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Many reports have discussed risk fac-

tors for the progression of periodontal

disease. Age, gender, socioeconomic

status, education, ethnicity, smoking,

stress, obesity, diabetes, osteoporosis,

specific bacteria in subgingival plaque,

genetic factors (interleukin-1 geno-

type), crowding and bruxism have been

identified as risk factors for periodontal

disease progression (1–3).

The maintenance phase of peri-

odontal therapy is necessary to keep

periodontal tissue stable after initial

preparation therapy, periodontal sur-

gical therapy or therapy for recovering

oral function. However, it is possible

that the risk of periodontal disease

progression and the risk of recurrence

of periodontal disease increase during

the maintenance phase of periodontal

therapy (4–6). Therefore, it is impor-
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Background and Objective: Few studies have longitudinally investigated the

relationship between periodontal disease progression and occlusal factors in

individual subjects during the maintenance phase of periodontal therapy. The aim

of this cohort study was to investigate the relationship between biting ability and

the progression of periodontal disease in the maintenance phase.

Material and Methods: A total of 194 patients were monitored for 3 years during

the maintenance phase of periodontal therapy. The subjects with disease

progression (Progress group) were defined based on the presence of ‡ 2 teeth

demonstrating a longitudinal loss of proximal attachment of ‡ 3 mm or tooth-loss

experience as a result of periodontal disease during the study period. The subjects

with high occlusal force were diagnosed as men who showed an occlusal force of

more than 500 N and women who showed an occlusal force of more than 370 N.

The association between biting ability and the progression of periodontitis was

investigated using logistic regression analysis.

Results: There were 83 subjects in the Progress group and 111 subjects in the

Non-progress group. A backward, stepwise logistic regression model showed that

the progression of periodontal disease was significantly associated with the presence

of one or more teeth with a high clinical attachment level (CAL) of ‡ 7 mm (odds

ratio: 2.397; 95% confidence interval: 1.306–4.399) ( p = 0.005) and low occlusal

force (odds ratio: 2.352; 95% confidence interval: 1.273–4.346) ( p = 0.006).

Conclusion: The presence of one or more teeth with a high CAL of ‡ 7 mm and

low occlusal force might be possible risk factors for periodontal progression in the

maintenance phase of periodontal therapy.
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tant to determine the risk factors for

the progression of periodontal disease,

even in the maintenance phase of

periodontal therapy.

Several studies have reported on risk

factors for disease progression in the

maintenance phase of periodontal

therapy. Pretzl et al. (7) identified

tooth-related factors, such as baseline

bone loss, furcation involvement and

use as an abutment tooth, to be risk

factors. According to Matuliene et al.

(8), a residual probing pocket depth of

‡ 6 mmafter active periodontal therapy

represented a risk factor for both the

progression of periodontitis and tooth

loss during the maintenance phase of

periodontal therapy at the patient,

tooth and site levels. They also men-

tioned that multiple sites (nine or more)

with residual probing pocket depths of

‡ 5 mm represented a risk for further

progression of periodontitis in patients.

Kamma et al. (9) proposed that factors

related to periodontal disease progres-

sion included high bacterial counts of

Porphyromonas gingivalis, Treponema

denticola and total bacterial load,

number of acute episodes, number of

teeth lost, smoking and stress.

Occlusion is also considered to relate

to periodontal disease. For example,

Burgett et al. (10) reported a signifi-

cantly greater gain of clinical peri-

odontal attachment in patients who

received an occlusal adjustment com-

pared with those who did not. Nunn

et al. (11) found a strong association

between initial occlusal trauma and

various clinical parameters indicative of

periodontal disease. Teeth with un-

treated occlusal trauma showed a sig-

nificantly greater increase in probing

depth per year than either teeth without

initial occlusal trauma or teeth with

treated initial occlusal trauma (12). By

contrast, patients with occlusal trauma

did not have more severe periodontal

destruction than patients without

occlusal trauma (13,14). Therefore, the

relationship between the progression of

periodontal destruction and occlusion

has been controversial. In addition,

most of these studies have focused on

tooth-level, not individual-level, trau-

matic occlusion.

In a previous cross-sectional study

(15) we found that periodontal

destruction was significantly associated

with low individual-level biting ability.

Therefore, it was hypothesized that

individual-level biting ability (occlusal

force, occlusal pressure, or occlusal

contact area) can be used as a risk factor

for the progression of periodontal dis-

ease in the maintenance phase. Few

previous studies have longitudinally

investigated the relationship between

periodontal disease progression and

occlusal factor in individual subjects.

The aim of this cohort study was to

investigate any relationship between

biting ability and the progression of

periodontal disease in the maintenance

phase.

Material and methods

Study population

This cohort study was performed from

April 2006 to March 2009. The study

protocol was approved by the Ethics

Committee of the Okayama University

Graduate School of Medicine, Den-

tistry and Pharmaceutical Sciences.

Written informed consent was obtained

from all subjects who agreed to partici-

pate. At baseline, 223 subjects (65 men

and 158 women, 63.8 ± 10.2 years of

age) who had received periodontal

maintenance care at the Clinic of

Preventive Dentistry of Okayama

University Hospital, were selected for

the study.

The subjects in the periodontal

maintenance phase were identified

as those who had been diagnosed with

chronic periodontitis; those who

had been receiving comprehensive

dental care, including nonsurgical

periodontal therapy consisting of oral

hygiene instructions, supra/subgingival

debridement, and scaling and root

planing of all pockets (‡ 4 mm); those

who had< 20% sites showing bleeding

on probing (BOP); and those who had

shown no features of acute periodontal

inflammation or gingival abscess within

the previous 6 mo (15).

Smokers, diabetic patients and pa-

tients with systemic diseases requiring

antibiotic therapy were excluded from

the analysis. Subjects were also ex-

cluded if they had no occlusal contacts

between maxillary and mandibular

teeth, and if they had temporoman-

dibular dysfunction (15).

Clinical examination

Three dentists who were familiar with

the clinical examination procedure and

produced closely correlated results

examined the whole teeth present. The

clinical measurements included prob-

ing pocket depth, clinical attachment

level (CAL), BOP, tooth mobility and

the presence of a prosthesis. Probing

pocket depth and CAL, rounded to the

nearest 1 mm, were measured at six

sites in each tooth (mesio-buccal, mid-

buccal, disto-buccal, mesio-lingual,

mid-lingual and disto-lingual) using a

colour-coded probe (CP-8; Hu-Friedy,

Chicago, IL, USA). The CAL was

determined as the distance from the

cemento–enamel junction to the bot-

tom of the periodontal pocket. BOP

was defined as the presence of bleeding

after gentle probing with 25 g of

probing force.

Measurement of biting ability

Biting ability, including occlusal force,

occlusal contact area and occlusal

pressure, was measured using a pres-

sure-sensitive sheet (Dental Prescale,

Type-R 50H; Fuji Film, Tokyo, Japan)

and analyzed using an image scanner

(Occluzer, FPD-707; Fuji Film). The

pressure-sensitive sheet consisted of

two paper sheets and numerous

microcapsules containing a colour-

forming material between them (16).

The microcapsules are broken to react

with a colour-developing material when

the sheet is bitten on. According to the

magnitude of the pressure applied, dif-

ferent densities of colour are formed.

The occlusal force and the occlusal

contact area were calculated after

scanning the sheet using an image

scanner (Occluzer), taking into consid-

eration the area and different densities

of colour. The occlusal force (N) was

determined as the sum of the degree of

coloration and the area at each contact

point. The area discoloured by biting

was recorded as the occlusal contact

area (mm2). The occlusal pressure (N/

mm2) is the occlusal force per 1 mm2 of

the occlusal contact area (17).
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The subjects were seated with their

heads upright and in an unsupported

natural head position. After several

trial attempts to maintain an intercu-

spal bite, the sheet was placed in the

patient�s mouth so that the midline of

the arch coincided with the midline of

the sheet. Care was taken to include

all of the teeth present. The buccal

mucosa was retracted so as not to

deform the sheet. Each patient was

instructed to bite as forcefully as pos-

sible for about 3 s. Subjects who were

wearing removable partial dentures

were asked to remove their denture

before their biting ability was mea-

sured (15).

Statistical analysis

The subjects diagnosed as those with

disease progression (Progress group)

were defined based on the presence of

‡ 2 teeth demonstrating a longitudinal

loss of proximal attachment of ‡ 3 mm

during the 3-year study period (18).

The subjects who had undergone at

least one tooth extraction as a result of

periodontal disease (19) were also in-

cluded in the Progress group. The

other subjects were categorized into the

Non-progress group. The subjects with

high occlusal force were diagnosed as

men who showed an occlusal force of

more than 500 N and women who

showed an occlusal force of more than

370 N, according to a study by Kono

(20).

A Mann–Whitney U-test and a chi-

square test were used to assess signifi-

cant differences (p < 0.05) of clinical

variables between the Progress group

and the Non-progress group. A back-

ward, stepwise logistic regression

analysis was performed to determine

the optimal model for the prediction of

periodontal disease progression using

the following dependent variables: the

presence of one or more teeth with

probing pocket depth of ‡ 6 mm (8);

the presence of one or more teeth with

CAL of ‡ 7 mm (21); the percentage of

mobile teeth; and biting ability. The

odds ratio (OR) and 95% confidence

interval (CI) were calculated. The lo-

gistic regression models were reviewed

for goodness of fit and validated by

means of the Hosmer–Lemeshow sta-

tistic (22,23). All analyses were per-

formed using a software program (SPSS

15.0 J for Windows; SPSS Japan, To-

kyo, Japan). The level of significance

was set at p < 0.05.

Results

During the study period, eight subjects

had one or more teeth extracted

because of periodontal disease and 75

subjects had two or more teeth dem-

onstrating a longitudinal loss of prox-

imal attachment of ‡ 3 mm. Finally,

data from 194 subjects (51 men and

143 women; 63.7 ± 10.0 years of age)

were available. There were 83 subjects

in the Progress group and 111 in the

Non-progress group. The age and

gender distribution of the subjects are

shown in Table 1.

The mean probing pocket depth and

mean CAL in the Non-progress group

were 1.8 ± 0.4 mm and 2.4 ± 0.7 mm,

respectively. The mean probing pocket

depth and mean CAL in the Progress

group were 1.9 ± 0.5 mm and 2.9 ±

0.8 mm, respectively. Table 2 shows

the basic characteristics at baseline of

the Progress group and the Non-pro-

gress group. The means and standard

deviations of occlusal force, occlusal

contact area and occlusal pressure in

the Non-progress group were 564.0 ±

321.3 N, 16.5 ± 9.3 mm2 and 34.8 ±

7.6 N/mm2, respectively. The mean

occlusal force, occlusal contact area

and occlusal pressure in the Progress

Table 1. Age and gender distribution of the subjects in the Progress and Non-progress group

Age group

(years)

Non-progress group (n = 111) Progress group (n = 83)

Male Female Subtotal Male Female Subtotal

£ 49 2 10 12 1 0 1

50–59 6 22 28 8 18 26

60–69 12 34 46 7 18 25

70–79 7 13 20 5 21 26

80–89 1 4 5 2 3 5

Total 28 83 111 23 60 83

Mean ± SD 62.2 ± 10.5 65.7 ± 9.0

SD, standard deviation.

Table 2. Clinical parameters and biting ability at baseline (mean ± standard deviation)

Non-progress

group

n = 111

Progress

group

n = 83

Total

n = 194

Number of teeth present 25.0 ± 4.2 23.6 ± 4.4� 24.4 ± 4.3

Percentage of teeth with restorationsa 63.6 ± 32.0 63.6 ± 30.6 63.6 ± 31.3

Percentage of removable denture uses 17.1 19.3 18.0

Percentage of subjects with at least

one tooth [highest PPD (‡ 6 mm)]

34.2 55.4� 43.3

Percentage of subjects with at least

one tooth [highest CAL (‡ 7 mm)]

36.0 61.4� 46.9

Percentage of sites with BOP 6.4 ± 5.7 7.3 ± 5.1 6.8 ± 5.4

Percentage of mobile teeth 8.2 ± 14.5 13.9 ± 18.1� 10.6 ± 16.3

Occlusal force (N) 564.0 ± 321.3 412.7 ± 275.3� 499.3 ± 310.9

Percentage of subjects with low

occlusal force (N)

29.7 54.2� 40.2

Occlusal contact area (mm2) 16.5 ± 9.3 12.0 ± 8.2� 14.6 ± 9.1

Occlusal pressure (N/mm2) 34.8 ± 7.6 35.8 ± 8.7 35.2 ± 8.1

BOP, bleeding on probing; CAL, clinical attachment level; PPD, probing pocket depth.
aRestorations on the occlusal surfaces of premolars and molars.
�p < 0.05, significantly different from the Non-progress group as determined using the chi-

square test.
�p < 0.05, significantly different from the Non-progression group as determined by the

Mann–Whitney U-test.
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group were 412.7 ± 275.3 N, 12.0 ±

8.2 mm2 and 35.8 ± 8.7 N/mm2,

respectively. The mean values of

occlusal force and occlusal contact area

in the Progress group were significantly

lower than those in the Non-progress

group. The proportion of subjects with

low occlusal force (54.2%) in the

Progress group was significantly higher

than the proportion of subjects with

low occlusal force (29.7%) in the

Non-progress group (p = 0.001). The

proportion of subjects with one or

more teeth with a high probing

pocket depth (of ‡ 6 mm) and the

proportion of subjects with one or

more teeth with a high CAL (of

‡ 7 mm) was also significantly higher

in the Progress group than in the Non-

progress group (p = 0.004, p = 0.001,

respectively).

A backward, stepwise logistic

regression model showed that the pro-

gression of periodontal disease was sig-

nificantly associated with the presence

of one ormore teeth with a highCAL of

‡ 7 mm (OR: 2.397; 95% CI: 1.306–

4.399) (p = 0.005) and a low occlusal

force (OR: 2.352; 95% CI: 1.273–4.346)

(p = 0.006). (Table 3).

Discussion

As few studies (12) have longitudinally

investigated the relationship between

periodontal disease progression and

the initial occlusal factor, we per-

formed this 3-year cohort study

focusing on biting ability. We found

that the group with a high occlusal

force had a better prognosis of peri-

odontitis than the group with a low

occlusal force. The result also con-

firmed the findings of our previous

cross-sectional study, in which peri-

odontal destruction was significantly

associated with decreased biting ability

of individual subjects (15). It is possible

that the occlusal force can be used to

determine the prognosis of periodontal

disease during maintenance care.

The relationship between occlusion

and periodontal health has been

reported in animals (24–27) and in

humans (11,12,14). As previously

mentioned, most of these studies were

concerned with the effect of tooth-level

traumatic occlusion, not the occlusal

factor in individual subjects. To

understand the relationship between

occlusion and periodontal health, the

occlusal factor in individual subjects

could be considered in addition to

smoking, gender or diabetes.

Previous in vitro studies support our

results. The reaction to mechanical

force is an essential biological reaction

(28). The periodontal ligament (PDL) is

a highly specialized connective tissue

that lies between the cementum and

the alveolar bone, maintaining their

homeostasis while being subjected

continuously to the mechanical stress

caused by occlusion and mastication

(29,30). When a tooth has lost occlu-

sion, atrophy of periodontal tissue

from disuse occurs, and alveolar bone

starts to resorb (31,32). In other words,

PDL cells respond to a moderate

cyclical occlusal load, and suppression

of osteoclastic bone resorption occurs

in alveolar bone (33). Based on differ-

ent responses of PDL cells to tensional

stress, mechanical stress plays an

important role in the remodeling and

functional regulation of the PDL (34).

The cyclic force that activates PDL

cell function is dose-dependent (35–

37). Previous studies (29,33–37) were

mostly in the field of orthodontics. The

mechanical force examined in these

studies was a tension force, not occlu-

sal load. The effects of tension force

and occlusal load on periodontal tissue

might be different. However, a prac-

tical mechanical stress, such as occlusal

force (and not tension force) might be

required for PDL cell function.

Makino et al. (38) examined whe-

ther initial periodontal treatment yiel-

ded functional improvement of the

occlusal force and periodontal pocket.

They reported that occlusal force sig-

nificantly increased after periodontal

treatment. They mentioned that an in-

crease in the occlusal force might have

been induced because of improvements

in the periodontium by restoration of

the PDL fibers and because the number

of inflammatory cells had decreased in

the PDL. An increase in occlusal force

following initial therapy can contribute

to a good prognosis of periodontal

disease in maintenance therapy.

According to a study by Okiyama

et al. (39), a large maximal occlusal

force was associated with a high mas-

ticatory performance, especially with

harder foods. Kono (20) reported that

after adjustment for age and the num-

ber of residual teeth, occlusal force had

a positive partial correlation with

handgrip strength in men, and positive

partial correlations with usual walking

speed and body muscle mass in wo-

men. Maintenance of a high occlusal

force in the maintenance phase of

periodontal therapy could therefore

improve the quality of life.

In the present study, the risk of

periodontitis progression was increased

in subjects having one or more teeth

with a high CAL of ‡ 7 mm at base-

line. Ogawa et al. (40) reported that

smoking and a high CAL of ‡ 6 may

be considered as risk factors for further

periodontal disease progression among

healthy elderly people of ‡ 70 years of

age. Hirotomi et al. (21) reported that

teeth severely affected by periodontitis

(a CAL of ‡ 7 mm) at baseline are risk

factors associated with periodontal

disease progression. Therefore, the re-

sults of this study agree with those of

previous reports.

We defined periodontal progression

as the presence of at least two teeth

demonstrating a longitudinal loss of

Table 3. Backward stepwise logistic regression analysis for the progression of periodontal

disease

Independent variables Adjusted OR 95% CI p-value

Occlusal force (N)

> 500 for men/> 370 for women 1.000 0.006

£ 500 for men/ £ 370 for women 2.352 1.273–4.346

Percentage of subjects with at least one tooth (highest CAL ‡ 7 mm)

Highest CAL < 7 mm 1.000 0.005

Highest CAL ‡ 7 mm 2.397 1.306–4.399

CAL, clinical attachment level; CI, confidence interval; OR, odds ratio.
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proximal attachment of ‡ 3 mm, or

tooth loss because of periodontal dis-

ease, during the 3-year study. During

the study period, 42.8% of the subjects

were assigned to the Progress group.

Matuliene et al. (8) used the same

definition and reported a similar prev-

alence of progression of periodontitis

in the subjects in their study: 43.3% of

subjects of 14–69 years of age were

classified as having progressive peri-

odontitis. Therefore, the subject pop-

ulation monitored in the present study

was not a special subgroup. Fardal

et al. (19) used the definition of peri-

odontal progression as tooth loss.

In their study, 21.6% of nonsmoker

subjects were classified as having pro-

gressive periodontitis. In our study,

eight patients (4.1%) lost at least one

tooth for periodontal reasons. Fardal

et al. monitored patients for 10 years,

whereas the follow-up period in our

study was 3 years. Therefore, the re-

sults cannot be easily compared.

In this study, we used Dental

Prescale� to measureme occlusal force.

Another method used to measure

occlusal force is a strain-gauge force

transducer, which can measure a single

pair of opposing upper and lower teeth

(41). However, it is not easy to mea-

sure the occlusal force of all pairs of

teeth. In addition, this device is thick

and does not measure the occlusal

force in the centric occlusion. Because

the thickness of the pressure-sensitive

sheet used in this study was

98 ± 5 lm, we were able to measure

the full-mouth occlusal force in the

position that is extremely close to

centric occlusion.

There have been some previous re-

ports on periodontal risk factors in

supportive periodontal therapy (7–9),

such as smoking, stress, alveolar bone

loss, furcation involvement, use as an

abutment tooth and high bacterial

counts of P. gingivalis and T. dentico-

la. We included only nonsmokers;

however, we did not record stress,

furcation involvement and specific

bacteria in subgingival plaque. It is

possible that these factors also affect

the progression of periodontal disease.

A further comprehensive study is

required to determine the effect of each

risk factor.

There are other limitations of this

study. A previous report used radio-

graphic alveolar bone loss to define the

progression of periodontal disease (42).

In our study, full-mouth radiographs at

baseline were not available in some

patients. Thus, we could not use bone

loss as the definition for disease pro-

gression. However, it might be reason-

able to compare the results between

subjects who received tooth extraction

because of periodontal disease and

those who did not. However, because

the number of subjects who received

tooth extraction because of periodontal

disease was too small (n = 8), we con-

sidered that the comparison would not

be appropriate.

In conclusion, the presence of one or

more teeth with a high CAL of

‡ 7 mm and a low occlusal force

(men, £ 500 N; women, £ 370 N)

might be possible risk factors for peri-

odontal progression during the main-

tenance phase of periodontal therapy.
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