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Background: A previously described economic model
was based on average values for patients diagnosed with
chronic periodontitis (CP). However, tooth loss varies
among treated patients and factors for tooth loss include
CP severity and risk. The model was refined to incorporate
CP severity and risk to determine the cost of treating a spe-
cific level of CP severity and risk that is associated with the
benefit of tooth preservation.

Methods: A population that received and another that
did not receive periodontal treatment were used to deter-
mine treatment costs and tooth loss. The number of teeth
preserved was the difference of the number of teeth lost
between the two populations. The cost of periodontal treat-
ment was divided by the number of teeth preserved for
combinations of CP severity and risk.

Results: The cost of periodontal treatment divided by the
number of teeth preserved ranged from (US) $1,405 to
$4,895 for high or moderate risk combined with any sever-
ity of CP and was more than $8,639 for low risk combined
with mild CP. The cost of a three-unit bridge was $3,416,
and the cost of a single-tooth replacement was $4,787.

Conclusion: Periodontal treatment could be justified on
the sole basis of tooth preservation when CP risk is moder-
ate or high regardless of disease severity. J Periodontol
2014;85:e31-e39.
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A
recent study by Fardal et al.1

reported that the direct life costs
for periodontal therapy were

cost effective if the patient chose not
to have treatment for their periodontal
condition and had no more than four
teeth replaced with bridges or implants.
The timeframe of the model was 33
years during periodontal maintenance
and costs included: 1) periodontal
scaling and surgery; 2) prosthetic tooth
replacement; 3) follow-on costs of
periodontal retreatment and prosthetic
replacement; and 4) periodontal main-
tenance. The conclusion was based on
average values for patients diagnosed
with mild, moderate, or severe chronic
periodontitis (CP). Regarding tooth
loss, patients did not lose the same
number of teeth. In fact, five of the 100
patients studied accounted for 42% of
the teeth lost, 74% lost no teeth, and
the number of teeth lost increased with
increasing severity of CP,2 which is
consistent with other reports.3-12 Rea-
sons for this effect include: 1) tooth loss
among individual patients varies as
a consequence of progressive bone
loss attributable to untreated CP over
time;13,14 2) bone loss and tooth loss
correlate to CP severity and risk;15,16 3)
severity and risk of CP vary among
patients;12,16-18 and 4) response to
periodontal treatment varies among
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patients.3-12,18 Refining the Fardal model of the
lifetime direct cost of periodontal treatment to ac-
commodate severity and risk as tooth loss pre-
dictors and indicated specific treatment may
produce a model with greater precision and utility
that could be helpful in making treatment decisions
and designing an insurance plan. Accordingly, the
purpose of this study is to describe a model of the
cost of treating a specific level of CP severity and
risk that is associated with the single benefit of
tooth preservation.

MATERIALS AND METHODS

Fundamental to the present model is a categoriza-
tion of CP severity and risk. For the categorization
of CP severity, the present model uses the method
reported by Page and Martin19 that describes the
severity and extent of CP of a dentition on a 1 (i.e.,
healthy) to 100 (i.e., severe periodontitis) score
range. This method, which uses sextant measures
of probing depth (PD), bleeding on probing (BOP),
and bone loss (Table 1), has been demonstrated to be
accurate and valid by statistical analysis using the
strength of agreement of the scores with actual peri-
odontal status of a dentition from values of alveolar
bone height obtained from digitized radiographs. This
method assigns a specific severity of periodontitis
from one of health, gingivitis, mild, moderate, or
severe periodontitis for each sextant and combines
the results of the sextants to establish a severity score
for the dentition. Severity scores from 4 to 10, 11 to
36, and 37 to 100 have been defined by the authors
to be indicative of mild, moderate, and severe CP,
respectively.

For the categorization of CP risk, the present
model uses the method reported by Page et al.15 that

describes the likelihood and severity of periodontal
deterioration and tooth loss over time when peri-
odontal treatment is not provided. The method
reports risk on a 1 (very low risk) to 5 (very high
risk) score range using the factors listed in Table 1.
Accuracy and validity of the risk score has been
demonstrated by statistical analysis of actual bone
loss from digitized radiographs and tooth loss from
clinical records during a study period of 15
years.15,20 For the present study, very low and low
risk (scores 1 and 2) are combined for the category
of low risk, and high and very high risk (scores 4
and 5) are combined for the category of high risk.
The risk score 3 was used for the category of
moderate risk.

The development of the present model required
a means to determine the specific treatment in-
dicated to treat CP and the number of teeth pre-
served. The number of preserved teeth is defined as
the difference of the number of teeth lost when
periodontal treatment is or is not provided. The in-
formation needed for these variables was derived
from published studies of one population that re-
ceived periodontal treatment and a second that re-
ceived only routine dental care.12,16

The population that received periodontal treat-
ment comprised 900 patients. One hundred fourteen
patients were excluded from analysis resulting in
776 patients (sex not reported; aged 19 to 84 years;
mean age: 46.0 years). Nine private practice peri-
odontists each enrolled 100 consecutive patients
presenting for maintenance care.12 Information re-
ported for each patient included severity and risk
scores determined at the maintenance appointment
from information documented at the diagnosis ap-
pointment, and because of this they had no effect on
treatment. Treatment interventions provided after
the diagnosis appointment were reported and in-
cluded: 1) the number of quadrants of scaling and
root planing (SRP); 2) the number of quadrants of
surgery to reduce or eliminate pockets; 3) the
number of periodontal maintenance procedures; 4)
the number of periodontal surgical procedures not
specifically intended to change PD; 5) the number
of sites treated with local chemotherapy; 6) the
number of weeks of systemic chemotherapy; and 7)
the number of non-third molar teeth extracted, re-
gardless of the clinician providing this service and
regardless of the reason for the extraction. The
study was approved as exempt by the Tufts Health
Sciences Campus Institutional Review Board and
granted a waiver of informed consent, and the initial
publication of the study described tooth loss but
not periodontal treatment.12 Although many types
of interventions are used to treat periodontal disease,
the present model uses only SRP and osseous

Table 1.

Factors to Quantify Periodontal Disease
Severity and Risk

Severity19 Risk15

Deepest pocket in each sextant Patient age

BOP for each sextant Periodontal disease severity

Greatest radiographic
bone loss in each sextant

Smoking history

Diabetic status
Periodontal treatment history
Furcation involvements
Vertical bone lesions
Subgingival calculus or

restorations
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surgery, defined as ‘‘surgery to reduce or eliminate
pockets.’’ Patients were excluded if the number of
years between diagnosis and maintenance appoint-
ments was less than three. Table 2 shows the number
of patients, the average tooth loss rate (i.e., number
of teeth lost per year per patient), and the average
number of quadrants for each of SRP and surgery for
each of nine combinations of periodontitis severity
and risk.

The population receiving only routine dental care
was comprised of 523 male participants (aged 28
to 71 years; mean age: 47.3 years) in the Veterans
Affairs Dental Longitudinal Study (VA DLS) and
provided written oral consent.16 These individuals
were not patients of the Veterans Affairs health care
system but received their dental and medical care
from private health care providers. The vast majority
of these individuals regularly saw their private den-
tists, received routine preventive and diagnostic
services, and received various restorative and
prosthetic services. As part of the VA DLS, they re-
ceived triennial comprehensive oral exams, full-
mouth radiographs, and prophylaxis. Each participant
received written information and recommendations
regarding needed care with a copy of the recom-
mendations and radiographs mailed to their dentist.
At each examination during the 15-year study
period, each participant was also asked to respond
yes or no to the question ‘‘have you had any gum
treatments or gum surgery since your last exami-
nation?’’. Only 8% reported receiving periodontal
treatment beyond routine prophylaxis during the
study period. Severity and risk scores plus

the number of teeth lost were determined from the
clinical records. Participants who reported receiving
periodontal treatment were excluded from the
model. Table 2 shows the number of patients and
the average tooth loss rate for each of nine com-
binations of periodontitis severity and risk. Addi-
tional information on this population was published
previously.15,16,20,21

Figure 1 illustrates the precision of the methods
to categorize CP severity and risk and the severity
and risk distribution of the two populations.

The present model requires information on fees
for periodontal and prosthetic treatment. For peri-
odontal treatment, the weighted national 80th
percentile fees of general dentists and periodontists
for SRP (D4341) and osseous surgery (D4260)
published in the American Dental Association 2011
Survey of Dental Fees22 (Table 3) were used. Be-
fore selecting fees at the 80th percentile, little rel-
ative difference was found among fees at the 75th,
80th, 85th, 90th, and 95th percentiles, which im-
plied that the results would be nearly identical re-
gardless of which percentile was used.

The cost for periodontal treatment for each
combination of periodontitis severity and risk was
calculated by multiplying the number of quadrants
of SRP from Table 2 by its fee in Table 3 plus the
number of quadrants of osseous surgery from Table
2 and its fee in Table 3.

The number of teeth preserved by periodontal
treatment was determined by subtracting the mean
number of teeth lost for the periodontal treatment
population from the mean number of teeth lost for

Table 2.

Population Characteristics

Routine Dental Care16 Periodontal Treatment12

Risk Severity n Tooth Loss Rate* n Tooth Loss Rate* SRP† Surgery†

High Severe 91 0.355 548 0.139 3.32 2.80

High Moderate 107 0.166 162 0.030 3.21 2.42

High Mild 6 0.156 0 No data No data No data

Moderate Severe 0 No data 0 No data No data No data

Moderate Moderate 112 0.153 54 0.028 2.91 2.13

Moderate Mild 66 0.067 7 0.013 2.29 2.57

Low Severe 0 No data 0 No data No data No data

Low Moderate 49 0.039 0 No data No data No data

Low Mild 48 0.039 5 0.000 2.40 3.40

* Average tooth loss rate (i.e., the number of teeth lost per year per individual).
† Average number of quadrants.
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routine dental care population at year
13 for each combination of peri-
odontitis severity and risk (Fig. 2).

The cost of periodontal treat-
ment associated with the benefit of
preserving one tooth was calcu-
lated by dividing the cost of peri-
odontal treatment by the number of
teeth preserved for each combi-
nation of periodontitis severity and
risk (Fig. 3A, bars).

Last, the cost to replace one
tooth was determined by means of
a three-unit fixed bridge (one
pontic plus two retainer crowns)
and single-tooth replacement (one
implant plus one abutment plus
one crown). Fees for the three-unit
fixed bridge (D6240, D6750) and
single-tooth replacement (D6010,
D6057, D6066) were the weighted
national 80th percentile fees of
general dentists and periodontists
published in the American Dental
Association 2011 Survey of Dental
Fees22 (Fig. 3, horizontal lines).

RESULTS

Figure 2 shows that tooth loss for
the two study populations diverge
over time for each combination of
periodontitis severity and risk. It
also shows at year 13 the net dif-
ference of tooth loss per patient
between the two populations
ranged from 0.51 to 2.81.

The cost of periodontal treatment
using general dentist fees ranged
from (US) $3,097 to $4,380.
When this cost is adjusted for the
number of teeth preserved at year
13, the range was $1,405 to
$8,639 (Fig. 3A). For treatment
using periodontist fees, the cost of
periodontal treatment ranged from
$4,184 to $5,916. When this cost is

Figure 1.
The graphs illustrate the variation of CP severity
and risk in a population in addition to the unique
distribution for a specific population. Bar heights in
each graph illustrate variation within a population.
Respective bar heights of each population illustrate
the unique distribution of severity (or risk) for the
(specific) population. (The sequence of bars from
left to right consistently corresponds to the same
severity [or risk].)
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adjusted for the number of teeth preserved at year
13, the range was $1,898 to $11,669. The cost to
replace one tooth was determined to be $3,416 for
a three-unit fixed bridge and $4,551 or $4,787 for
a single-tooth replacement based on an implant fee
(D6010) for a general dentist or periodontist, re-
spectively. Figure 3A shows that the cost of peri-
odontal treatment to preserve one tooth is less than
the cost of a single-tooth replacement or a three-unit
fixed bridge for a patient with severe CP plus high
risk, moderate CP plus high risk, and moderate CP
plus moderate risk. However, for a patient with mild
CP plus moderate risk, the cost of periodontal
treatment using general dentist fees to preserve one
tooth is nearly the same as the cost of a single-tooth
replacement but greater than the cost of a three-unit
fixed bridge. For a patient with mild periodontitis plus
low risk, the cost of periodontal treatment to preserve
one tooth is much greater than the cost of a single-
tooth replacement and a three-unit fixed bridge.

DISCUSSION

The economic model described by Fardal et al1 was
modified for this study to describe the cost of
periodontal treatment associated with the benefit of
tooth preservation. The present model, as was
done by Fardal et al., limits the number of variable
factors to produce a simple model that could be
clearly explained. The present model produced
results consistent with those of Fardal et al. while
adding variables for CP severity and risk that in-
crease its precision and establish a basis for more
complex models that may have even greater pre-
cision and utility. The factors of the present model
are nearly identical to those used by Fardal et al;
key differences in the present model include the
timeframe, teeth lost before periodontal mainte-

nance, and categorizing patients by CP severity and
risk.

The present model used a 13-year timeframe
because of the study periods of the datasets. The
dataset for the routine dental care group15,16 had
a 15-year study period, which could be adjusted to
13 years because tooth loss was linear over time.20

The dataset for the periodontal treatment group
had a mean study period of 13 years.12 To com-
prehensively describe the benefit of tooth preser-
vation, the present model counted all teeth lost
from the inception of periodontal treatment. The
present model categorized patients by CP severity
and risk because they have been shown to be
important factors for tooth loss.12,16

According to the present model, periodontal
treatment is beneficial in a context of tooth pres-
ervation except when severity is mild and risk is low
because the cost of periodontal treatment is greater
than that to replace teeth lost because there was no
periodontal treatment. However, neither study
population included individuals to compare with
severe CP plus moderate or low risk, moderate CP
plus low risk, or mild CP plus high risk. Also, two
severity and risk combinations included a small
number of individuals (mild CP plus low or mod-
erate risk). Much larger populations are required to
assess the cost of treating CP associated with tooth
preservation for the full range of severity and risk.

A reason why the cost adjusted for tooth pres-
ervation is so high for mild CP plus low risk is
dividing the cost by 0.51 for teeth preserved is
equivalent to multiplying the cost by two. In con-
trast, the cost adjusted for tooth preservation for
severe CP plus high risk and moderate CP plus
moderate or high risk is equivalent to multiplying
the cost by one half.

Table 3.

Weighted National 80th Percentile Fees22

Procedure Code* General Dentists Periodontists

SRP D4341 $251 $340

Osseous surgery D4260 $1,111 $1,500

Implant D6010 $2,014 $2,250

Abutment for implant D6057 $962 Not applicable

Crown for implant D6066 $1,575 Not applicable

Pontic of bridge D6240 $1,120 Not applicable

Crown retainer of bridge D6750 $1,148 Not applicable

* The codes are established by the American Dental Association. They are recognized as the national terminology for reporting dental services in the United
States. The codes D4341 and D4260 are for a quadrant.
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Figure 2.
Cumulative tooth loss for years 1 to 13 derived from annual average tooth loss for four categories of periodontitis severity plus risk. The net difference of
tooth loss for routine dental care minus periodontal treatment is displayed in the orange boxes. Tooth loss was linear for patients of the routine dental
care group and is presumed to be linear for patients of the periodontal treatment group. For groups 3 and 4 of the periodontal treatment population, the
average annual tooth loss, 0.03, of group 2 was arbitrarily used instead of the actual value of 0.02 or 0.00 because each value was based on very few
patients.
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The specific treatment plan is another reason
why the cost for tooth preservation is so high for
mild CP plus low risk. For example, 3.40 quadrants
of surgery were more than was applied for patients
with severe CP. Although this may be an aberration
of treatment typically applied, there were only five
patients involved. Furthermore, the wellness or
medical model of care suggests that a low-risk
patient may not need surgery.23,24 Substituting
4.00 for 2.40 quadrants of SRP and 0.00 for 3.40
quadrants of surgery results in a cost adjusted to
preserve one tooth of $1,980 or $2,682, re-
spectively, for a general dentist or periodontist.
Accordingly, it is suggested that future research is
needed to determine what periodontal treatment
would be cost beneficial in a context of tooth
preservation for each combination of severity and
risk.

For mild CP, the tooth loss
rate was less for periodontal
treatment (e.g., 0.000 and
0.013) compared with routine
dental care (e.g., 0.067 and
0.039). Hence, periodontal
treatment when severity is
mild may be preferred, al-
though in the present study, it
is not cost effective. Further-
more, this may suggest that
initiating periodontal treat-
ment when severity is mild
can nearly eliminate tooth
loss.

Because tooth loss for the
routine dental care population
diverged from the periodontal
treatment population, the
benefit of tooth preservation
relative to treatment cost in-
creases for time periods >13
years. This is consistent with
the divergence of tooth loss
over time shown in Figure 2.
The yearly cost and benefit of
tooth preservation for annual
time periods was not calcu-
lated since data for this cal-
culation was not included in
the periodontal treatment da-
taset.12 Future research that
documents annual cost and
tooth loss would enable de-
velopment of a model that
calculates tooth-years lost and
incremental cost-effectiveness
ratios.

Because general dentists and periodontists can
provide periodontal treatment, their respective fees
are included and, for the purpose of this study, it is
presumed that the results attained by a general
dentist would be equivalent to those attained by
a periodontist.

Fees at the 80th percentile are used in the present
study as a means to illustrate the results of the
model. However, the effect of using fees for the
75th, 80th, 85th, 90th, and 95th percentiles was
examined, and the results obtained were essentially
the same as shown in Figure 3 because the relative
difference among treatment fees at each percentile
was nearly identical.

Limiting the scope of periodontal treatment
interventions to SRP and osseous surgery may un-
derestimate the full cost of periodontal treatment.
Furthermore, the number of interventions used to

Figure 3.
The cost of periodontal treatment associated with the benefit of preserving one tooth for each
combination of CP severity and risk using general dentist and periodontist fees. The value for each
column was determined by dividing the cost of periodontal treatment by the number of teeth preserved
for the appropriate CP severity and risk combination and fees of either a general dentist or periodontist.
The horizontal red line is the cost to replace one tooth using a single-tooth replacement (one implant
plus one implant abutment plus one crown). This cost is based on a periodontist’s fee for an implant
(D6010) and a general dentist’s fee for an abutment (D6057) and crown (D6066). The horizontal orange
line is the cost to replace one tooth using a three-unit fixed bridge (one pontic and two abutment crowns).
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establish indicated treatment has not been sub-
stantiated by other studies, which means that the
cost for periodontal treatment may be more or less
than calculated by the model. An additional limita-
tion of the model is not including costs for variables,
such as repair or replacement of a prosthetic ap-
pliance, endodontic treatment associated with peri-
odontal or prosthetic treatment, the percentage of
teeth replaced, and tooth replacement with methods
other than a three-unit bridge and single-tooth re-
placement.

An important limitation of this study is the all-
male and predominantly non-Hispanic white com-
position of the VA DLS cohort, which may limit the
ability to generalize these findings to females and
more diverse populations. Another limitation is that
VA DLS participants were self-selected volunteers in
a long-term study of aging and health. That made
them likely to be more health conscious and to
practice better overall self-care, including oral self-
care, than their peers. Thus, it is possible that, all
else being equal, their likelihood of periodontal
disease progression and tooth loss may be lower
than in other community-dwelling adults. That is,
a typical community cohort group with untreated
periodontal disease may have worse outcomes than
the untreated VA DLS participants. Hence, the
present analysis may, at worst, be underestimating
the true costs of leaving periodontal disease un-
treated.

The disparate time periods over which the data
were collected for the two comparison groups and
the groups’ sex differences may also be considered
limitations. The periodontal treatment group used
data from both males and females treated from
1971 to 2003, whereas the untreated group used
data from males followed over a 15-year period that
ranged from 1968 to 1988.

The reliance of the present study on self-reported
data on periodontal treatment in the VA DLS merits
some discussion. Cognitive testing of similar self-
report items indicates that such questions are
conceptually well understood by respondents.25

However, their accuracy remains limited. The validity
of self-reports in the VA DLS cohort were previously
investigated.24 When using alveolar bone loss as the
gold-standard measure for periodontal disease, it
was found that self-reports of periodontal status and
of previous periodontal treatment generally had high
specificity but lower sensitivity.26 Thus, it is likely
that the 8% treatment prevalence in the VA DLS is an
accurate lower bound estimate, but it is possible that
many others did receive periodontal treatment but
failed to recall it accurately. If so, that direction of
misclassification, to the extent that it may exist,
would bias the present results toward the null.

Despite the shortcomings of the present study, it
is believed that incorporating severity and risk to
the Fardal et al.1 model is an important step for-
ward in evaluating cost effectiveness and cost
benefits of periodontal treatment in heterogeneous
populations in terms of CP severity and risk. For
example, the comparison of Figure 3A with 3B il-
lustrates that combining severity and risk is more
precise than severity or risk alone and Figure 1
illustrates the magnitude of severity and risk cate-
gories that could provide even greater precision.
Additional variables that could be included in future
economic models of periodontal disease and its
treatment include effects of importance to the pa-
tient, such as halitosis, tooth mobility, sensitivity,
and esthetics and effects related to cardiovascular
disease, diabetes, and pregnancy.

CONCLUSIONS

Periodontal treatment could be justified on the sole
basis of tooth preservation when CP risk is mod-
erate or high regardless of disease severity. How-
ever, periodontal treatment when CP severity is mild
may be preferred, although it might not be cost
effective.
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