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Abstract. This paper describes the initiation, rate of progress of periodontal
disease and consequent tooth loss in a population never exposed to any pro-
grams or incidents relative to prevention and treatment of dental diseases. The
group consisted of 480 male laborers at two tea plantations in Sri Lanka. The
study design and baseline data have been published. At the initial examination
in 1970, the age of the participants ranged between 14 and 31 years. Subsequent
examinations occurred in 1971, 1973, 1977, 1982 and 1985. Thus, the study covers
the age range 14-46 years. Throughout the study, the clinical indices were
scored by the same two examiners, both well-trained and experienced periodonti-
tis. Intra-examiner reproducibility for each index was tested at baseline and
repeated periodically during the study. The data for each examination were
computerized and updated on an ongoing basis. At the last examination in
1985, there were 161 individuals who had participated in the first survey.
This population did not perform any conventional oral hygiene measures and
consequently displayed quite uniformly large aggregates of plaque, calculus and
stain on their teeth. Virtually all gingival units exhibited inflammation. Based on
interproximal loss of attachment and tooth mortality rates, three subpopulations
•were identified: (1) individuals (~8%) with rapid progression of periodontal
disease (RP), those (~81%) with moderate progression (MP), and a group (~
11 %) who exhibited no progression (NP) of periodontal disease beyond gingivitis.
At 35 years of age, the mean loss of attachment in the RP group was ~9 mm,
the MP group had ~4 mm and the NP group had less than 1 mm loss of
attachment. At the age of 45 years, the mean loss of attachment in the RP group
was ~13 mm and the MP group ~7 mm. The annual rate of destruction in the
RP group varied between 0.1 and 1.0 mm, in the MP group between 0.05 and
0.5 mm, and in the NP group between 0.05 and 0.09 mm. Since this population
was virtually caries free, essentially all missing teeth were lost due to periodontal
disease. In the RP group, tooth loss already occurred at 20 years of age and
increased throughout the next 25 years. At 35 years of age, 12 teeth had been
lost, at 40 years of age 20 teeth were missing and at 45 all teeth were lost. In the
MP groups, tooth mortality started after 30 years of age and increased throughout
the decade. At 45 years of age, the mean loss of teeth in this group was 7 teeth.
The NP group essentially showed no tooth loss. Key words: Natural history - periodontal dis-

ease - loss of attachment - tooth loss.

Almost all of our knowledge of peri-
odontal morbidity and tooth mortality
of the human dentition stems from
cross-sectional studies of populations of
different age and in various geographic
areas. Longitudinal investigations in
which the total sequence from initial
development, progression of the disease
into deeper parts of the periodontium
and resultant tooth loss is assessed as

a function of time, are virtually non-
existent.

The material presented here is de-
rived from an investigation of the natu-
ral history of periodontal disease in a
population never exposed to any pro-
grams or incidents relative to prevention
and treatment of dental diseases. This
paper describes the initiation, rate of
progress of periodontal disease and

consequent tooth loss between 14 and
46 years of age.

Material and iMethods

The longitudinal group was established
in Sri Lanka in 1970 (Loe et al. 1978a)
and consisted of 480 male tea laborers
between 14 and 30 years of age who
worked at the Dunsinane and Harrow
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Fig. J. Age cohorts at base line and subsequent reexamination in Sri Lanka,
Altcrskohonen bei der Ausgangsunlersuchung und den dann folgenden Nachuntersuchungen in
Sri Lanka.
Groupes d'age hrs de iexamen initial et des examens subsequents a Sri Lanka.

Tea Estates (Fig. 1). These two plan-
tations are situated in the central high-
land approximately 50 miles from Kan-
dy and their population totals approxi-
mately 5,000. The participants were all
Tamils and descendents of groups who
two to three generations ago emigrated
from Southern India. For further de-
tails on the design of the study and the
baseline data, see Loe et al. (1978a).

A cross-sectional sample was selected
from the Sheen Estate, a neighbor plan-
tation in January 1985, and consisted of
169 male tea laborers between 25 and
71 years of age.

Clinical examinations

The longitudinal Sri Lankan group was
first examined in 1970. The group was
reexamined in 1971, 1973, 1977, 1982
and 1985. The time span between the
first and the sixth examination was 15
years.

At each appointment, the partici-
pants answered questions regarding
smoking and betel chewing habits.
Missing teeth were recorded in all par-
ticipants at each appointment (Loe et
al. 1978b). The clinical examination of
the periodontai tissues and adjacent
portions of the denitition included
measurements and scoring of the indices
on all mesial and facial surfaces of all
teeth, except third molars. The follow-
ing indices or measurements were re-
corded:

gingival index (GI) (Loe & Silness
1963)
loss of attachment (LA) (Glavind &
Loe 1967)
plaque index (PlI) (Silness & Loe
1964)
calculus index (CI) (Loe 1967)
gingival caries index (Cal) (Loe
1967).

At each examination throughout the
study, the same indices were scored by
the same two investigators, who were
both well-trained and experienced pe-
riodontists. All scores were dictated to
the chairside assistant who recorded the
scores on a special scoring chart (Loe et
al. 1978a).

The sequence of scoring was always
the same: plaque, calculus, and caries
including DMFS were first assessed in
that order by investigator A using a
pointed probe. The participant would
then move over to another chair where
investigator B would score for gingivitis
and measure loss of attachment from
the cementum-enamel junction (Loe et
al. 1978). These measurements were
made with a blunt probe graded at 1, 2,
3, 4, 5, 7, 9 and 11 mm. The diameter
of the probes was 0.6 mm. The same
probes were used for all six surveys.

The plantation group in Sri Lanka
was examined in an outdoor facility
comprising two portable dental chairs
and supporting equipment, but no com-
pressed air and saliva ejectors. Two den-
tal students assisted each investigator

during the scoring and in recording the
scores.

Intra-examiner reproducibility for
each index was tested at baseline and
repeated periodically throughout the
study.

Data analysis

The data for each examination in Sri
Lanka were computerized and updated
on an ongoing basis. As with most
studies of this size, a certain number of
the population dropped out and could
not be followed-up. Table 1 gives the
number of individuals who participated
in each survey by birth cohort. The Sri
Lankan group suffered from a repatri-
ation program which was unknown to
the investigators at the start of the
study. During the examination in 1977
Sri Lankan authorities confirmed that
the program had been terminated and
there were no plans for its reactivation.
Up to the age of 37 years, the loss of
population to follow-up appeared to be
independent of age.

When no significant changes in the
estimates of the parameters occurred
over time, the birth cohorts were col-
lapsed into age cohorts which describes
the population over 30 years. In order
to get a complete picture of the develop-
ment of the disease from the youngest
to the oldest age group observed, cross-
sectional means were calculated. They
are averages of each age group as the
birth cohort moves longitudinally.
Thus, the development of the disease is
traced from age 14 to 46 in Sri Lanka.

Data analyses were performed on all
the valid observation group (AVO). 88
individuals were present in all 6 surveys
(IAS). In a previous report, the IAS
group was compared to the total AVO
group on each specified clinical index to
determine if those lost to follow-up were
significantly different from those that
remained in the study. Certain rates
such as the tooth mortality rate, were
based on all individuals (161) who ap-
peared at both the 1st and 6th surveys.

Based on interproximal loss of at-
tachment and tooth mortality, 3 sub-
populations were identified:
(I) Subjects were assigned to the rapid

progression (RP) subgroup based
on one of two patterns of peri-
odontai destruction:
(1) Before the age of 21 years, the
subject must have a minimum of 4
mm loss of attachment on at least
2 permanent molars and incisors,
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Table I. Number of Sri Lankan Tea laborers who participated in each survey (by birth cohort
1970-1985)

Year of Birth

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1970

1

33

19

17

21

39

24

30

39

38

24

38

37

32

28

19

38

2

1971

1

30

17

15

19

33

24

28

33

33

24

30

34

30

24

16

32

2

1973

1

26

16

11

17

29

20

23

30

28

21

30

30

24

21

14

28

1

1977

0

19

10

9

14

15

11

17

16

16

11

16

22

11

12

10

19

0

1982

0

11

8

6

7

14

10

12

12

13

6

14

13

13

5

6

9

0

1985

0

12

6

5

8

11

9

13

14

15

8

12

12

11

7

7

11

0

Total 480 425 J70 228 159 161

Table 2. Cumulative number of observations in each age category and disease group for all
participants (AVO) and for those who appeared in all six surveys (IAS) (in parenthesis),
1970-1985

Age Years RP MP NP

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

3 (2)
4 (3)
2 (1)
6 (3)
8 (3)

10 (1)
6 (1)
10 (3)
6 (1)
8 (1)
13 (3)
11 (2)
8 (4)
11 (4)
3 (1)
7 (5)
7 (3)
4 (1)
1 (1)
3 (2)
2 (1)
1 (1)
1 (1)

3 (3)
3 (2)

1 (1)

1
17 (4)
27 (6)
28 (5)
51 (13)
54 (16)
65 (17)
59 (16)
83 (17)
92 (18)
82 (18)
78 (25)
95 (20)
89 (26)
63 (16)
78 (21)
108 (39)
63 (24)
44 (21)
57 (19)
42 (23)
25 (10)
33 (15)
43 (18)
24 (10)
16 (11)
14 (6)
16 (11)
17 (13)
7 (5)
8 (5)
6

1
20
21
16
25
23
17
14
16
13
5
4
6
4
2
2
1
2
1
1
1
1

one of which must be a first molar.
No more than 2 teeth other than
first molars and incisors should
have 5 mm loss of attachment, or
(2) A subject before the age of 30
must have at least 8 teeth missing
due to periodontai disease or with
loss of attachment of 5 mm or
more. At least 3 of the diseased or
missing teeth should be other than
first molars or incisors.

(II) Subjects with loss of attachment
not exceeding 2 mm on any mesial
surface at any survey were as-
signed to the group with no disease
progression (NP).

(III) The group with moderate pro-
gression (MP) consisted of all sub-
jects not identified in the foregoing
categories.

Subjects retained subpopulation identi-
fication for descriptive analyses at all
age intervals. The number of obser-
vations in each age-specific cohort are
presented for the three disease groups
in Table 2.

In an earlier report (Loe et al. 1978c),
we described the longitudinal loss of at-
tachment on the basis of measurements
on buccal and mesial tooth surfaces.
Due to indications that in some popu-
lations the buccal surfaces are subject
to various mechanical impacts during
tooth cleaning and the oral habits which
may result in loss of periodontai tissues,
the present report describes the initia-
tion and progress of the periodontai le-
sion on mesial surfaces. Since mesial
and adjacent distal surfaces have been
shown to exhibit similar characteristics
(Schei et al. 1959) this study may be
taken to refiect the pattern of initiation
and advancement of periodontai disease
in the interdental areas of the dentition.

Results

This population did not perform any
conventional oral hygiene measures and
consequently displayed quite uniformly
large aggregates of mineralized and
non-mineralized debris and stain on
their teeth. All participants exhibited in-
flammatory changes in the majority of
the gingival units. At 15 years of age
the mean gingival index was 1.3 and
approximately 30 percent of the inter-
proximal areas scored GI = 2. At 20,
mean gingival index was 1.6 and ap-
proximately 60 percent of the interden-
tal areas scored GI = 2. The 30-year-olds
had mean GI=1.9 and almost 90% of
the interdental areas scored GI = 2
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(Anerud et al. 1979). After 40 years of
age all interdental areas bled on probing
(GI = 2).

At the baseline examination in 1970,
20% of the 15-year-olds showed no loss
of periodontai attachment (Loe et al.
1978c). An additional 50% of this group
showed a maximum loss of attachment
at any one site of 1 mm. Approximately
96% of the total number of interproxi-
mal surfaces measured 0 or 1 mm loss
of attachment. The mean attachment
loss for the group was 0.17 mm. How-
ever, approximately 30% of the 15-
years-old showed one or more lesions
measuring between 2 and 9 mm, and
1 % of this age group exhibited one or
more interproximal areas which had lost
more than 10 mm. When loss of attach-
ment occurred in this age group, it was
often confined to mandibular central in-
cisors and first molars of both jaws.

Above 20 years of age, all partici-
pants showed loss of attachment of vari-
ous degrees. In the 30-year-old Sri Lan-
kan, the mean interproximal attach-
ment loss was ~ 3.5 mm; at 40, the mean
loss of attachment was ~ 5 mm; and at
45, it had increased to ~6.0 mm (Fig.
2). The cross-sectional study performed
in 1985 essentially confirmed these
stages in the progression of the peri-
odontai destruction (Fig. 2). Also, as is
apparent from this diagram the mean
interproximal loss of attachment calcu-
lated on the basis of measurements in
those who participated in all surveys did
not differ significantly from that derived
from all valid observations.

The same was true for tooth loss. The
cross-sectional means (Table 3) shows

anLAImm)
1S

15 20 4025 30 35

Age in Years

Fig. 2. Mean loss of attachment (LA) on
mesial root surfaces - Sri Lanka. Based on all
valid observations (AVO), on participation in
all surveys (IAS) and on cross sectional
(CXS) data.

Mittlerer Atlachmentverlust (LA) an mesia-
len Wurzeloberfldehen - Sri Lanka. Von allge-
meingiiltigen Beobachtungen (AVO), von der
Teilnahme an alien Untersuchungen (IAS)
und von Quersehnitts-(CXS) Daten ausge-
hend.
Perte d'attache moyenne (LA) au niveau des
surfaces radiculaires mesiales a Sri Lanka ba-
seesur toutesle.sobservations valables (AVO),
sur la participation a toutes les enquetes
(IAS), et sur les donnees par recoupement
(CXS).

that the 15-years-old had an average of
27.8 teeth present. At 20 years of age.

AVO
IAS
CXS

25 30 35

Age in Years

Fig. 3. Mean tooth loss - Sri Lanka. Based
on all valid observations (AVO), on partici-
pation in all surveys (IAS) and on cross sec-
tional (CXS) data.

Zahnverlust im Mittel- Sri Lanka. Von allge-
meingiiltigen Beobachtungen (AVO), von der
Teilnahme an alien Untersuchungen (IAS)
und von Querschnitts- (CXS) Daten ausge-
hend.

Perte dentaire moyenne a Sri Lanka basee sur
toutes les observations valables (AVO), sur la
participation a toutes les enquetes (IAS), et
sur les donnees par recoupement (CXS).

the number of teeth present dropped to
27.5 and the 30 year old averaged 26.4
teeth. By the age of 40 the number of
teeth had decreased to 22.4; and at 45
an average of 21.8 teeth were present.
When only those who participated in all
surveys were considered, it was appar-
ent that similar decreases had taken
place. Fig. 3 shows that tooth loss in
the cross-sectional study (CXS) in 1985

Table 3. Average number of teeth present in Sri Lankan tea laborers (AVO)

Ycara

1970

1971

1973

1977

1962

1986

Croii
S«ctiona

Maant

14

8.00

(2)

28,00

(2)

27,74

(38)

28,00

27.76

(40)

27,46

(201

27.69

(321

27,60

1521

27,86

(28)

27.18

(171

26,00

111

27.54

1461

27.65

(311

27,79

(231

27.4fl

1281

27.62

1821

27,70

1381

27.30

(30)

27.06

(17)

27.44

(86)

20

27.42

(38)

27.69

(36)

27.32

(191

27,60

(921

21

27.62

(23)

27.13

1301

27.28

1261

26,00

(11

27.2B

(791

22

27.16

(381

27,48

(231

27.03

1291

26.68

(191

27,09

(109

23

27,31

1391

26,84

1321

27,07

(301

26.70

(10)

27,04

(111

24

26.97

(30)

27.18

(34)

27.60

1201

27,64

M i l

27.23

(95)

26

26.79

(241

26,86

(28)

26.62

129)

26,86

114)

26.77

(95)

26

27,38

(39)

26.62

(24)

27.14

(26)

27,00

(21)

27.09

Miz

27

27,23

(22)

27,15

(331

26.62

(24)

27,00

1131

27,22

(9)

27,03

(101

28

26,35

(171

27,05

(191

26.96

(211

27.00

113)

26,33

(61

26.22

176)

29

26.26

119)

26,47

116)

26.62

(271

27.20

(15)

27.17

161

25.00

(1)

26.42

(63)

30

26.67

(33)

26.00

(17)

26.94

118)

27,30

(20)

27,12

(16)

25,00

112)

26.44

(116

31

26.00

Ml

26.40

(30)

24.17

(12)

26,16

(131

27,27

Mil

26.60

(51

26,15

(72)

32

26,00

(1)

24,60

(161

2E,50

110)

27.33

(12)

27,64

(111

26,27

1491

33

26,12

126)

27,06

(171

26.43

(7)

26.44

(9)

26.47

(59)

34

29.00

111

26,06

(171

26,93

M4I

27,29

(141

26.74

146)

36

23,60

(6)

26.55

Ml)

26.64

Ml)

26,64

(26)

36

25,09

(11)

25.82

Ml)

26,67

M2I

25,69

(34)

37

26,82

(171

24,46

Mi l

26.94

(16)

26.62

1441

38

26.47

(16)

26.66

(91

26.12

(24)

39

23,33

161

23,46

1131

23,42

119)

40

20.29

(7)

23,80

(101

22.36

117)

41

23.00

(6)

24.70

(101

24,06

116)

42

2336

(11)

25,17

(6)

24.00

117)

43 44

19.62 25.26

(81 (8)

19.62 25,26

(B) (81

45 46

21.67

(61

21.67

(61
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Table 4. Frequency distribution of teeth lost Table 5. Frequency and degree of attachment loss (LA) in mesial root surfaces in Sri Lankan
in 161 Sri Lankan tea laborers in 15 years, tea laborers between 14 and 46 years of age (rapid disease progression)
1970-1985

N u m b e r of
Tee th lost

0
1

2
3
4
E
6
7
8
10
11
12
14
1S
16

21

13331
Teeth

Number of
Individuals

67
32

23
14
G
4
3
1
1
1
3
1
1
2
1
1

did not differ significantly from that cal-
culated on the basis of those participa-
ting in all surveys (IAS) or on all valid
observations (AVO) during the longi-
tudinal study.

In the 161 individuals who partici-
pated in the first and sixth surveys, 333
teeth were lost during the 15 years. As
can be seen from Table 4, the majority
of teeth lost occurred in approximately
one-third of the group.

As the study of this material con-
tinued, it became evident that both the
onset of periodontal destruction and its
progression varied greatly between indi-
viduals. On the basis of the disease pro-
files and characteristics (criteria de-
scribed in the Material and Methods

28

24

20

3 16

I"
8

4

0

RP

MP
NP

-

-

/I r
'\r r"^

/
/

/

,-A/
^/ V

1
15 40 4625 30 35

Age In Years

Fig. 4. Mean tooth loss - Sri Lanka (all valid
observations).
Mittlerer Zahnverlusl - Sri Lanka (allgemein-
giiltige Beobachtungen).
Perte dentaire moyenne a Sri Lanka (toutes
les observalions valables).

Age

15
16

17
18

19
20

21
22

23
24
25

26
27
28

29
30

31
32

33
34
35

36
37

39
40

43

Number

3
4

2
6

8
10

6

10
6

8
13
11

8
11

3
7

7
4
1
3
2

1
1

3
3

1

Mean LA
mm

0.64

0.93
1.17
1.69

1.28
1.85

2.01
2.87
4.07

3.56
4.29

4.29
4.89
5.68

8.79
5.21

6.02
5.61
4.57

5.15
9.06

6.64
10.75

9.99
11.18

13.00

Percent Measurements of Attacbment
0-1 mm

90.12
82.41

81.82
58.28

75.23
62.64

47.59
43.32
22.75

39.15
26.98

12.58

18.36
10.77

0.00
6.28

18.03
1.96

14.29
9.76
4.26

4.55
0.00

0.00
0.00

0.00

2-4 mm

7.41

12.96
12.73
37.42

19.72
26.74

44.58
38.99
48.50

33.02
41.35

51.32

37.20
38.38

12.82
48.17

33.88
35.29

84.29
46.34
8.51

50.00
0.00

11.39
1.19

0.00

5-9 mm

1.23

2.78
1.82
3.07

3.21
7.33

6.02
10.47
16.77

16.98
16.13

27.15
30.43
32.32

46.15
28.80

21.86
48.04

0.00
26.83
34.04

9.09
35.71

26.58
27.38

0.00

Loss
>10 m m

1.23

1.85
3.64

1.23

1.83
3.30

1.81
1.72.

11.98

10.85
15.54

8.94
14.01
18.52

41.03
16.75

26.23
14.71

21.43
17.07

53.19

36.36
64.29

62.03
71.43

100

section) it was possible to identify 3 sub-
populations of the longitudinal plan-
tation group. (1) A relatively small
group of individuals with rapidly pro-
gressing disease (RP), (2) a large group
consisting of those with moderatly pro-
gressing disease (MP), and (3) a small
group of participants who showed es-
sentially no progress of the disease pro-
cess (NP) (Fig. 4).

The rapidly progressing disease group
(RP)

The group with rapidly progressing
periodontal disease (RP) comprised ap-
proximately 8 percent of the total popu-
lation at all age levels. At 15 years of
age this group showed a mean loss of
attachment of 0.64 mm (Table 5). 90%
of the interproximal areas exhibited loss
of attachment less than 2 mm. However,
approximately 1% of the surfaces al-
ready showed attachment loss between
5 and 9 mm and another 1 % exhibited
areas with attachment loss of 10 mm or
more. Both the mean loss of attachment
and the frequency of deeper lesions in-
creased during the remainder of the
teens. The rate of attachment loss be-
tween 15 and 20 years of age was 0.13

mm per year (Table 6). The lesions were
mainly confined to incisors (I) and first
molars (M) (Fig. 5), at which sites the
rate of progression was much higher
and often leading to loss of these teeth
before 20 years of age.

Both the mean loss of attachment and
tooth loss increased during the twenties.
At 25 years of age the mean LA was 4.3
mm and the mean tooth loss was 5.9
teeth. At this stage, periodontal destruc-
tion occurred in all teeth at a mean rate
of approximately 0.5 mm per year, and
the mean annual rate of tooth loss was
0.40 (Table 7).

The annual tooth mortality con-
tinued to increase towards the age of 30
(Table 8) at which time this group of
individuals had lost approximately 9

Table 6. Annual rate of attachment loss (LA)
on mesial surfaces during various age periods
- Sri Lanka (all valid observations)

Asa Period!
Y u n

14-19
20.24
2S.29

36-39
40-44
48

RP

0.13
0.46
1.04
0.73
0.97
O.«

Mean Annual LA
Rate Imm)

MP

0.06
0.11
0.29
014
0.09
0.07
0.E2

NP

0.06
0.06
0.09
0.06
0.04
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MeanlAtmm) Mean LA (mm)
13

Fig. 5. Mean loss of attachment - Sri Lanka.
Five year age groups in maxillary and man-
dibular teeth (rapidly progressing disease).

Mittlerer Attachmentverlust - Sri Lanka. 5-
Jahres Altersgruppen bei Obcrkiefer- und Un-
terkiefcrzahnen. (Krankheit mit rapider Pro-
gression).
Perte d'attache moyenne a Sri Lanka. Groupes
d'agc par S ans, pour les dents superieures
(Maxilla) et inferieures (Mandible) (Mala-
die a progression rapide: RP).

teeth. The mean loss of attachment at
this stage was 5.2 mm and only 13% of
the lesions measured less than 4 mm;
approximately 46% of the interproxi-
mal areas had between 5 and 9 mm
attachment loss; and approximately

Table 7. Annual rate of tooth mortality dur-
ing various age periods ~ Sri Lanka (all valid
observations)

Yflars

14-19

«M4
«!

RP

0.03

O.«!
1.«3

w»
2.33

2.33

Mean Annual
Tooth Mortality Rata

M P

0.11
AS2
0.12

0.04

0.27

0.08

0.71

NP

0.12

O.U
0.10

0.10

0.00

26 30 35 40
Age in Years

Fig. 6. Mean loss of attachment - Sri Lanka
(mesial root surfaces for all valid obser-
vations).

Mittlerer Attachmentverlust — Sri Lanka
(Mesiale Wurzeloberfldchen bei allgemeingUl-
ligen Beobachtungen).

Perte dentaire moyenne d Sri Lanka (surfaces
radiculaires mesiales pour toutes les observa-
tions valables).

40% measured 10 mm or more (Table
5). The annual loss of attachment rate
at 30 years of age was 1.04 mm (Table
6).

Between 30 and 40 years of age, the
mean loss of attachment increased to
approximately 11.2 mm. All teeth ex-
hibited advanced periodontal destrtic-
tion whicb progressed at a rate approxi-
mately 1 mm per year. By 40 years of
age, approximately 20 teeth had been
lost (Fig. 4) and mean tooth mortality
rates had increased to 2.3 teeth per year
(Table 7). Between 40 and 45 years of
age, the individuals afflicted with rapid
progressing periodontal disease (RP) es-
sentially lost all their teeth,

The moderately progressing disease
group (MP)

The group characterized by a moder-
ately progressing periodontal disease
(MP) numbered 145 individuals and
comprised approximately 80% of the
total population. At 15 years of age, the
mean LA of this group was 0.35 mm,
93% of the lesions measured less than
2 mm (Table 9). However, loss of attach-
ment between 5 and 9 mm as well as 10
mm and beyond did occur. Mean loss
of attachment increased throughout the
remainder of the teens and measured
approximately 0.9 mm at the age of 20
years. Mean loss of attachment rate be-
fore 20 years of age was 0.05 mm (Table
6). Tooth loss before 20 years of age was
negligible (Fig. 4, Table 8).

The loss of attachment increased dur-
ing the twenties; at 25 years the mean
loss of attachment was approximately
1.8 mm, rising to 3.2 mm by the age of
30 years. During these years, the annual
LA rate rose to 0.3 mm. Tooth loss was
still modest and progressed at a rate of
0.10 tooth per year. Between 30 and
40 years of age, the destruction of the
periodontium continued at a relatively
even pace. At 35 years of age the mean
loss of attachment was 3.9 mm, with
approximately 60% ofthe lesions meas-
uring 4 mm or less. All interdental areas
of the dentition were involved (Fig. 7)
and the rate of progress of the lesions
averaged approximately 0.1 mm per
year (Table 6).

Tooth mortality did increase from 30
to 40 years of age; at 40 years, the aver-
age individual in this group had lost 3-4
teeth (Table 8). However, throughout
the age levels from 15 to 45 years, mor-
tality rates were maintained at approxi-
mately 0.1 tooth per year (Table 7).

By the time these individuals reached
45 years of age, the mean loss of attach-
ment had increased to approximately 7
mm and 60% of the lesions measured

Table 8. Average number of teeth present in Sri Lankan tea laborers three subpopulations

ot A g *

RP

MP

NP

14

28,00

(1)

28.00

(1)

16

27,67

(3)

27.71

(I7J

27.80

(201

27.60

14)

27.U
(27)

27,81

(21)

27.00

(2)

27.46

(2fl(

27.76

(16)

27,67

(6)

27.49

fetf

2788

126)

27.B0

(8)

27.44

(641

27,40

(23)

20

27,10

(10)

27.66

27.12

(17)

21

27.60

(6)

27,31

mi

27,07

(14)

22

26.10

(10)

27,24

26,94

(16)

23

24.67

27,20

27.16

(13)

24

26.50

(B)

27.36

28.00

(6)

25

24,62

(13)

27.09

(78J

27.60

(4)

26

26.91

(11)

27.19

196)

27,67

(6)

27

24,37

(B)

27.24

189)

27,76

(41

2B

23,36

(11)

26.70

163)

27.00

(21

29

1B.33

(3)

26.71

I7B)

27,60

(2)

30

23,71

(7)

26.83

1108)

26.00

(1)

31

21 .B6

(7)

28.69

163)

27.60

(2)

32

24.50

(4)

26.39

144)

26,00

(1)

33

22.00

(1)

26,B4

(57)

27.00

(11

34

23.33

(3)

(42)

28.00

(1)

35

16,00

(2)

26.20

(26)

28,00

(11

36

20.00

(1)

26.06

(33)

37

12.00

(1)

2S.B4

(43)

38

(24)

39

11.67

(31

2^.63

40 41

9,67

(3)

26.07 24.06

42

•

24,00

43

0.00

(1)

44

25,25

45

21,6?

(6)
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Table 9. Frequency and degree of attachment loss (LA) in mesial root surfaces in Sri Lankan
tea laborers between 14 and 46 years of age (moderate disease progression)

Mean LA (mm)
151

Age
Mean LA

Number mm
Percent Measurement of Attachment Loss

0-1 mm 2-4 mm 5-9 mm >10mm

14
15
16
17
18
19
20
21
72.
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

1
17
27
28
51
54
65
59
83
92
82
78
95
89
63
78

108
63
44
57
42
25
33
43
24
16
14
16
17
7
8
6

0.67
0.35
0.52
0.65
0.70
0.92
0.88
1.17
1.46
1.53
1.45
1.71
1.77
1.87
2.36
2.90
3.22
3.48
3.56
3.75
3.60
3.86
4.10
4.50
3.86
4.05
4.43
4.70
5.73
6.07
4.41
6.99

92.59
94.59
92.97
92.78
90.61
84.27
83.90
79.43
69.15
68.19
68.64
64.17
59.50
54.96
45.05
37.49
29.27
24.13
17.51
14.91
16.48
15.28
17.57
14.06
16.67
11.45
15.80
14.65
7.13
5.18

11.52
1.23

7.41
3.90
4.86
4.99
7.33

12.97
14.53
16.93
26.83
26.68
26.76
29.31
35.24
38.70
45.80
44.18
50.27
51.04
60.22
56.88
56.70
54.90
53.04
46.25
54.89
63.08
51.50
48.51
35.85
38.86
54.38
36.20

0.00
0.43
0.14
0.26
0.21
0.74
0.34
1.11
1.23
2.21
2.21
3.17
2.29
3.54
4.26

12.67
13.84
18.59
15.76
21.92
22.09
21.96
18.36
28.65
20.34
14.95
18.53
21.05
39.96
32.64
21.66
33.74

0.00
1.08
2.03
1.97
1.85
2.02
1.23
2.52
2.80
2.92
2.39
3.36
2.97
2.80
4.89
5.66
6.62
6.24
6.51
6.30
4.73
7.86

11.04
11.04
8.10

10.51
14.17
15.79
17.06
23.32
12.44
28.83

between 5-9 mm or 10 mm or more
(Table 9). The annual rate of attach-
ment loss at this age had increased to
approximately 0.5 mm (Table 6) and
tooth mortality rates were on the in-
crease (Table 7).

The non-progressing disease group (NP)

The non-progressing disease (NP)
group averaged approximately 10% of
the plantation group examined at vari-
ous age levels (Table 10). Between 15
and 19 years, approximately 35% of the
total population showed no loss of at-
tachment beyond 2 mm at any one site.
At 25, there were still 13% of the cohort
who had not developed periodontal de-
struction to any degree. Between 30 and
35, the mean loss of attachment was still
approximately 1 mm (Fig. 8), advancing

toward the age of 40 at a rate of 0.05
mtn per year (Table 6).

Tooth loss was inconspicuous (Table
8) and did not seem to increase as the
individuals approached 40 years of age
(Table 7).

Piaque, gingivitis, caicuius and caries in
the subpopuiations

At 15 years of age, the group with rapid
developing periodontal (RP) disease
had a mean plaque index score of 2.04,
reflecting the presence of visible plaque
in all interdental areas. 96% of the sur-
face scored Pll = 2 and the rest scored
Pll = 3. This level of oral hygiene was
basically maintained through the next
30 years. The group with moderately
progressing (MP) and non-progressing
(NP) disease were not much different.

Maxilla

Mandible

PI
Tooth

CI

Fig. 7. Mean loss of attachment - Sri Lanka.
Five year age groups in maxillary and man-
dibular teeth (moderately progressing dis-
ease).

Mittlerer Attachmentverlust — Sri Lanka. 5-
Jahres Altersgruppen bei Oberkiefer- und Un-
terkieferzdhnen (Krankheit mit massiger Pro-
gression) .

Perte d'attaehe moyenne a Sri Lanka. Groupes
d'dge par 5 ans, pour les dents superieures
(Maxilla) et inferieures (Mandible). (Mala-
die a progression moderee: MP).

Mean LA (mm)

Fig. 8. Mean loss of attachment - Sri Lanka.
Five year age groups in maxillary and man-
dibular teeth (no disease progression).
Mittlerer Attachmentverlust - Sri Lanka. 5-
Jahres Altersgruppen bei Oberkiefer- und Un-
terkieferzdhnen. (Keine Progression der
Krankheit).

Perte d'attaehe moyenne a Sri Lanka. Groupes
d'age par S ans, pour les dents superieures
(Maxilla) et inferieures (Mandible). (Groupe
sans progression de la maladie: NP).
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Table 10. Frequency and degree of attachment loss (LA) in mesial root surfaces in Sri Lankan
tea laborers between 14 and 35 years of age (no disease progression)

Age

14

15
16

17
18

19
20

21

22

23

24

25

26
27

28

29
30

31
32

33
34

35

Number

1

20

21

16

25
23

17

14

16

13

5

4

6

4

2

2
1

2
1

1

1
1

Mean LA
mm

0.00

0.11

0.10

0.14

0.28
0.23

0.28

0.52

0.55

0.49

0.49

0.53

0.67

0.94
0.44

0.97
1.21

1.29
1.18

1.15
1.22

1.04

Percent Measurements of Attachment Loss
0-1 mm

100

99.81
98.96

99.09

97.40
97.44

97.58
93.03

92.06
92.29

95.71

96.36

95.18

85.98

92.45

81.82
75.00

63.46
82.14

85.19
74.07

82.14

2-4 mm

0.00

0.19

1.04

0.91

2.60

2.56

2.42

6.97

7.94

7.71

4.29

3.64

4.82

14.02

7.55

18.18
25.00

36.54
17.86

14.81

25.93

17.86

5-9 mm

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00

0.00

0.00

> 10 mm

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

A mean P1I = 2.O was observed at 15
years of age and maintained throughout
the decades to follow.

Gingival index scores were also very
similar for the 3 groups, although there
may have been a tendency for the rapid
progressing (RP) group to score higher
between 15 and 25 years than the other
two disease categories. Certainly, for the
30 years and older age groups no dif-
ference in gingival index scores could
be discerned.

Gingival caries was almost non-exist-
ent both for mesial and buccal tooth
surfaces. All three groups of individuals
scored zero caries in 98-99 of the tooth
surfaces. In the few instances gingival
caries occurred it was equally often lo-
cated above, at, or below the gingival
margin.

Supra- and subgingival calculus was
seen in all 3 subpopulations. The RP
group showed clearly the highest rate of
calculus formation before 20 years of
age, at which time more than 90% of
the tooth surfaces developed supra- and
subgingival calculus. In comparing the
three groups age by age (Fig. 9), the RP
group showed the highest mean calculus
index and the highest frequency of
scores CI = 2 or 3. However, the NP
group also exhibited calculus formation
early in life. By 15 years of age supra-

and subgingival calculus occurred in
36% of the interproximal surfaces. The
percent of involved surfaces increased
steadily throughout the twenties and
thirties, but never reached the levels ex-
hibited by the RP and MP groups.

2.50

2.2B

2.00

1.75

1 1.50

1 1.25

S
S 1.00

1
0.7B

O.BO

0.25

0.00

I
I

1
1

1

-

RP
MP
NP

/

V

11

/\AA

\j V I li
1 1

' " ' \l

I'

1 1 1 1

15 20 2S 30 35 40 46
Age in YearB

Fig. 9. Mean calculus index - Sri Lanka (me-
sial root surfaces for all valid observations).
Mittlerer Zahnsteinindex - Sri Lanka. (Mesi-
ale Wurzeloberflachen bei allgemeingiiltigen
Beobaehtungen).

Indiee de tartre moyen a Sri Lanka (surfaces
radieulaires mesiales pour toutes les observa-
tions valables).

Discussion

This study was designed to characterize
the initiation and progress of periodon-
tal disease during major portions of
man's life (Loe et al. 1978a). The present
report describes on the basis of repeated
examinations, the development of peri-
odontal disease from the early lesion
confined to the marginal gingiva,
through the various stages of periodon-
tal destructions, to the ultimate loss of
teeth before 45 years of age.

An important feature of this investi-
gation is that the study population at
no time during their 45 years of life
received any type of dental treatment or
made any concious effort to prevent or
intervene with the development of the
disease. Furthermore, the homogeneity
of the group as regards ethnicity, en-
vironment, education and nutrition
(Loe et al. 1978a), suggests that special
credence be given to any major differ-
ences in disease characteristics and dis-
ease correlates within the group. Also,
the fact that in this particular popu-
lation dental caries was virtually non-
existent, substantially facilitated the
analyses, and especially the assessment
of the role of periodontal disease in
tooth mortality in this population.

In general, this report extends and
expands on the longitudinal data re-
ported earlier (Loe et al. 1978a, b, c)
and confirms the concept that in the
absence of any intervention the loss of
periodontal attachment is continuous,
and that given time, the progressive de-
struction of the periodontium will lead
to exfoliation of the teeth. However, a
significant finding of this study is that
even under identical extraneous circum-
stances, this population exhibited wide
ranges of severity of this disease.

It is a matter of record (Anerud et
al. 1979) that all 15-year-olds exhibited
gingivitis and that both the frequency
and severity of the gingival lesion in-
creased before and after the age of twen-
ty. By 30 years of age almost all inter-
dental areas exhibited a degree of gingi-
vitis which was characterized by the
major symptoms of chronic inflam-
mation, including bleeding on probing
(Loe & Silness 1963). At 15 years of age,
almost all participants showed some de-
gree of attachment loss which increased
steadily before and after the age of 20.
Two distinctly different subpopulations
were identified on the basis of the rates
of attachment loss and tooth mortality:
(1) one showing a rapidly progressing
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destruction of the periodontium (RP),
and (2) the other exhibiting a relatively
moderate progression of the disease
(MP).

Rapidly progressing periodontal dis-
ease may start before or after the age of
15 years. It may be confined to the first
molars and incisors during the early
stages, but soon includes all groups of
teeth (Fig. 5). The main characteristic
of this form of periodontal disease is the
rate of destruction. The mean annual
rate of attachment loss at 15 years of
age (0.13 mm) was relatively low and
must be ascribed to the fact that rela-
tively few teeth are involved. As the sub-
jects pass the age of twenty, the rate
with which periodontal attachment is
lost, had quadruppled (0.5 mm per
year). As this subpopulation ap-
proached 30 years of age, the mean rate
of attachment loss had increased to ap-
proximately 1 mm per year.

Tooth loss followed a similar pattern,
as very few teeth were lost before the
age of twenty (Fig. 4). However, at 20
years and beyond, tooth mortality in-
creased dramatically, so that between 25
and 30 years of age the rate of tooth
mortality was approximately 1.5 teeth
per year. Between 35 and 40 years of
age, the rate of tooth loss increased to
2.3 teeth per year; and as this subpopu-
lation approached 40 years of age essen-
tially all teeth were lost. Approximately
10% of the plantation group exhibited
rapidly progressing periodontal disease.

Moderately progressing periodontal
disease occurred in more than 80% of
the tea laborers. It started before 20
years of age and as in the rapidly pro-
gressing disease group, the first signs of
periodontal destruction are found in the
first molars and the incisors. From 15
to 25 years of age, the lesions progress
at a fairly even pace of 0.05-1.0 mm per
year. As these individuals approach 30
years all teeth are involved and the rate
increases to 0.3 mm per year. Between
30 and 40 years of age the annual rate
of attachment loss is again approxi-
mately 0.1 mm. The acceleration in loss
of attachment during the late twenties
confirms the earlier observation (Loe et
al. 1978e) that the rate of progression
does increase between 25 and 30 years.
It is worth noting that this increase
concided with a doubling of the rate of
attachment loss in the group exhibiting
rapid progression of the disease (RP).
At this time, however, we can offer no
explanation for this change in the dis-
ease rate in either population.

As already commented on, the ini-
tiation of the periodontal lesion in the
different areas of the dentition may
occur at different age levels. Also, the
rate of progress of the disease clearly
varies between group of individuals,
within the individual dentition as well
as at different age levels, as shown in
these studies. However, under natural
conditions, in the absence of any inter-
vention and irrespective of variations in
pace and patterns, the periodontal le-
sion progresses steadily over time.
"There may be periods of slow progress
and periods in which the destructive
processes show acceleration" (Loe et al.
1978c), but as documented in both the
rapidly and moderately progressing dis-
ease groups, the advancement of the le-
sions will continue until the entire pe-
riodontium is included and will lead to
the loss of the tooth, of multiple teeth
or the entire dentition.

It should be emphasized that such a
steady, continuous progression of the
periodontal lesion over a lifetime does
not rule out discrete episodes of local
excaeebration as possible mechanism of
disease progress (Socransky et al. 1984).
Linear decay or linear increase in sever-
ity are rare phonomena in any chronic
disease such as rheumatoid and osteo-
arthritis, multiple and lateral sclerosis,
arteriosclerosis, glaucoma, etc. The fact
remains, however, that over time, in the
absence of any interference and irres-
pective of possible short periods of ac-
tivity and inactivity, periodontal disease
in man shows continuous progress.

Perhaps the finding of a small group
(10%) of Sri Lankan tea laborers, par-
ticipating in both the longitudinal and
cross-sectional studies who showed es-
sentially no progress of the periodontal
disease beyond the gingival lesion, was
the most significant result of the present
study. The mere presence of such a
group among a population who gener-
ally exhibits various degrees of rampant
periodontal disease, is surprising and in-
triguing, and will be subject to future
study.

Zusammenfassung

Der natiirliche Verlaufder menschlichen Paro-
dontalkrankheit. Rapider, mdssiger und kein
Attachmentverlust bei Arbeitern im Alter von
14-46 Jahren in Sri Lanka
Diese Veroffentlichung beschreibt den Be-
ginn, die Starke der Progressivitat und den
dann folgenden Zahnvedust bei einer Bevol-
kerungsgruppe, die niemals in den Genuss

von zahnheilkundlichen Praventions- und
Behandlungsprogrammen gekommen ist.
Diese Gruppe bestand aus 480 mannlichen
Arbeitern von 2 Teeplantagen in Sri Lanka.
Die Organisation der Studie und die Aus-
gangsdaten sind bereits veroffentlicht wor-
den. Bei der Ausgangsuntersuchung im Jahre
1970 warcn die Probanden zwischen 14 und
31 Jahre ah. Die dann folgenden Untersu-
chungen wurden in den Jahren 1971, 1973,
1977, 1982 und 1985 vorgenommen. Die Ge-
samtstudie deckt also eine Altersstreuung
von 14-46 Jahren. Wahrend der Gesamtstu-
die wurden die klinischen Indizes von den
gleichen 2 Untersuchenden registriert, beide
gut ausgebildete und erfahrene Parodontolo-
gen. Die zwischen den Untersuchenden vor-
liegende Wiederholbarheit einer jeden Index-
registrierung wurde bei der Ausgangsuntersu-
chung getestet und wahrend der
Untersuchung von Zeit zu Zeit wiederholt.
Die registrierten Daten wurden im Dator er-
fasst und laufend geordnet. Bei der letzten
Untersuehung im Jahre 1985 waren von der
ursprunglichen Gruppe 161 Probanden vor-
handen, die bereits an der ersten Untersu-
chung teilgenommen hatten.

Bei dieser Population kam keine konven-
tionelle orale Hygiene vor. Dicker Plaquebe-
lag, reichlicher Zahnstein und Zahnverffir-
bungen waren die Regel. Sogut wie alle Zahn-
fleischregionen waren entzundet. Von
approximalem Attachmentverlust und der
Zahnmortalitat ausgehend, wurden 3 Unter-
gruppen identifiziert: (1) Probanden (~8%)
mit Zeichen rapider Progression der paro-
dontalen Krankheit (RP), (2) solche (~8I%)
mit massiger Progression (MP) und eine
Gruppe (~11%) bei der uber die Zahnflei-
schentzundung hinaus keinerlei Progression
(NP) der parodontalen Krankheit vorkam.

Im Alter von 35 Jahren war der mittlere
Attachmentverlust in der RP-Gruppe ~ 9
mm, bei der MP-Gruppe lag ein Verlust
von ~ 4 mm vor und bei der NP-Gruppe war
der Attachmentverlust geringer als 1 mm. Im
Alter von 45 Jahren war der mittlere Attach-
mentverlust in der RP-Gruppe ~ 13 mm und
in der MP-Gruppe ~ 7 mm. Die jahrliche
Destruktionsquote in der RP-Gruppe variier-
te zwischen 0,1 und 1,0 mm, in der MP-
Gruppe zwischen 0,05 und 0,5 mm und in
der NP-Gruppe zwischen 0,05 und 0,09 mm.
Da nun diese Population praktisch kariesfrei
war, kam es nur durch Parodontopathien zu
Zahnverlusten. In der RP-Gruppe kam
Zahnvedust bereits im Alter von 20 Jahren
vor, der dann wahrend der darauf folgenden-
den 25 Jahre weiter anstieg. Im Alter von 35
Jahren waren 12 Zahne verloren gegangen,
im Alter von 40 Jahren 20 und mit 45 Jahren
war der Zahnverlust total. In der MP-Gruppe
begann die Zahnmortalitat erst nach dem Er-
reichen des 30. Lebensjahres und stieg dann
wahrend des folgenden Jahrzehntes an. Im
Alter von 45 Jahren betrug der mittlere Zahn-
verlust in dieser Gruppe 7 Zahne. In der NP-
Gruppe kam praktisch kein Zahnverlust vor.
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Resume

Histoire naturelle de la maladie parodonlale
chez ihomme. Perte d'attache rapide, moderee
ou absente chez des travailleur.s sri lankais
ages de 14 d 46 ans
Cet article decrit le debut et le taux de pro-
gression de la maladie parodontale et la perte
dentaire subsequente dans une population
qui n'a jamais ete exposee a aucun program-
me ou aucun incident relatif a la prevention
ou au traitemenl des maladies dentaires. Ce
groupe consiste en 480 hommes travaillant
dans deux plantations de the de Sri Lanka.
Le type d'etude et les donnees initiales ont
ete publies. Lors de l'examen initial en 1970,
l'age des participants variait entre 14 et 31
ans. Des examens subsequents ont eu lieu en
1971, 1973, 1977, 1982 et 1985. Cette etude
englobe done les groupes d'age entre 14 et 46
ans. Durant l'etude les indices cliniques ont
ete etablis par les deux memes examinateurs,
tous deux parodontologues bien entraines.
La variation individuelle pour chaque indiee
a ete testee lors de l'examen initial et repetee
periodiquement durant l'etUde. Les donnees
pour chaque examen ont ete traitees par ordi-
nateur et mises a jour de maniere suivie. Au
dernier examen, en 1985, 161 individus qui
avaient participe a l'examen initial faisaient
encore partie de l'etude.

Cette population n'avait accompli aucune
mesure d'hygiene bueeale conventionelle et
par consequent avait beaucoup de plaque, de
tartre et de coloration dentaire. Pratiquement
toute la gencive etait enflammee. Basees sur
la perte d'attache interproximale et sur les
taux de mortalite dentaire, trois sous-popula-
tions ont ete identifiees: 1) les individus (envi-
ron 8%) avec progression rapide de la mala-
die parodontale (RP), eeux (environ 81%)

avec progression moderee (MP), et un groupe
(environ 11%) qui ne montrait aucune pro-
gression de la maladie parodontale malgre la
presence de gingivite (NP).

A 35 ans, la moyenne de perte d'attache
dans le groupe RP etait d'environ 9 mm, le
groupe MP avait environ 4 mm et le groupe
NP moins de 1 mm de perte d'attache. A 45
ans, la moyenne de perte d'attache dans le
groupe RP etait d'environ 13 mm, et de 7
mm dans le groupe MP. Le taux annuel de
destruction dans le groupe RP variait entre
0, 1 et 1,0 mm, dans le groupe MP entre 0,05

et 0,5 mm, et dans le groupe NP entre 0,05
et 0,09 mm. Puisque cette population n'a pra-
tiquement pas de caries toutes les pertes den-
taires sont dues a la maladie parodontale.
Dans le groupe RP la perte dentaire apparais-
sait deja a 20 ans et augmentait pendant les
25 annees suivantes. A 35 ans 12 dents man-
quaient, a 40 ans 20, et a 45 ans toutes. Dans
le groupe MP, la mortalite dentaire com-
menpait apres 30 ans et augmentait pendant
la decennie suivante; a 45 ans la moyenne de
perte dentaire y etait de 7 dents. Le groupe
NP n'avait quasi aucune perte dentaire.
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