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Objective. The aim of this study was the quantification of alveolar
bone resorption as well as the number and percentage of teeth with
dental caries. Materials and Methods. Four samples of jaws and single teeth were studied from four time periods, i.e. from the Krapina
Neanderthals (KN) who reportedly lived over 130,000 years ago, and
groups of humans from the 1st, 10th and 20th centuries. Resorption of
the alveolar bone of the jaws was quantified by the tooth-cervicalheight (TCH) index. Diagnosis of dental caries was made by inspection and with a dental probe. TCH-index was calculated for a total
of 1097 teeth from 135 jaws. Decay was calculated for a total of 3579
teeth. Results. Resorptive changes of the alveolar bone in KN and 1st
century man were more pronounced on the vestibular surface than
interdentally (p<0.05), while no significant difference could be confirmed for 10th and 20th century man (p=0.1). The number (percentage) of decayed teeth was 0 (0%, n=281 teeth) in KN, 15 (1.7%; n=860
teeth) in 1st century, 24 (3.4%; n=697 teeth) in 10th century, and 207
(11.9%, n=1741 teeth) in 20th century. Conclusion. On the basis of our
results it may be postulated that in contemporary man in relation to
KN, the accumulation of plaque pathogens in the interdental space is
substantially greater than on the vestibular side. These findings have
practical, educational and preventive value for oral hygiene improvement, especially of the interdental space, which should help decrease
the prevalence of periodontal disease and dental caries, and improve
oral as well as general health.
Key words: Periodontium, Alveolar resorption, Neanderthal, TCHindex, Dental caries.

Introduction
The hominids are zoological groups who
had some characteristics of Homo sapiens.
Hillson (1) describes the family Hominidae
(Table 1).
Paleoanthropological and archeological materials have been frequently used in

medicine, not only because they can help us
understand a biomedical problem of human
nature, but also because they are convenient
for investigation. Paleoanthropology and archeology are fields of high interest for many
branches of science, dentistry being no exception, in fact dentistry has special interest
in mutual collaboration. A general survey
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Table 1 The family Hominidae (1)
Species

Sites

Stratigraphic division

Date ranges

Ardipithecus ramidus

East Africa

Pliocene

c. 4.4 Ma BP

Australopithecus anamensis

East Africa

Pliocene

4.2-3.9 Ma BP

Australopithecus afarensis

East Africa

Pliocene

3.75-2.8 Ma BP

Australopithecus africanus

South Africa

Pliocene

3-2.5 Ma BP

Paranthropus robustus

South Africa

Lower Pleistocene

1.8-1.5 Ma BP

Paranthropus boisei

East Africa

Pliocene, Lower Pleistocene

c. 2.6-1.2 Ma BP

Homo habilis

Africa (+ ?)

Pliocene, Lower Pleistocene

2.2-1.6 Ma BP

Homo erectus

Asia
(+ Africa earlier dates)

Middle Pleistocene

700-125 ka BP (1.9 Ma
BPm 1.6 Ma BP)

Homo sapiens (archaic)

Africa + Europe

Middle Pleistocene

700-125 ka BP

Homo sapiens (Neanderthal)

Europe + West Asia

Upper Pleistocene

100-35 ka BP

Homo sapiens
(anatomically modern)

Worldwide

Upper Pleistocene
+ Holocene

90 ka BP, 50 ka BP - present

Australopithecines

Hominines

BP - years before present; Ma - millions of years; ka - thousands of years; Holocene - 10 ka BP – present; Pleistocene - 2 Ma-10ka BP; Pliocene - 5,1
Ma-2 Ma BP.

of dental variability in human groups would
be incomplete without some consideration
of pathologic differences. These may reflect
variations in the genetic, dietary, bacteriologic and physiologic aspects of man’s development.
Two major problems in dentistry, i.e.
periodontal disease and dental caries (decay), can be thoroughly examined by use
of paleoanthropological and archeological
materials. There are more literature data on
decay than on periodontal disease in the
past in the human race (2, 3). This is so because caries lesions have been preserved on
skeletons from the very beginning of their
occurrence, whereas the only evidence for
periodontal disease is when the pathologic
events involve the calcified periodontal
structure (alveolar bone and cementum).
In this study there were two aims: First,
the loss of alveolar bone was assessed by the
tooth-cervical height index (TCH-index)
on the vestibular and interdental side of the
alveolus (4) in Krapina Neanderthals (KN)
who lived 130,000 years ago (5), and in
120

groups of contemporary humans from the
1st, 10th and 20th centuries, and second, the
number and percentage of caries lesions on
all samples of teeth in these four groups was
diagnosed.

Material and methods
For alveolar bone resorption, all samples
of jaws, except for KN, were subdivided
into two age groups: 20-29 and >50 years.
This grouping was not applicable in the KN
group, as none of KN individuals was older
than 23 years at the time of death.
Group 1 - KN
The alveolar bone included 54 KN teeth, i.e.
10 teeth from three maxillae and 44 teeth
from six mandibles. Examples of a KN maxilla and a KN mandible are presented in Figures 1 and 2.
The age of the KNs whose jaws were examined was reported to be 14 – 23 years.
Caries lesions included 281 teeth, 91 belong-
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Figure 1 Maxilla of Krapina Neanderthal (6, 7): a - occlusal aspect; b – vestibular aspect; c – radiographic image.

a

b

c

Figure 2 Mandible of Krapina Neanderthal No. 55 (6, 7): a – occlusal aspect; b - vestibular aspect; c – radiographic
image.

ing to the jaws, and 190 teeth were outside
the jaws, as a single tooth. The age of the
KNs whose teeth were checked was 3 – 27
years. These jaws and teeth are in the possession of the Natural History Museum in
Zagreb, Croatia.
Group 2 – Contemporary humans from
the 1st century
The alveolar bones included teeth belonging
to human skulls from the 1st century, divided
into two subgroups according to age:
- 20-29 age subgroup of 14 skulls with 28
jaws and 295 teeth, and
- >50 age subgroup of 8 skulls with 16
jaws and 94 teeth.

Caries lesions included 860 teeth which
belonged to the 1st century jaws.
Group 3 – Contemporary humans from
the 10th century
The alveolar bones included teeth belonging
to human skulls of the 10th century, also divided into subgroups according to age:
- 20-29 age subgroup of 8 skulls with 16
jaws and 135 teeth, and
- >50 age subgroup of 6 skulls with 12
jaws and 60 teeth.
Caries lesions included 697 teeth belonging to the 10th century jaws.
The skulls from the 1st and 10th century
belong to the National Museum in Sarajevo,
Bosnia and Herzegovina.
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Figure 3 Measurement of Tooth Cervical Height (TCH-index). (a) Vestibular TCH – mean distance between A (at
alveolar crest) and B (at cementoenamel junction) per all teeth in the jaw; interdental TCH – mean distance between C (at alveolar crest) and D (at cementoenamel junction) per all teeth in the jaw (figure from Davies et al.
(4). Buccal height – vestibular height. (b) Measuring alveolar bone resorption with periodontal probe.

Group 4 – Contemporary humans from
the 20th century
The alveolar bones included teeth belonging to human skulls from the 20th century,
divided into two subgroups:
- 20-29 age subgroup of 13 skulls with 26
jaws and 281 teeth, and
- >50 age subgroup of 18 skulls with 36
jaws and 178 teeth.
Caries lesions included 1741 teeth belonging to the 20th century jaws.
The skulls from the 20th century belong
to the Institute of Anatomy, School of Medicine, University of Sarajevo, Bosnia and
Herzegovina. The age of the skulls from the
1st and 10th centuries was determined by the
Vallois method (8). This method is based
on measurements of the obliteration of the
suture skulls. The resorption of the alveolar
bone was measured by the TCH-index according to Davies et al. (4), using a compass
and a periodontal probe. TCH-index was
122

defined as the mean distance from the cementoenamel junction to the alveolar crest
measured per all teeth in the jaw (Figure 3).
The measurement was done on two sides,
vestibular and interdental and expressed
in millimeters, with a precision of 0.5 mm.
Diagnosis of caries lesion was done by inspection and with a dental probe by a single
evaluator.
Statistical analysis
Data are presented as mean and standard
deviation (SD) and as proportions if they
are nominal. Comparisons between mean
vestibular and interdental TCH-index were
done using paired t-tests, while comparisons of the mean TCH-index between study
groups were done using unpaired t-tests or
one-way analysis of variance. The relation
between the mean vestibular and interdental
TCH-index was expressed as the V/I or I/V
ratio and its 95% confidence interval (CI).
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For dental caries, differences between observed and expected frequencies in the four
study groups were analysed by the c2 test,
followed by post-hoc comparisons with the
Keppel modification of the Bonferroni correction of type I error. The level of significance was defined as p<0.05. Statistical analysis was performed using the R language for
statistical computing (9).

Results
The results for alveolar bone resorption assessed as mean TCH-index are given in
Table 2.
Comparison of the mean TCH-index
between the vestibular and interdental
tooth sides shows that there is a significantly greater resorption of alveolar bone
vestibularly than interdentally in the KN
group (p=0.001) and also in the 1st century
group (p=0.001 or p=0.05). On the other
hand, no statistically significant difference
could be confirmed between the vestibular

TCH-index and the interdental TCH-index
in contemporary man from the 10th and 20th
century groups (p=0.1). Results expressed
as a V/I ratio show that in the subgroup of
>50 year old contemporary man of the 20th
century the interdental resorption is almost
equal to the vestibular resorption (V/I=1.06,
95% CI: 1.03, 1.10). Changes in interdental
resorption increase in contemporary man
in the subgroups of >50 years old (p<0.001),
and its increase from KN to 20th century is
almost two-fold (1.94, p<0.001).
Interdental and vestibular values of
TCH-index for KN were taken as reference
values and expressed as 100% (Table 3).
For the other three study groups, the
interdental and vestibular TCH-index was
calculated in respect to the KN reference
and expressed as a percentage. Dynamics of
interdental resorption was already higher in
the subgroup of >50 years old from the 10th
century (123.3%), while in the subgroup of
>50 years old from the 20th century the interdental resorption is almost twice as high

Table 2 Mean TCH–index and vestibular-interdental ratio (V/I) values according to the study group (KN, 1st, 10th
and 20th century)
Study group

No.
of jaws

No.
of teeth

Vestibular TCH,
mean (SD)

Interdental TCH,
mean (SD)

p-value1

V/I ratio
(95% CI)

3

10

8.15 (1.36)

2.10 (0.22)

0.01

–

KN (14-23 years)
Maxilla
Mandible

6

44

5.33 (0.46)

2.68 (0.21)

0.001

–

Total

9

54

6.12 (0.44)

2.57 (0.17)

0.001

2.38 (2.32, 2.45)

20-29 years

28

295

2.80 (0.29)

1.79 (0.10)

0.001

1.56 (1.54, 1.59)

>50 years

16

94

4.36 (1.17)

2.34 (0.22)

0.05

1.86 (1.76, 1.97)

20-29 years

12

135
60

2.50 (0.28)

1.82 (0.38)

0.1

1.37 (1.32, 1.43)

>50 years

8

3.78 (0.32)

3.17 (0.44)

0.1

1.19 (1.14, 1.24)

1st century

10 century
th

20 century
th

20-29 years

26

281

3.67 (0.17)

2.99 (0.17)

0.1

1.23 (1.22, 1.24)

>50 years

36

178

5.31 (0.95)

4.99 (0.73)

0.1

1.06 (1.03, 1.10)

1
p-values derived from a paired t-test comparing vestibular and interdental TCH-index. CI – confidence interval; KN - Krapina Neanderthals;
SD - standard deviation; TCH - tooth-cervical height index.
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Table 3 Percentual TCH–index and interdental-vestibular ratio (I/V) values according to the study group (KN,
1st, 10th and 20th century)
Study group

Age subgroup

Interdental TCH, (%)

Vestibular TCH, (%)

I/V ratio (95% CI)

KN

14-23

100.0

100.0

1.00

1st century

20-29

69.6

45.8

1.52 (1.51, 1.53)

>50

91.1

71.2

1.28 (1.24, 1.32)

10th century

20-29

70.8

40.8

1.74 (1.71, 1.75)

>50

123.3

61.8

2.00 (1.98, 2.02)

20th century

20-29

116.3

60.0

1.94 (1.93, 1.95)

>50

194.2

86.8

2.24 (2.23, 2.25)

CI – confidence interval; KN - Krapina Neanderthals; TCH - tooth-cervical height index.

Table 4 Dental caries according to the study group (KN, 1st, 10th and 20th century), for all age groups together
Study group

Number of teeth examined

Number (%) of teeth with caries

KN

281

0 (0.0)

1 century

860

15 (1.7)

10th century

697

24 (3.4)

20 century

1741

207 (11.9)

st

th

KN - Krapina Neanderthals

(194.2%) in respect to the KN, whereas vestibular resorption in contemporary humans
did not reach the resorption values of KN.
Results for caries lesions are shown in Table 4.
The proportion of decay varied significantly between the study groups (p<0.001).
In teeth from the 1st century, the proportion
of caries lesions was significantly higher
than in KN teeth (1.7% vs. 0%, p=0.029),
while the highest proportion of decay was
observed in teeth from the 20th century
(11.9% vs. 0%, p<0.001).

Discussion
The first skeletal remains, after which the
Neanderthal hominid was named, were
found in 1856 in Neanderthal, a valley in
Germany. In 1899, the first remains of Neanderthal hominids were found by Dragutin
Kramberger-Gorjanović in Krapina, Croatia. Krapina is a town in the north-west Croatia, some 60 km from Zagreb. Most recent
studies on tooth enamel (electron spin reso124

nance) ESR showed that KN lived 130,000
years ago (5). The Krapina diluvium collection contains about 900 bone remains of KN.
A very important segment of this collection
are the remains of 281 teeth (190 single teeth
and 91 teeth still attached to the alveolar
bone). These measurements were made on 54
attached teeth aged ≥14 years where the alveolar bones were not destroyed post mortem.
All skeletons were aged between 3 and 27
years. Alveolar resorption was examined on
the jaws belonging to the 14-23 years group.
This is why the groups from the 1st, 10th and
20th century are divided into two age subgroups of 20-29 and >50 years each. Considering the KN life expectancy of 23 years,
it may have been more prudent to compare
KN with the >50 age group of contemporary
man. The samples of jaws from KN, 1st and
10th centuries were accidental rather than
representative or stratified. All skulls from
the 1st, 10th and 20th centuries had both jaws
well preserved.
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The results of the TCH-index for the 1st,
10th and 20th century humans showed the alveolar resorption to be greater on the interdental septum and smaller on the vestibular
side, as compared with KN. The vestibular
to interdental resorption ratio expressed as a
factor ranged from 2.38 in KN to 1.23 in the
20-29 year group or 1.06 in the age group of
>50 years in the 20th century jaws (Table 2).
If the interdental vs. vestibular values are expressed as 100%, then the interdental to vestibular (I/V) factor KN expressed as a factor
is 1.00. The factor was 1.52, 1.74 and 1.94 for
the 20-29 year group, and 1.28, 2.00 and 2.24
for the >50 year group from the 1st, 10th and
20th centuries, respectively (Table 3).
What do these results imply? Without
the presence of the gingiva, it is possible
to determine to the nearest millimeter the
amount of bone loss from the cementoenamel junction tothe alveolar crest much
more easily than it is possible in patients.
Various methods have been proposed for recording the amount of alveolar bone loss in
skeletal material by measuring the distance
from the cementoenamel junction to the
alveolar crest for each tooth and averaging
them for the arch, arch quadrant, or individual (4, 10, 11).
The loss of alveolar bone by resorption is
the critical event in the pathogenesis of periodontal disease. Bone resorption is a complex process that is morphologically manifested by erosion of the bone surface (Howship’s lacunes) and large multinuclear cells,
osteoclasts. Another mechanism of bone
resorption is the formation of an acidosis
environment, leading to dissolution of the
bone constituent minerals. The mediators
of bone resorption include prostaglandins,
osteoclast activating factor (OAF), lipopolysaccharides (LPS), complement system, interleukins (IL-1, IL-3, IL-6), parathormone
(PTH), macrophage colony stimulating factor (M-CSF), tumor necrosis factor alpha

(TNF-alpha), tumor necrosis factor beta
(TNF-beta) and vitamin D-3 (12).
Severson et al. (13) demonstrated on human autopsy material that the cell count in
the osteogenic part of the periodontium decreased with age. Sarajlić et al. (14) showed
that the process of alveolar resorption on the
labial aspect of anterior monoradicular 845
teeth from 198 male bodies aged 23-69 years
at death, increased with age.
We did not study the morphological relationship of proximal areas in any of the
four groups. The results confirmed the wellknown opinion on plaque retention to be
greater in the interdental space than on the
vestibular side
Löe et al. (15) proved that plaque was the
initial etiopathological agent for the onset of
gingivitis, as known from Müller’s theory of
decay.
Mandel (16) divides the history of periodontology into a number of eras:
- era of calculus (from Hippocrates to
1955.) and after
- era of plaque
- era of host response
- era of bacterial specificity
- era of host – bacterium interaction
- era of transition
- era of regulation and
- era of genetics.
There are several hypotheses on the role
of plaque in the etiology of gingivitis:
- non-specific plaque hypothesis
- specific plaque hypothesis and
- opportunistic plaque hypothesis.
Plaque quantification according to teeth
area was investigation by Lang (17). He
found the highest plaque accumulation on
the distal side of molars, followed by premolars and canine, and least on incisors. The
lower distal surfaces of the teeth were more
severely involved than the upper ones.
Plaqueology is a new field of dentistry,
established in 1969, dealing with the origin,
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development, structure, bacteriology, biochemistry, immunology, control and prevention of plaque (18). During evolution,
the composition of plaque and its quantity
have been changing, particularly in the interdental area, as also demonstrated in the
present study. The recognition of the increasing rate of interdental alveolar bone
resorption during the evolution of man has
a practical, educational as well as preventive value for oral hygiene improvement and
in the struggle against periodontal disease
and decay. In 1998, a symposium on interdental space hygiene was held in Florence,
Italy (17, 19–23). The papers presented were
focused on the role of patient cooperation,
including knowledge, skills, willingness, information – cognitive, instruction – psychomotor, motivation – affective, methods and
techniques.
The method of the TCH index (4) used in
the study is based on linear measurements
taken from a fixed point of the cementoenamel junction to the alveolar bone margin,
and this measurement was equated with
inflammatory bone loss (10, 24–27). The

method should be additionally controlled in
groups or individuals with severe occlusal attrition, as compensatory tooth eruption has
been shown to have likely occurred in such a
condition (28, 29–32). This subsequent tooth
eruption appears to be compensation for the
lost tooth height and an attempt to maintain
vertical dimension of the masticator apparatus. Attrition was not examined in the present study, so it could not be related to compensatory tooth eruption and root exposure.
In the 20-29 year groups, the values of
the TCH-index on the vestibular side were
slightly lower in the 10th than in the 1st century sample. The difference was not statistically significant (Table 2). The values of
TCH-index obtained in the 20th century
sample were significantly higher than those
recorded in the 1st and 10th century samples,
indicating that periodontal disease and dental caries have an increasing trend in modern man.
The results of this study for teeth caries
are shown in Table 4. Decay was not diagnosed on KN teeth whereas on teeth samples from the 1st, 10th and 20th centuries it is

Table 5 Dental caries in some earlier human population (adults only) (33)
Time

Series

Author

Number of
teeth examined

Number (%) of teeth
with caries

70.,00035,000 B.C.

European
Neanderthal

Brothwell

259

0 (0.0)

35,00010,000 B.C

M. Carmel
(Skhul)

Brothwell

523

5 (1.0)

French Neolitic

Hartweg (1945)

11717

379 (3.2)

German Neolitic

Brinch (1949)

1589

27 (1.8)

Swedish Neolitic

Holmer (1956)

6402

91 (1.4)

Danish Neolitic

Pedersen (1939)

3612

56 (1.2)

British Neolitic

Brothwell (1962)

1151

36 (3.1)

Predinastic
Egyptian

Brothwell (1963)

1742

40 (2.3)

China

Mao Yen (1959)

884

38 (4.3)

27879

674 (2.4)

3,0001,000 B.C.

3,0001,000 B.C.
B.C. – Before Christ.
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Figure 4 Hypertaurodontism permanent molar teeth of Krapina Neanderthals (7).

Figure 5 Mandible, age 10-11 years, position crown wisdom tooth (6, 7).

present in 1.74%, 3.44% and 11.89% respectively. When these results for KN and persons from the 1st century are compared to
the results of Brothwell (33), they show very
good complementarity (Table 5).
In Brothwell there was no caries diagnosed on 259 teeth of European Neanderthals, just as there was no caries diagnosed
on the 281 teeth of the KN. Brothwell indicates the life expectancy of European Neanderthal 70,000 – 35,000 years B.C. His results
(33) were published in 1963. At that time life
expectancy of KN was determined by radioactive carbon (C-15) and it was considered
that KN lived earlier than 40,000 – 30,000
years B.C. but the newer method ESR from
1995, showed that KN lived 130,000 years
B.C. (5).
The frequency and distribution of caries
in the mediaeval population (34), from the
10th to 11th century in Croatia on a sample
of 979 teeth, showed recorded caries as in-

terproximal 3.9% (76 teeth), buccal/lingual
1.3% (25 teeth), and on the occlusal surfaces
of a sample of 645 teeth, caries was found in
2.9% (19 teeth).
Some specificities of KN teeth: The term
„taurodont“ was coined by Arthur Keith
1913 (35) to describe the condition of free
roots. Taurodontism is best measured in radiographs and, whilst it may affect all permanent or deciduous cheek teeth, it is most
pronounced in molars. The whole dentition
may be affected, or just a few teeth (1, 36).
Taurodontism is prominent amongst the
Krapina Neandertal specimens (37-39).
Mandible 53, age 10-11, x-ray findings,
if KN had lived some years more, he would
have had the diagnosis – dentitio difficilis
(Figure 5).
Like other Neanderthals, the KN teeth
showed multiple evidence of manipulations
and processing activities in the anterior
teeth. The permanent and deciduous teeth
127
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showed numerous scratches of the incisors
and canines, especially in the upper jaws.
Out of seven specimens predominantly
showing oblique scratches, six exhibited a
right-handed pattern. Combined with other
Neanderthal data, KN showed the frequency of handedness similar to contemporary
humans (40).

Conclusions
A skeletal study was undertaken on the
skulls of KN and 1st, 10th and 20th century
contemporary man of the connection between alveolar bone resorption and dental
caries. Alveolar resorption changes in KN,
1st, 10th and 20th century human tooth samples were assessed by use of the TCH-index
(4). Diagnosis of dental caries was made by
inspection and with a dental probe. The results obtained pointed to the following conclusions:
1. Resorption changes were greater on the
vestibular than interdental side in all jaws
from the four study periods. The greatest
resorption of 6.12 mm was recorded on
the vestibular side in the jaws of KN.
2. During evolution, alveolar bone resorption on the vestibular side was in decrease, as differentiated from resorption
of the interdental septum, which showed
an increasing tendency. In the KN and
20th century samples, this ratio was 2.38
and 1.23 in the 20-29 years subgroup,
respectively, and 1.06 in the 20th century
>50 year subgroup (Table 2).
3. When the ratio of interdental to vestibular (I/V) resorption was expressed as a
factor, it was 1.00 in KN and 1.94 in the
20th century 20-29 year subgroup, and
2.24 in the >50 year subgroup (Table 3).
4. The dynamics of the two more pronounced resorption patterns of the interdental septum relative to the vestibular
side of the alveoli in contemporary man
is a consequence of greater plaque depo128

sition and its pathogenesis in the interdental space than on the vestibular side.
5. Four samples of teeth from four time periods, i.e. the KN who reportedly lived
over 130,000 years ago showed no caries (281 teeth), whereas the teeth from
the 1st century showed 1.74% caries (860
teeth), the 10th century 3.44% caries (697
teeth) and the 20th century 11.87% caries
(1,741 teeth).
6. These findings have a practical, educational and preventive value for oral hygiene improvement, especially of the
interdental space, which should help decrease the prevalence of periodontal disease and dental caries, and improve oral
as well as general health.
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