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Abstract

In bioarchaeological studies dental root exposure is often used as a marker of periodontal disease; these studies are based
on classical methods assuming alveolar resorption as the only (or the main) cause of root exposure. However, several papers
suggested that root exposure depends not only on alveolar resorption, but also on other mechanisms. Continuous eruption
and compensatory eruption might also cause root exposure in absence of periodontal disease. We investigated this topic on
a skeletal sample from the medieval cemetery of Pieve di San Pancrazio in Sestino (Arezzo, Italy). We collected data on root
exposure, dental wear and alveolar bone status on permanent mandibular teeth of individuals from juvenile to senile and
tested the relationship among these features. The results show that root exposure strongly correlates with dental wear, also
in absence of morphological markers of periodontal disease. In our sample, the use of root exposure as a marker of
periodontal disease led to a mis-diagnosis in 10% to 50% of the teeth. For assessment of periodontal disease, we encourage
the use of methods based on alveolar bone morphology, which allow discriminating periodontal disease independently of
root exposure.

Keywords: periodontal disease; root exposure; compensatory eruption
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Introduction

Teeth and jaws are probably the most informative
anatomical regions of the human skeleton. They
provide information on many different aspects:
taxonomy and evolution (1-6), genetic distance
among populations (7-9), paleodemography
(10,11), development and life history (12-15), diet
(16-18), cultural practices (19-23).

Dental and oral pathologies are of particular
relevance to anthropological research, because
they are reflective of the health status and health-
related quality of life of an individual (24-27).
Thus, they are used to infer the health status of
single specimens (3, 28), as well as to investigate
their prevalence in past species or populations
(24,29-31). Also, they can provide information on
social differences among groups (32-36) or
temporal changes in socio-economic conditions
(37-39).

Periodontal disease is among the most common
(and among the most commonly analyzed) oral
pathologies. It is the result of the body’s immune
response to the infection of the periodontium
(40), the supporting structure of teeth. When
bacteria from the dental plague invade the
gingival space, the infection produces an immune
response, resulting in inflammation of the tissues
and alveolar bone loss (41). Chronic periodontal
disease can lead to the loss of the affected tooth.
Its association with risk of morbidity and mortality
from other diseases (24,40,42,43) makes the
periodontal disease a good indicator of general
health status in past populations.

The first methods for the assessment of
periodontal disease in skeletal materials were
based on the measurement of root exposure,
assuming that root exposure > 2 mm was
indicative of a pathological condition (44,45).
Some problems with these methods arose when,
starting from the 1980s, several works suggested
that various mechanisms, other than alveolar
resorption, could be responsible for root
exposure (46-50). In particular, continuous and
compensatory eruption can lead to root exposure
in absence of any pathological condition.
Continuous eruption occurs gradually throughout
the whole life of an individual, while
compensatory eruption occurs in response to
extreme dental wear (51,52 and citations
therein). Both deposition of cementum at the
apex of the roots and remodeling of alveolar bone
(with migration of the socket) contribute to the
process (51).
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To overcome these problems, new methods for
the assessment of periodontal disease have
been developed (52-54). Periodontal disease is
assessed on the basis of the (micro- and/or
macro-) morphology and texture of the alveolar
bone, not considering root exposure.
Nevertheless, many authors still use methods
based on root exposure (24,55-58).

This paper aims to test the validity of root
exposure as a marker of periodontal disease. In
doing so, we investigated the relationship among
root exposure, alveolar bone morphology, and
dental wear, in an archaeological sample.

Materials and methods

The sample analyzed comes from the medieval
cemetery of the Pieve di San Pancrazio (Sestino,
AR, Tuscany, Italy). The Pieve di San Pancrazio
is mentioned for the first time in a document of
the 12th century A.D. (but some architectural
remains seem to date back the rural church to the
9th and 10th centuries A.D.) (59). The cemetery
was excavated in the 1980s and 1990s by the
former Soprintendenza Archeologica della
Toscana.

Figure 1. Root exposure was measured with a sliding
caliper, on the labio/buccal side of the tooth. In single-
rooted teeth, we measured the distance from the alveolar
margin to the CEJ, over the midline of the root (red line on
the second premolar). In multi-rooted teeth we measured
the same distance on the distal root (red line on the first
molar).

Human remains from this cemetery are very well
preserved and represent a suitable skeletal
collection for studies about skeletal biology and
dental anthropology. Previous works provided
sex and age estimates (60, 61). Using standard
methods (62), sex was assessed by pelvic and
cranial morphology, whereas age was estimated
by dental development in subadults and by the
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Figure 2. Alveolar bone status vs root exposure. The boxplots show the variation of root exposure for the four classes of
alveolar bone status (52). Class 1 represents healthy alveolar bone. The black line is the median of the distribution; the
box encloses the interquartile range (1st to 3rd quartile); whiskers extend to the most extreme data point which is no

more than 1.5 times the interquartile range from the box.

morphology of auricular surface and pubic
symphysis in adults.

We selected 26 mandibles belonging to 11 adult
females, 10 adult males and 5 subadults. We
analyzed only erupted permanent teeth, from
both emi-arches. The sample ages range from
subadult to senile. In this way we maximized
tooth wear range for each tooth. The dental
sample is summarized in table 1.

For each tooth we measured root exposure,
scored dental wear, and assessed periodontal
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disease by alveolar bone status. Root exposure
was measured, with a sliding calliper, on the
labio/buccal side from the alveolar margin over
the midline of the root, perpendicular to the
cemento-enamel junction (CEJ), Figure 1 (45).
Dental wear was analyzed by visual inspection of
the occlusal surface of each tooth, and scored
with an 8-grade scale by comparison with a
reference chart, specific for tooth class (incisor or
canines, premolars and molars) (63).
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Periodontal disease was evaluated by visual
inspection of the conditions of the alveolar bone
and scored by the 4-grades scale proposed by
Ogden (52). This method is based on the
observation of the buccal surface of alveolar
bone.

The absence of disease (grade 1) is assessed
when “alveolar margin meets tooth at a knife-
edged acute angle”; mild periodontitis (grade 2)
is present when “alveolar margin is blunt and flat-
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(moderate periodontitis), “alveolar margin is
rounded and porous, with a trough of 2—4 mm
depth between tooth and alveolus”; eventually, in
grade 4 (severe periodontitis), “alveolar margin is
ragged and porous, with an irregular trough or
funnel > 5 mm depth between tooth and alveolus”
(52, p.293). In this scoring root exposure is
completely irrelevant to the diagnosis.

Statistical analysis was conducted using R
version 4.0.3 (64). The focus of this paper is on
the mechanism of bone resorption and we are not
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Figure 3. Dental wear stage vs root exposure. The boxplots show the variation of root exposure for the eight classes of
dental wear stage (60). The black line is the median of the distribution; the box encloses the interquartile range (1st to
3rd quartile); whiskers extend to the most extreme data point which is no more than 1.5 times the interquartile range

from the box.
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interested in prevalence differences between
sexes or age classes; therefore, we analyzed the
entire sample with pooled ages and sexes.

This, also allowed us to increase the sample size.
We analyzed each tooth type separately (i.e. I1,
12, C, P3, P4, M1, M2, M3) and merged by tooth
class (incisors, canines, premolars and molars).
We investigated the relationship among root
exposure (dependent variable), dental wear
(independent variable) and alveolar bone status
(independent variable), using a multiple linear
regression (65).
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Then, we subsampled only those teeth with a
healthy alveolar bone (i.e. alveolar bone status
scored as 1), to investigate whether the
relationship between dental wear and root
exposure holds true. On this selected dataset we
ran a simple linear regression (only by tooth class
because of the low numbers) with root exposure
as the dependent variable and dental wear as the
independent variable.

In all analyses, we used boxplots to graphically
visualize the relationship between root exposure
and dental wear/alveolar bone status.
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Figure 4 Dental wear stage vs root exposure in a subsample of only teeth with healthy alveolar bone. The boxplots show
the variation of root exposure for the eight classes of dental wear stage (60). The black line is the median of the
distribution; the box encloses the interquartile range (1st to 3rd quartile); whiskers extend to the most extreme data point
which is no more than 1.5 times the interquartile range from the box.
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Results

For reasons of space, here we present only the
boxplots of the sample merged by tooth class,
since the patterns of the boxplots by tooth type
are similar. All the boxplots show a clear
relationship between root exposure and alveolar
bone status (Figure 2) as well as between root
exposure and tooth wear stage (Figure 3). In
some cases, such as for the canines in figure 3,
the pattern is less clear. This is probably due to
the low numbers in some classes, but, in general,
teeth with severe wear or with poor alveolar bone
status have roots more exposed.

The multiple linear regression by tooth type
confirms positive correlations (i.e. positive t-
values) in all cases, although only for dental wear
they are significant in most cases (6/8); on the
other hand, correlations with alveolar bone status
have a p-value < 0.05 only in the case of central
incisors (Table 2).

The lack of diffuse significance might be partly
due to the sample size. Indeed, if we merge teeth
by class, stronger correlations with root exposure
emerge also for alveolar bone status (Table 3).

Table 1. The sample analyzed, by tooth type and class.

N N
Tooth type | Tooth class by tooth by class
11 38
Incisors 80
12 42
C, Canines 43 43
P3 47
Premolars 93
P4 46
M1 37
M2 Molars 39 106
M3 30
If our hypothesis, that continuous and/or

compensatory eruption can be responsible for
root exposure in absence of periodontal disease,
it is correct, then the correlation between root
exposure and dental wear stage should be
present in a sample with healthy alveolar bone.
Thus, we selected only individuals for which
alveolar bone status was scored as 1 and
obtained a new sample, as presented in table 4.
Since the numbers are relatively low, we
analyzed only teeth merged by class. Although
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the sample is far from an ideal one, still roots are
more exposed in teeth with higher wear stage
(Figure 4). Also simple linear regression confirms
the positive correlations, with p-values << 0.05in
all teeth except incisors (Table 5).

Table 2. Results of the multiple linear regression for each
tooth. Significance codes: ***<0.001; **<0.01; *<0.05.

t-value p-value t-value p-value
11 P4
wear | 0.169 0.8678 wear | 7.904 4.16-09
aneo | 5 445 0.0273* alveo | 0,758 0.454
12 M1
wear 9.042 1.85e-07 *** wear 4.874 5.72e-05 ***
aneo | 5 445 0.248 aveo | 0924 0.365
c M2
wear | 5.048 9.92e-05 wear | 2.024 0.052284 .
Iau"s’e" 1.569 0.135 Iau"s’” 3.735 0.000817 ***
P3 v3
wear | 3.911 0.00075 *** wear | 3.268 0.00326 **
ﬁge‘l 1.388 0.17897 lau"s’e" 1.832 0.07939

Eventually, we estimated how many teeth with
healthy alveolar bone have the root exposed for
more than 2 mm. Many of the studies that
consider root exposure as a marker of
periodontal disease, place the threshold for the
diagnosis of periodontal disease at 2 mm
(24,32,44,55). The results presented in table 6,
show that in many cases (from ~10% of the
molars to the 50% of the canines) teeth with
healthy alveolar bones can have roots exposed
for more than 2 mm.

Discussion

Our results demonstrate that both alveolar bone
status and tooth wear stage correlate with root
exposure. Alveolar bone status is considered by
many the most reliable marker of periodontal
disease (46,51,52). Its correlation with root
exposure is not unexpected, because alveolar
bone resorption (leaving roots exposed) is the
outcome of periodontal disease (40,41).

On the other hand, the correlation with dental
wear stage, points towards other physiological
mechanism as co-responsible for root exposure,
i.e. continuous and/or compensatory eruption
(46,51,52). The effect of continuous
/compensatory eruption is also confirmed in the
sample including only healthy alveolar bone. This
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is a problem when assessing periodontal disease
by root exposure in human skeletal remains,
since root exposure can be misleading for the
diagnosis.

Usually, in studies considering root exposure as
a marker of periodontal disease, the cutoff for the
diagnosis is 2 mm (24,32,44,55). In our sample,
from ~10% to 50% of the teeth with healthy
alveolar bone have the root exposed more than 2
mm. Half of the healthy canines, in our results,
show root exposure above 2 mm, thus the
diagnosis of periodontal disease based on 2 mm
root exposure threshold for this tooth can lead to
a higher chance of a misdiagnosis. Molars,
instead, show less root exposure in healthy cases
but still it is possible to diagnose incorrectly 1 out
of 10 cases. One may wonder if the diagnosis of
periodontal disease through root exposure could
still be valid in a sample with unworn teeth.
Following this hypothesis, some works (e.g. 58)
exclude from the analysis specimens with
excessive wear. As we can see in figure 4, teeth
with low wear stages are less likely to have the
root exposed more than 2 mm than teeth with
higher wear stage. Nonetheless, when we
consider only specimens with healthy alveolar
bone and wear stage 1 in our sample, the risk of
misdiagnosis of periodontal disease remains
high. In our sample, 21 teeth have healthy
alveolar bone and wear stage 1; of these, 4/21
(19%) have roots exposed more than 2 mm. This,
in turn, suggests that root exposure is linked to
other factors excluding pathological origins and
mechanical stress. Therefore, we recommend
avoiding using this method in future
paleopathological research even in samples with
low dental wear.

Conclusion

Our study confirms that root exposure is linked to
periodontal disease and to other physiological
mechanisms (continuous and compensatory
eruptions). Root exposure cannot be considered
a good marker of periodontal disease and can
lead to mis-diagnosis, even in absence of severe
dental wear. We suggest that caution is needed
when assessing periodontal disease from root
exposure and we encourage the use of methods
based on alveolar bone morphology, which allow
discriminating periodontal disease independently
of root exposure (52-54).
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Table 3. Results of the multiple linear regression for teeth

merged in classes. Significance codes:  ***<0.001;
*%*<0.01; *<0.05.
t-value p-value

Incisors

wear 2.952 0.00578 **
alveolus 2.104 0.04311*
Premolars

wear 7.137 1.72e-09 ***
alveolus 1.863 0.0675
Molars

wear 6.145 2.66e-08 ***
alveolus 4.295 4.72e-05 ***

Table 4. The selected sample, by tooth type and class,
including only teeth with healthy alveolar bone.

N N

Tooth type | Tooth class by tooth | by class
11 9

Incisors 16
12 7
cC. Canines 12 12
P3 11

Premolars 28
P4 17
M1 10
M2 Molars 9 29
M3 10

Table 5. Results of the simple linear regression for only
teeth with healthy periodontal bone. Significance codes:

*#%<0.001; **<0.01; *<0.05.

t-value p-value
Incisors
wear 1.852 0.0852
Canines
wear 5.841 0.000164 ***
Premolars
wear 2.921 0.00712 **
Molars
wear 3.269 0.00294 **
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Table 6. Percentage of teeth with root exposure > 2 mm.

The table refers to the sample with healthy alveolar bone.
Tooth class | N | root exposure >2 mm | %
Incisors 16 |6 37.5
Canines 12| 6 50.0
Premolars 28|11 39.3
Molars 293 10.3
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