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Periapical and endodontic status of permanent teeth
in patients with hypophosphatemic rickets
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SUMMARY Hypophosphatemic rickets (HR) is a rare
hereditary disease in which dental problems in
terms of spontaneous periapical infections are
frequently reported. Most previous reports have
been based on a small number of HR patients and
have been published before the disease could be
confirmed genetically. The aim of the present study
was to describe the periapical and endodontic status
of permanent teeth in patients with genetically
and/or biochemically confirmed HR. The patients
were recruited from a medical study on HR patients.
The patients underwent a dental examination
including a digital panoramic radiograph, which
was scored for endodontically affected teeth (i.e.
teeth with periapical radiolucencies and/or endo-
dontically treated teeth). A total of 52 patients (age
range: 57-74'5 years; 17 males and 35 females) were
included. HR patients were characterised by a high

number of endodontically affected teeth (mean: 4-2;
s.d.: 5-0). The number of affected teeth rose signif-
icantly with age (P < 001), and no statistically
significant gender difference was found. The relative
distribution of endodontically affected teeth in the
three tooth groups (incisors and canines, premolars,
and molars) varied according to age. In the youngest
age group, only incisors and canines were affected,
while the relative proportion of affected premolars
and molars increased with age. Endodontically
affected teeth are common in HR patients, and the
number of affected teeth increased significantly
with age. Hence, the need for endodontic treatment
among HR patients is comprehensive.
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Introduction

Rickets is primarily known as a disease caused by
nutritional deficiencies of vitamin D or calcium, but
rarely the disease is hereditary caused by inborn genetic
disorders. Hypophosphatemic rickets (HR) is the most
common type of hereditary rickets with a prevalence of
4-8 per 100 000 (1) in Denmark. The most predominant
type is inherited in an X-linked fashion and caused by
mutation in the gene encoding for the phosphate-
regulating endopeptidase homolog, X-linked (PHEX),
identified in 1995 (2).
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The literature on dental manifestations in HR
patients consists of more than 60 case reports or case
series with small numbers of cases of which, how-
ever, only a few have been published in 2000 or later
(3-16). Thus, many studies were performed before
the genetic analysis was available. The genetic anal-
ysis unravels the underlying disease mechanism and
confirms the diagnosis of HR. The HR diagnosis may
be distinguished from other hereditary and acquired
forms of hypophosphatemia by reassuring a history of
rickets in addition to clinical and biochemical diag-
nostic criteria. In many papers, the diagnosis of HR
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was based on the following two criteria, only: (i) a
history of rickets, (ii) persistence of reduced levels of
PO, and TPO4/GFR; or clinical symptoms and radio-
logical signs of rickets. Resort to these criteria makes
it likely that rickets of other types than HR may have
been included (16-22). In only one paper was the
diagnosis genetically confirmed by identification of a
mutation in PHEX in 11 of the 48 patients studied
(11). In addition, several papers state their study
population to be X-linked hypophosphatemic rickets
patients without any genetic analysis being per-
formed.

Periapical problems are a commonly reported finding
in patients with rickets, and presents special challenges
to the general dental practitioner both in terms of
diagnosis and treatment due to spontaneous periapical
infections and mineralisation abnormalities of the
dentine, which may compromise the prognosis of
endodontic treatment.

The purpose of the present report was to describe the
periapical and endodontic status of permanent teeth in
patients with genetically and/or biochemically con-
firmed HR.

Materials and methods

Study population

The patients described in this report were recruited
from a medical cross-sectional study on hereditary
rickets in Denmark (23). As the study has been
described in detail elsewhere, only a brief account of
the method of patient inclusion is given in this paper.
Originally, the patients were identified in the Danish
National Patient Registry by a search based on the
diagnosis codes of vitamin D-resistant rickets. The
inclusion area was Jutland and Funen, covering
approximately 3-0 million inhabitants and thereby
55% of the total Danish population. The diagnosis
was confirmed by review of the patients’ medical
files. By contacting the treating doctors, we identified
patients with HR who did not appear in the register.
Finally, family screening added additional cases. The
diagnostic criteria of HR were genetically verified HR
and/or biochemically verified HR. Biochemical crite-
ria of HR were at least one of the following
parameters: serum phosphate below normal range,
low renal threshold value for reabsorption of phos-
phate in the urine, or elevated fibroblast growth
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factor 23. In addition, a history of childhood rickets
or spontaneous dental abscesses was required. Only
patients with verified HR were included. Patients with
secondary rickets due to malabsorption or tumour-
induced osteomalacia, or patients with hereditary
vitamin D-dependent rickets type 1 were excluded.
Figure 1 shows a flowchart describing the recruitment
of patients.

Radiographic examination

All patients were given a clinical and a radiographic
dental examination at the School of Dentistry, Aarhus
University. Only the findings from the radiographic
examination are reported here.

The radiographic examination included a digital
panoramic radiograph taken in a ProMax unit*. Expo-
sure parameters were adjusted to the individual
patient. If the image of the permanent teeth was
blurred, supplementary digital intraoral radiographs
were taken of these teeth using a GX 1000 dental X-
ray unit® with rectangular collimation. We used a
sensor (Sidexis') for anterior teeth and a photostimu-
lable phosphor plate (Digora, FMX scannerS) for
posterior teeth. Receptor holders were used for all
intraoral radiographs. The radiographs were viewed on
a 19” monitor placed in a dark room. The panoramic
images were assessed in the Dimaxis Pro software
(version 4-2-0), whereas the intraoral radiographs were
assessed using a general software with facilities to
adjust brightness, contrast, gamma curve, and magni-
fication. All image enhancement facilities could be
used as wanted.

The radiographs were examined for endodontically
treated permanent teeth and periapical radiolucencies
(apical periodontitis). All teeth were viewed individ-
ually. The criteria for assessment of endodontic
treatment were the presence of radiopaque root filling
material in the root channel and/or radiopaque
retrograde filling material at the apex of
the tooth. A diagnosis of apical periodontitis was
based on a clear, radiolucent lesion surrounding the
apex of the tooth. This will roughly correspond to a

root

*Planmeca, Helsinki, Finland.
tGendex, Des Plaines, IL, USA.
*Sirona, Bensheim, Germany.
SSoredex, Helsinki, Finland.
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Patients identified by
register search

Participants identified by contact
with treating doctors

Diagnosed, but not recorded as HR in registers

Participants identified by
family screening
Relatives suspicious of hereditary rickets

dental study
(Children: n = 16, adults: n = 36)
n=>52

n=14 n=31
\\4
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Eligible but not recruited to I Total hr patients | * Not rickets 15
dental study
() 2 n=59
* Refused to participate 4 > n=7
* Failed to appear 1 - \'\4
* No eruption of permanent teeth 2 Total recruited to

Fig. 1. Flow diagram showing patient inclusion (VDDR, vitamin D-dependent rickets type 1; TIO, tumour induced osteomalacia).

periapical index (PAI) score of 3, 4, or 5 (24). The
radiographic assessments were performed by one
examiner (MGA) after three rehearsal sessions, to-
gether with an experienced dento-maxillofacial radi-
ologist (HH).

Only findings relating to permanent teeth are pre-
sented as the number of children with only deciduous
teeth was very low (n = 2).

Statistical analysis

The following variables were calculated:
Variable 1: endodontically treated teeth without peri-
apical radiolucency.
Variable 2: Endodontically treated teeth with periapi-
cal radiolucency.
Variable 3: Teeth with periapical radiolucency, but
without endodontic treatment.
Variable 4: Endodontically affected teeth as the sum of
the variables 1-3.
The data were summarised using mean, standard
deviation (s.d.), median, and first and third quartile.
Differences between genders were tested using
Mann-Whitney U-test and differences between age
groups were tested using Kruskal-Wallis test. The level
of significance (o) was set at 0-05.

Ethical approval

The study was approved by the Ethics Committee of
Southern Denmark (record #M-2678-05) and by the
Danish Data Protection Agency (record #2008-41-
2187). Written informed consent was obtained from
all patients and/or their parents.

Results

The medical cross-sectional study included 21 children
(<18 years) and 38 adults with HR (Fig. 1). The present
study excluded seven of these patients: five patients
declined participation or did not appear at the dental
examination and two children had no permanent teeth
erupted. Thus, a total of 52 HR patients (age range: 5-7—
74-5 years) underwent dental examination. Among
these patients, a disease-causing mutation in PHEX
was identified in 37 (71%). In one family, which
accounted for 12 (23%) of the patients, the mode of
heritage was X-linked dominant and a genome-wide
linkage scan revealed strong evidence of linkage to
locus, PHEX (23). In three patients (6%), no gene
mutations were identified. Table 1 depicts the patient
distribution according to age and gender and number of
permanent teeth present.
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Table 1. Distribution of 52 patients with HR according to age and gender, and descriptive statistics of number of permanent teeth present

<18 years 18-39 years 40 + years All
Gender
Females 11 11 13 35
Males 5 7 17
Both 16 16 20 52
Number of permanent teeth present
Mean (s.d.) 15-8 (10-4) 257 (5°5) 214 (7-2) 210 (87)
Median (first and third quartile) 14-0 280 240 250
(4-5; 27-0) (26:0; 28-0) (19-3; 26°8) (15-3; 28-0)

Table 2. Descriptive statistics of number of endodontically treated permanent teeth with and without periapical radiolucency, number of
permanent teeth with periapical radiolucencies, but without endodontic treatment, and number of endodontically affected teeth in 52

patients with HR rickets

Variable 1:
endodontically
treated teeth
without periapical

Variable 2: Variable 3:

endodontically teeth with periapical

treated teeth radiolucencies, but Variable 4:
with periapical without endodontic endodontically

Age radiolucencies radiolucencies treatment affected teeth
<18 years
Mean (s.d.) 03 (07) 0 (0:0) 01 (03) 0-3 (09)
Median (first and third quartile) 0-0 (0-0; 0-0) 0:0 (0-0; 0-0) 0:0 (0-0; 0-0) 0-0 (0-0; 0-0)
18-39 years
Mean (s.d.) 24 (3-4) 0-9 (1-4) 03 (0-8) 36 (3:9)
Median (first and third quartile) 1:0 (0-0; 3-8) 0:0 (0-0; 1-0) 0:0 (0-0; 0-0) 30 (0:0; 6°5)
40 + years
Mean (s.d.) 57 (4+4) 10 (15) 12 (31) 7-8 (53)
Median (first and third quartile) 45 (2:3; 9'5) 0:0 (0-0; 1-8) 0:0 (0-0; 0-8) 7:0 (3:0; 12:8)
All
Mean (s.d.) 30 (40) 06 (1-3) 06 (2:0) 42 (5-0)
Median (first and third quartile) 1:0 (0-0; 4-8) 0:0 (0-0; 1-0) 0:0 (0-0; 0-0) 205 (0-0; 7-0)
. . (156)
The number of endodontically affected teeth was 100%
strikingly high (Table 2). No statistically significant
difference in affected teeth was found between males 80% <
and females (P = 0-09). The number of affected teeth 60%
rose significantly with age (P < 0-01) with a median
number of affected teeth varying from 0 for patients 40%
aged less than 18 years to 7-0 for patients aged 40 + 20%
years. In addition, the inter-individual variation in the ’
number of endodontically affected teeth was large with 0%

interquartile ranges of 6-5 and 9-8 in the two oldest age
groups (18-39 and 40 + years).

Figure 2 describes the variation according to age in
the relative distribution of endodontically affected teeth
in the three tooth groups (a: incisors and canines; b:
premolars; ¢ molars). In the youngest age group
(<18 years), only incisors and canines were affected,

© 2011 Blackwell Publishing Ltd

<18 Years 18-39 Years 40+ Years

B Incisors and canines Premolars ® Molars

Fig. 2. Relative distribution of 218 endodontically affected teeth
on three tooth groups (a: incisors and canines; b: premolars; c:
molars) according to age in 52 patients with HR. The total number
of endodontically affected teeth in each age group is given in
parenthesis above each column.
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Fig. 3. Panoramic radiograph of a 22-year-old male with HR showing a dentition with nine teeth with endodontic treatment (16, 11, 21,
22,27,43, 42, 41, 31), four of which has periapical radiolucencies (21, 22, 42, 31). One premolar had been extracted due to complication

during endodontic treatment.

while the relative proportion of affected premolars and
molars rose with age. Figure 3 illustrates the typical
distribution of the endodontically affected teeth in a
22-year-old male.

In the youngest age-group (<18 years) a total of five
endodontically affected teeth were found. One of these
was a lower lateral incisor with a periapical radiolu-
cency, but no endodontic treatment, and four
were endodontically treated teeth without periapical
radiolucencies. The proportion of endodontically
affected teeth with periapical radiolucencies [(variable
2 + variable 3)/variable 4] was 33 % for 18-39 year olds
and 28% for patients 40 + years of age. The proportion
of endodontically treated teeth with periapical radiolu-
cencies [variable 2/(variable 1 + variable 2)] was 27%
and 14% for patients aged 18-39 and 40 + vyears,
respectively.

Discussion

The main finding of this paper is that it documents
previous claims of a high number of endodontically
affected teeth in HR patients. Only incisors and
canines were endodontically affected in the younger
patients, while number of affected posterior teeth rose
with age.

Comparison of the data from the present study with
data from a recent radiographic study of the periapical
and endodontic status of a representative sample of
healthy Danish adults (25) is complicated by the fact
that our data were based on panoramic radiography,

while data in the study by Kirkevang ef al. were based
on a 14-film periapical radiographic status. We used a
diagnostic threshold presumed to be equivalent to a
PAI score of 3 or higher, which is equivalent to the
diagnostic threshold used by Kirkevang ef al. (25).
However, the difference in radiographic methodology
may still bias our results towards an underestimation of
periapical radiolucencies. Furthermore, the study by
Kirkevang et al. (25) did not include individuals below
the age of 20 years. As our study included one
18-year-old, we recalculated our data after exclusion
of this patient in order to allow comparison with the
reference material.

The mean number of endodontically treated teeth
(with or without periapical radiolucencies) in the 15
HR patients aged 20-39 years was 3-2; a number that
was considerably higher than in the reference mate-
rial (mean: 06) (25).
between the present study and the reference material

Considerable ditferences
were also found for the oldest age groups (40 +
years) (6'7 versus 1-8). Thus, endodontic treatment is
comprehensive in HR patients compared with the
background population, and the need for treatment
rises with age.

In teeth without endodontic treatment, which is
probably the category with the highest risk of being
underestimated in the present study, the occurrence of
periapical radiolucency in the 20-39-year olds (03
versus 0-4) and in the group of 40 + -year olds (1:2
versus 1-3) in the present study was almost similar to
the occurrence reported in the reference material.

© 2011 Blackwell Publishing Ltd
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To our knowledge, this is the first study describing
the intraoral distribution of endodontically affected
permanent teeth according to age in HR patients. The
higher number of endodontically affected teeth in the
older age groups could be due to the long pulp
chambers and extended pulp horns reported in HR
patients (26) combined with attrition of the enamel
which, in turn, exposes the defective dentine (4, 6, 27)
and allows bacterial entrance into the dentinal tubules
with subsequent pulpal involvement and necrosis. This
process is initiated immediately after eruption and will
thus involve incisors earlier than premolars and
molars.

It might be speculated that the poor mineralisation of
the dentine in HR patients could also entail a higher risk
of periapical complications to endodontic treatment.
However, our data do not support this because we
found lower rates of periapical complications in HR
patients than found by Kirkevang ef al. in their study
(52%) (25).

Further understanding of the pathogenesis of pulpal
involvement and endodontic problems in HR patients
will require more detailed insight into the histology and
the formation of the dentine in these patients. Longi-
tudinal studies are therefore needed to determine the
influence of attrition and the presence of infractions on
the development of pulpal complications and to deter-
mine the prognosis of endodontic treatment in HR
patients.

Finally, it should be noted that these patients have
received a considerable amount of dental care. For
children up to the age of 18 years, dental care is
provided free of cost in the Municipal Dental Service in
Denmark. For adults, only limited economic support is
presently available. The high level of dental care
received by these patients reflects the maintenance of
a high number of teeth, but it also represents a
considerable economic burden carried by the patients
themselves. As this study shows an increasing fre-
quency of endodontic complications in the permanent
teeth in HR patients from early adulthood, alternative
ways of supporting dental care for these patients should
be considered.

Our study had some limitations: The cross-sectional
design of this study limits evaluation of the possible
effects of medical treatment on the severity of dental
disease. The design used does not take differences in
disease severity at time of treatment start into account,
whereby those treated might be those more severely
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diseased. Thus, differences in severity of skeletal or
dental disease upon treatment might primarily reflect
differences in disease severity.

In conclusion, endodontically affected teeth are
common in HR patients and the number of affected
teeth increase significantly with increasing age. In the
younger patients, the proportion of affected incisors
and canines is high. Hence, the need for endodontic
treatment among HR-patients is comprehensive.
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