses ini-
tially.

Sensitivity to improvement at 5 years based on initial
data was 69%. The specificity of improvement at 5 years
based on initial data was 69%. Based on 5-year clinical
data, sensitivity and specificity for improvement in prog-
nosis at 8 years were 65% and 63%, respectively.

The final regression model fitted for worsening in prog-
nosis is summarized in Table 6. From Table 6, it can be
seen that increased initial probing depth, more severe ini-
tial furcation involvement, initial endodontic involve-

ment, smoking, diabetes, initial malposed teeth, and initial
unsatisfactory root form were all associated with an in-
creased probability of worsening in prognosis at 5 years.

Sensitivity to worsening at 5 years based on initial data
was 67%. The specificity of worsening at 5 years based
on initial data was 76%. Based on 5-year clinical data,
sensitivity and specificity for worsening in prognosis at 8
years were 66% and 60%, respectively.

DISCUSSION
The traditional process for the assignment of prognosis is
based on an outdated model of disease progression which
assumes that all plaque is the same and everyone is equal-
ly susceptible. The influence of the host is largely ignored
and environmental factors are believed to be very impor-
tant in the initiation and progression of the disease. Under
this paradigm, clinical factors (Table 1), primarily ana-
tomical in nature, are used to develop a prognosis and
eventual outcome dependent upon environmental factors
that limit care. Today's paradigm, however, suggests that
periodontal disease depends on the microbial insult, the
body's reaction to the insult, and the control of the level
of pathogens. The question we must answer is: does our
traditional concept for the assignment of prognosis fit our
new concept of periodontal diseases as site-specific in-
fections that depend much more on pathogens, protective
species, and host resistance than they do on the traditional
list of factors used in prognosis determination? More re-

search is needed to provide understanding about how dif-
ferent types of periodontal diseases affect the assignment
of prognosis. Unfortunately, this work will be difficult
because the newer concept of periodontal disease pro-
vides many more factors of uncertain influence that are
difficult to measure or monitor."

To assess the accuracy of assignment of prognosis, one

generally has to rely on weaker study designs such as
cohort studies or retrospective studies, such as the one

reported in this paper. When evaluating the results of this
study, one should consider a number of potential weak-
nesses, some of which were identified earlier.14 For in-
stance, the retrospective nature of data collection about
prognostic factors often depends on the memory of pa-
tients and the accuracy of records, both of which can limit
the strength of inference that can be drawn from these
studies. Even though the examiner in this study had some

knowledge about which prognostic factors the patient
possessed, it is unlikely that this knowledge substantially
biased the assessment since the examiner had no knowl-
edge of which prognostic factors were important.10 Final-
ly, only limited inference can be drawn from this analysis
since prognosis is not a true endpoint, but a predictor of
the true endpoint

-

tooth loss. Future studies will include
survival analysis based on tooth loss to determine the
accuracy of predicting tooth survival. In addition, surviv-
al analysis of the various clinical factors studied here
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should also be undertaken to better understand their re-

lationships to tooth loss.
As previously reported, the study population had many

of the characteristics of Hirschfeld and Wasserman's
"well-maintained" group.16 The only exception was that
40% of our group had parafunctional habits and of those,
only 40% wore biteguards. The oral hygiene pattern for
the group was rather typical for a periodontal maintenance
patient, with the great majority of patients having fair oral
hygiene (20% good, 66% fair, 14% poor). Almost one-

half of the patients (47%) were on a 3-month alternating
recall; one fourth (25%) were seen exclusively in the per-
iodontist's office on a 3-month interval; the remaining
patients were split between a 2-month recall exclusively
in the periodontist's office (17%) and a 2-month alternat-
ing recall (10%). The study population was found to be
very compliant, probably the result of the previously de-
scribed selection process. In order to be included in the
study, all patients had to be in maintenance for at least 5
years and, presumably, most of the non-compliant pa-
tients had dropped out by that time. Therefore, extrapo-
lation of data from this study would be most valid when
applied to other "well-maintained" periodontal mainte-
nance patients.

The first paper in this series14 concluded that an accu-

rate prognosis was more difficult for clinicians to assign
for teeth with an initial prognosis of less than good and
suggested that most good prognoses tend to remain good.
This current report not only reinforces the earlier conclu-
sion, but also demonstrates that overall accuracy of the
model at 5 years dropped by nearly 50% when teeth with
"good" prognoses were excluded. At 8 years, the accu-

racy dropped even more when "good" prognoses were

excluded, from 81% to 35%. Clearly, these data challenge
the effectiveness of the traditional approach to the as-

signment of prognosis. A coin toss would be an easier
and more accurate way for the clinician to assign a prog-
nosis under traditional guidelines, if the initial prognosis
is less than good. Surprisingly, the model was slightly
more accurate for assigning prognosis to molars than for
non-molars when teeth with "good" prognoses were ex-
cluded. This unexpected result perhaps can be explained
by the proportionately greater number of anterior teeth
excluded because of their good prognoses. In addition,
more clinical factors such as "furcation involvement" ap-
ply to molars than anterior teeth when the traditional ap-
proach is used.

The previous analysis14 revealed that prognoses often
changed over time, and changed most frequently in teeth
that had less than "good" prognoses initially. Statistical
analysis revealed that several factors were significantly
related, either positively or conversely, to the probability
of improvement in prognoses at 5 years. In particular,
increased probing depth initially, more severe furcation
involvement initially, more mobility initially, and mal-

position of a tooth initially were all associated with a

decreased probability of improvement. Initial hopeless
prognoses did not significantly differ from initial fair
prognoses in terms of the likelihood of improvement.
Ironically, teeth with poor prognoses initially were almost
seven and a half times as likely to improve when com-

pared with teeth with fair prognoses initially, while teeth
with questionable prognoses initially were nearly 12 times
as likely to improve in prognoses when compared to teeth
with fair prognoses initially. With the exception of teeth
with hopeless prognoses, it appears that teeth with worse

prognoses initially are more likely to improve. It was also
shown that smoking decreased the likelihood of improve-
ment by 60%. Good hygiene was found to increase the
likelihood of improvement by about two and a half times
that of teeth that had fair or poor hygiene (which did not
differ significantly from each other in terms of improve-
ment in prognoses).

Probability of worsening in prognoses was also eval-
uated using a multiple logistic regression model. In-
creased initial probing depth, more severe initial furcation
involvement, malposition of a tooth initially, initial un-

satisfactory root form, and initial endodontic involve-
ment, history of smoking and diabetes were all associated
with the probability that the prognosis of a tooth would
worsen at 5 years. Fair prognoses initially and poor prog-
noses initially had a substantially lower probability of
worsening in prognoses at 5 years when compared to
teeth with good prognoses initially. Specifically, teeth
with fair prognoses initially were only 17% as likely to
worsen in prognosis compared with teeth with good prog-
noses initially, and teeth with poor prognoses initially
were only 2% as likely to worsen in prognosis when com-

pared to teeth with initial good prognoses. In other words,
teeth that are already compromised tend not to get much
worse under maintenance care. Smoking and diabetes
both doubled the likelihood of worsening in prognosis at
5 years. Interestingly, hygiene level and mobility did not

appear to significantly affect the probability of worsening
in prognosis at 5 years, possibly because teeth with mo-

bility and exposed to poor hygiene were initially assigned
a worse prognosis. It is also possible that the professional
maintenance that the patients received overcame any neg-
ative effects of poor personal oral hygiene.

Interesting observations can be made between the data
reported in this communication and a paper recently pub-
lished by Ghiai and Bissada.15 Although their study pop-
ulation seems to closely parallel the one in this paper,
comparisons should be viewed cautiously because of dif-
ferences between the two studies in both the definition of
prognoses and which clinical factors were evaluated. Tak-
ing that into account, they also found (when evaluating
all teeth) that it was more difficult to accurately predict
prognoses for posterior teeth than anterior teeth. When
evaluating their success of assigning an accurate prog-
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nosis to all teeth in their study over 5 to 13 years, they
found that their model was 38% successful. (They did not
evaluate the success of their model on teeth whose initial
prognoses was less than good.) In their study, the only
factors that showed statistical significance in their efforts
to develop a predictive model were mobility, oral hy-
giene, and alveolar bone score. Mobility was the most
important clinical parameter in predicting prognosis re-

gardless of tooth type. Wheeler et al. also found that mo-

bility was the most important clinical parameter when
combined with other microbiologie and immunological
risk factors for predicting alveolar bone loss in elderly
populations.18 Wang et al. reported in 1994 that teeth with
furcation involvement and mobility had significantly
more attachment loss during the maintenance period,
which one might assume equates with a worsening prog-
nosis.19 With the exception of the probability of worsen-

ing in prognosis, our models also demonstrated the im-
portance of mobility in the development of prognosis.
Perhaps the reason mobility is such an important clinical
parameter is that this one indicator provides a good over-

view of many other parameters such as the amount of
attachment loss, the stability of the occlusion, and pos-
sibly the presence of parafunctional habits.

A number of recent studies20-23 have implicated smok-
ing as an important risk factor in periodontal disease. As
mentioned earlier, our study indicated that smoking de-
creased the likelihood of improvement of prognoses by
60% and it doubled the likelihood of worsening in prog-
nosis at 5 years.

The data from this study seem to indicate that the uti-
lization of all of the factors listed in Table 1 to assign a

prognosis may not be necessary. It appears that clinicians
should weigh certain criteria (increased probing depth,
more severe furcation involvement, greater mobility, un-

satisfactory crown to root ratio, malposed teeth, smoking,
and teeth used as fixed abutments) more heavily in the
assignment of a prognosis when evaluating the population
as a whole. The problem, however, with some of these
significant clinical variables (increased probing depth,
more severe furcation involvement, and greater mobility)
is that they are a reflection of the progression of the dis-
ease process and not useful predictors for the assignment
of prognosis because the variables themselves do not exist
until the downward shift in prognosis occurs. On the other
hand, the other four significant clinical factors (unsatis-
factory crown-to-root ratio, malposed teeth, smoking, and
teeth used as fixed abutments) are available when the as-

signment of prognosis occurs and the data would seem to
indicate that more weight should be placed on their pres-
ence than the other commonly taught clinical parameters
in Table 1.

Further work needs to be accomplished to validate the
effectiveness of the predictive models outlined in this pa-
per, especially as they relate to teeth whose initial prog-

noses is less than "good." In addition, studies need to be
conducted to determine which, if any, microbial or im-
munological factors may also be important in the assign-
ment of an accurate prognosis, especially in non-adult
forms of the disease.

The goal of this paper was to evaluate the effectiveness
of commonly taught clinical parameters in the develop-
ment of an accurate prognosis. The summation of evi-
dence from this study demonstrates that it is possible to
predict prognoses using clinical parameters alone and,
furthermore, that some clinical factors appear to be more

important than others in the assignment of prognosis
when the entire population is evaluated. The data indicate
that a model which includes initial probing depth, furca-
tion involvement, mobility, unsatisfactory crown-to-root
ratio, malposed position of the tooth, and utilization of
the tooth as a fixed abutment is surprisingly accurate in
predicting actual prognoses at 5 (81%) and 8 years (81%).
It appears, however, that this same approach for the as-

signment of prognosis is ineffective for teeth with an ini-
tial prognosis of less than "good." This is disappointing
because the reality of clinical practice is that even after
our best therapeutic efforts, many teeth that have suffered
the ravages of periodontal disease cannot be brought back
to a pristine condition and thus have less than a "good"
prognosis. For these teeth, more effective methods for the
assignment of prognoses are needed.
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