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INTRODUCTION 

Aggressive periodontitis (AP), and periodontal dis-
eases related to systemic diseases are often found in
children.1-13 Furthermore, it has been demonstrated

that there is a relationship between the prevalence and the
severity of aggressive periodontal diseases at different ages
in the same individual.14-16

The onset and rapid progression of periodontitis in chil-
dren may be facilitated by several factors including an
abnormal periodontal attachment to defective cementum,
which is highly susceptible to microbial invasion and
destruction.17, 18 In fact, cementum hypoplasia or aplasia have
been related to extensive alveolar bone loss in cases with
hypophosphatasia,1-2, 8, 9 adolescent aggressive periodontitis,19

Papillon-Lefèvre Syndrome (PLS),5 and leukocyte adhesion
deficiency (LAD).20 Moreover, it has been suggested that AP
in children with no evidence of systemic diseases or syn-
dromes may be related to undiagnosed hypophosphatasia.4

Very few studies describe the histological characteristics of
teeth of children affected with periodontitis or compare the
histological characteristics of various types of periodontitis
in children. The purpose of the present study was to describe

the histological root surface characteristics of teeth from
children with or without various types of periodontal dis-
eases, and with or without systemic diseases that have been
previously related to periodontal diseases.

MATERIALS AND METHODS
This study was approved by the Institutional Review Board
of the University of Florida and included: a) 30 primary and
2 permanent teeth (from 13 children) with severe periodon-
titis that previously underwent histological examination for
the purpose of pathological assessment; b) 21 primary teeth
(from 9 children) with greater than half of their root still pre-
sent that were extracted after informed consent from the
children and their parents due to severe periodontal disease,
caries or orthodontic reasons. The 53 teeth were classified
based on the absence/presence and type of periodontal dis-
eases22 and absence or presence and type of systemic disease
(Table 1). 

Periodontal disease was recorded when the distance from
the cemento enamel junction to the alveolar crest was > 2
mm and the lamina dura over the alveolar bone crest was
absent.23 In addition, the presence or absence of periodonti-
tis local facilitating factors such as interproximal caries,
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Table 1. Distribution of teeth examined by group characteristics.

CEJ- Lamina dura Local Systemic
Group ABC* over periodontitis condition

Number distance the alveolar facilitating
of teeth bone factors

Control 10 �2 mm Present None Healthy

Chronic 
periodontitis 5 �2 mm Absent Yes Healthy

Aggressive 
periodontitis 16 �2 mm Absent None Healthy

Systemic disease 
periodontitis 22 �2 mm Absent None Unhealthy

*Cementoenamel junction to alveolar bone crest 
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inadequate restorations and evidence of food impaction,23

and the systemic condition of the child were recorded. The
teeth with periodontitis associated to systemic diseases
included 3 teeth from 1 child with Down syndrome, 15 teeth
from 1 child with leukocyte adhesion deficiency, and 1 tooth
each from 4 children with hypophosphatasia; 2 of them
being permanent.

For the purpose of light microscopy, the teeth were firmly
wrapped in gauze, decalcified by suspending the gauze-
wrapped specimens in a constantly stirred EDTA solution,
dehydrated and embedded in paraffin. Consecutive sections
of 7 micron thick were cut in the buccal-lingual plane,
mounted on glass slides and stained with hematoxylin and
eosin. Preliminary data demonstrated that the minimal
length and depth of the cementum abnormal resorption lacu-
nae was 9 and 20 microns respectively. Therefore, we con-
cluded that 7 microns sections were small enough to include
all the root resorption areas present.

The light microscopy examination of the primary teeth
included the root surfaces which were not located adjacent to
the permanent successor, i.e., the mesial surface of the
mesial root of a mandibular first molar that was not expected
to be affected by the physiological root resorption. The fol-
lowing histological features were recorded, when present in
one or more histological sections per tooth: a regular cemen-
tum layer (Figure 1); areas of thicker or narrower than nor-
mal cementum layer (Figure 2); cementum aplasia (Figure
3); root resorption lacunae (Figures 1 and 2). The root
resorption areas were characterized based on the classifica-
tion by Henry and Weinmann,24 modified by Bimstein et al:25

a) active resorption, when a resorption line and cementoclast
were located in the resorption lacunae; b) active repair, when
cementum, a cementoid layer and cementoblasts were pre-
sent over an area that had been resorbed; c) aplastic state,
where active resorption had ceased and cementum deposi-
tion had not begun; d) anatomic repair, when the root surface
had been restored to its original form following previous
resorption; e) functional repair, when the cementum had
been restored without the original outline of the root; 

f) alternate resorption and repair, when > 1 resorption area
was evident, the outermost resorption encroaches repaired
formerly resorbed areas, and a mosaic pattern was produced
by alternating resorption and repair areas. 

For the statistical analysis a standard statistical computer
program (JMP, version 5, 1989-2002, SAS Institute Inc.
Cary NC, USA) was utilized. Analysis of variance (ANOVA)
was used to examine the statistical significance of the dif-
ferences in distribution of the abnormal cementum width
areas, presence and types of abnormal root resorption types
by the periodontal or the systemic conditions.

RESULTS
The distribution of cementum width characteristics by the
periodontal and the systemic conditions is presented in Table
2. Analysis of the distribution of cementum width irregular-
ities by the periodontal condition indicated statistically sig-
nificant differences (ANOVA, p=0.03): a regular cementum
layer was evident in 100% of the control and chronic peri-
odontitis teeth, in 62.5% of the teeth with aggressive peri-
odontitis, and in 63.6% of the teeth from children with a sys-
temic disease. Cementum aplasia was found only in children
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Figure 1. Histological section of the root surface of a primary tooth
showing a regular cementum layer and abnormal active root resorp-
tion involving the cementum and dentin (H & E, original magnifica-
tion X 100).

 
Figure 2. Histological section of a root surface of a primary tooth
showing a areas of cementum narrowing and abnormal root resorp-
tion (H & E, original magnification X 100).

 

Figure 2. Histological section of a root surface of a primary tooth
showing a areas of cementum narrowing and abnormal root resorp-
tion (H & E, original magnification X 100).
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with a systemic disease related periodontitis Analysis of the
distribution of cementum width characteristics by the vari-
ous systemic conditions indicated statistically significant
differences (Table 2, ANOVA, p=0.0001): cementum aplasia
was found only in the children with hypophosphatasia, areas
of narrower than normal cementum were found in 16.3% of
the teeth from children with no systemic diseases, 66.7% of
the teeth from the child with Down syndrome, and 13.3% of
the teeth from the child with LAD. 

The distribution of teeth with abnormal resorption lacu-
nae by the periodontal and the systemic conditions is pre-
sented in Table 3. Statistical analysis of the differences in
distribution of abnormal resorption lacunae of the periodon-
tal or systemic condition indicated statistically not signifi-
cant differences (ANOVA, p>0.05).

DISCUSSION
Cementum defects may result in an abnormal attachment,
which is highly susceptible to invasion by periodontal
pathogens.17, 18 Therefore, defective cementum has been
related to the extensive attachment loss that takes place in
cases of hypophosphatasia, in which cementoblasts may
either fail to develop or are incapable of elaborating an
organic matrix which can calcify.1, 2, 8, 9 The present finding of
cementum aplasia in primary and permanent teeth from chil-
dren with hypophosphatasia is consistent with previous ones
that indicate that in children with hypophosphatasia 
the severe periodontal disease is related to a lack of cemen-
tum.1-3, 8, 9  The fact that the cementum aplasia is found in the
whole root of the teeth from children with hypophosphata-
sia, regardless if the whole root is already affected or not by
the periodontal disease, supports the concept that cementum
aplasia is an etiologic factor for the establishment of peri-
odontitis and not its consequence. Cementum aplasia has
been previously described to be present in adolescents with
aggressive periodontitis,19 in the present study however,
cementum aplasia was limited to the teeth from the children
with hypophosphatasia.

Previous findings suggest that root surfaces of primary
teeth from children with systemic diseases, such as LAD or
PLS may have cementum hypoplasia or aplasia.5, 20 The pre-
sent findings confirm that areas of cementum narrowing
may be found in teeth from children with LAD and Down
syndrome. However cementum narrowing was also found in
children with no evidence of systemic or periodontal dis-
eases. Therefore we may consider that cementum hypoplasia
may be related to at least 3 possibilities: a) a relatively
benign undisclosed systemic disease which affects the
resorption-deposition of the cementum; b) a genetic pattern,
as indicated by the evaluation of members of the same fam-
ily;4, 12, 26, 27 c) the cementum layer being affected by periodon-
tal disease as may be observed in Figure 2; cementum nar-
rowing or complete resorption most likely will facilitate the
rapid progression or recurrence of the periodontal disease. 

Previous manuscripts report the presence of resorption
lacunae in primary teeth affected with AP28, 29 or hypophos-
phatasia,2, 3, 8 and in permanent teeth affected with aggressive
periodontitis,19, 30 periodontitis related to LAD,26 and chronic
neutropenia,6 indicating that resorption lacunae are common
findings when extensive alveolar bone loss takes place. The
present finding that abnormal resorption lacunae was evi-
dent mostly in teeth from children affected with aggressive
periodontitis and severe periodontitis associated with
hypophosphatasia and LAD is consistent with previous find-
ings. The fact that resorption lacunae was also found in con-
trol teeth, may be related to ectopic eruption of an adjacent
permanent tooth.31

Radiographic evidence of atypical root resorption of
deciduous teeth has been previously reported in children
with hypophosphatasia and in otherwise healthy children
with AP.8, 12, 25, 28, 29, 32 However, the atypical root resorption is
not a common finding, and even in cases where it takes place
it does not affect every tooth or even every root in the same
tooth.12, 25 These findings suggest that atypical root resorption
of primary teeth may take place in the areas affected by
severe periodontal disease in which the cementum repair is
unable to compensate for the resorption.

Table 2. Number of primary teeth with the various cementum
width characteristics by the periodontal and systemic
conditions.

Cementum width characteristics

Normal Areas Areas Absent
narrower wider 

than than
normal normal

Periodontal Control 10 0 0 0

condition* ChP* 5 0 0 0

AP** 10 5 1 0

PS*** 14 4 0 4

Systemic Healthy 25 5 1 0

condition** LAD**** 13 2 0 0

Hypophosphatasia 0 0 0 4

Down syndrome 1 2 0 0

*Chronic periodontitis, **aggressive periodontitis, 
***periodontitis associated with a systemic disease, 
****leucocyte adhesion deficiency.

Table 3. Number of primary teeth with or without root resorption
lacunae in the root surface not adjacent to the permanent
tooth, by the periodontal and systemic conditions.

Abnormal root resorption

Present Absent

Periodontal Control 2 8
condition* ChP* 4 1

AP** 5 11
PS*** 9 13

Systemic Healthy 11 20
condition* LAD**** 5 10

Hypophosphatasia 2 2
Downs 2 1

*Chronic periodontitis, **aggressive periodontitis, 
***periodontitis associated with a systemic disease, 
****leucocyte adhesion deficiency.
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CONCLUSION
Cementum narrowing or cementum aplasia may be related to
the establishment, severity and progress of periodontitis in
children. 
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