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Abstract:

AIM: This study evaluated dimensions of the dental arches of
children affected with hypophosphataemic vitamin D resist-
ant rickets (HVDRR), since no reports are available in the
literature on the effect of this disease on the dental arches.
STUDY DESIGN: comparative cross sectional. METHODS:
The dimensions of the dental arches of 21 Jordanian children
aged 3-16 years with HVYDRR were measured and compared
to those of matched healthy controls, using Paired t-test at
the confidence level of 95%. One examiner performed all
measurements on the models in a blind manner. RESULTS:
Compared with healthy controls, a significant reduction in
all transverse dimensions of the maxillary arch of diseased
individuals was seen. Maxillary arch depth and arch perim-
eter were also significantly reduced in diseased individuals
(P value 0.000 0.009, respectively). In the mandibular arch,
a significant reduction was found in the inter-incisor, inter-
canine and inter-first premolar widths in patients with HYDRR
compared with normal controls (P values 0.005, 0.015 and
0.0035 respectively). Mandibular arch depth and arch perim-
eter were also significantly reduced. CONCLUSIONS: There
is a trend towards smaller dental arches in patients with
HVDRR compared with healthy controls. The results of the
present study necessitate further exploration of the effect of
this disease on dental arch development to improve dental
management of this special need population.

Introduction

Four distinct forms of the inherited hypophosphataemic
rickets had been reported, with three different modes of
inheritance. X-linked Hypophosphataemia (XLH); is the most
common heritable form of rickets in developed countries,
accounting for 80% of HVDRR cases. The prevalence of
X-linked hypophosphataemia (XLH), is about 1/20,000 live
births [Jan and Levine, 2008], and is caused by inactivat-
ing mutations of the PHEX (Phosphate regulating gene with
Homologies to Endopeptidases on the X-chromosome) gene
[Filho et al., 2006]. The second form is Autosomal Dominant
Hypophosphataemia (ADHR); which is a rare form of renal
phosphate wasting; it is caused by mutation of FGF23 gene
[Whyte and Thakke, 2005; L, U et al., 2006].

The third and fourth forms are inherited as Autosomal
Recessive; both are rare forms of the disease, one is hypo-
phosphataemia that is caused by mutations in dentine matrix

protein 1(DMP1), the second form is hypophosphataemia
with hypercalciuria (HHRH) and is caused by mutation in the
NaPi-lic [Negri, 2007].

Patients with HVDRR develop symptoms related to growth
retardation and rachitic skeletal deformities including smooth
bowing of the legs, gait disturbance, knock knees, metaphy-
seal widening, frontal bossing, and horizontal depression
along the lower border of the chest [Farach-Carson and
Nemere, 2003]. Laboratory Findings in these patients show
hypophosphataemia with hyperphosphaturia, normocalcae-
mia with normal or reduced calciuria [Jan and Levine, 2008].

The defects in tooth mineralisation in patients with HYDRR
have been extensively reported and include poorly miner-
alised, hypoplastic dentine, which consists of calcopherites
rather than densely mineralized dentine [Seow, 1989]. These
defects may extend to the pulp and facilitate the occur-
rence of dental abscesses often associated with this disease
[Seow and Latham, 1986; McWhorter and Seale, 1991; Hill-
mann and Geurtsen, 1996]. Enamel hypoplasia [Goodman et
al., 1998] and ectopically erupted permanent canines [Seow,
1995] have also been reported. Dental development in these
patients was studied by Seow et al. [1995] who found no
significant difference in dental age compared to chronologi-
cal age in affected patients.

Regarding the craniofacial changes, craniosynostosis, and
frontal bossing [Shetty and Meyer, 1991; Carlsen et al., 1984]
have been reported. An old study in the literature reported
retardation in the development of the mandible and maxillary
length and depth [Tracy and Campbell, 1968].

Dental arches are part of the bony skeleton, bearing in mind
that HVDRR is a condition that affects bone; little emphasis
has been placed on the effect of this condition on the dimen-
sions of the dental arches. A recent cephalometric study by
Al-Jundi and co-workers [2009] found that patients with
HVDRR have deficiency in the anterior cranial base length,
maxillary length, and ramus height.

The dental arch dimensions of HVDRR patients have never
been reported in the literature. Therefore the aim of this
study was to investigate dental arch dimensions in patients
with HVDRR, and to compare those dimensions with the
values in healthy controls. This approach will provide base-
line information on the effect of this disease on dental arch
dimensions.
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Materials and Methods

Study design. This was a comparative cross sectional study
conducted in order to compare the values of arch dimen-
sion between patients with HVDRR and matched healthy
controls.

Subjects. Permissions were obtained for the investigators
to contact the physicians who treated the affected indi-
viduals to obtain access to their files. An informed consent
was obtained from parents of all participants (affected and
healthy). Infection control protocols were applied during both
patients' examination and impression-making procedures.

The preliminary sample of 30 children diagnosed with HVYDRR
were recruited from Paediatrics, Nephrology and Orthopedic
Departments in King Abdullah University Hospital in Irbid (Jor-
dan) and Medical City of Royal Medical Services in Amman
(Jordan). Patients' parents were contacted by telephone to
explain the study aims, importance and related procedures
and to get their consent for participation in the study. File
records of affected patients were studied for medical history
to ensure absence of any other systemic conditions and to
check the diagnostic criteria, age of patient when starting
treatment, medical treatment and the compliance regarding
the provided treatment.

Exclusion criteria. For both the study and control groups,
subjects were excluded if they had:

o Clinically evident approximal dental caries, restorations,
or dental anomalies,

® Any oral habit that might influence the dental arches (e.qg.
digit sucking habits),

® Orthodontic treatment prior to the start of the
examination,

® Any hereditary or acquired dental or facial deformity,
syndromes and craniofacial conditions (e.g. Down's
syndrome, cleft lip and palate),

@ Control children should not have any moderate or severe
skeletal malocclusion.

After examination applying the exclusion criteria, the sample
consisted of 21 HVDRR patients whose age range was 3-16
years.

The control group was randomly selected from healthy Jor-
danian school children who did not fit the exclusion criteria,
matched the affected individuals for age, sex, and teeth
present. Accordingly each affected child had one healthy
matching control.

Models. Upper and lower alginate (Tulip-CAVEX®) dental
impressions were taken by one examiner (YFN). The impres-
sions were cast in hard stone, after disinfection, on the
same day in an attempt to reduce errors when producing
the models. All dental arch measurement were made directly
from the dental cast manually using a digital sliding caliper
(Chengdu tenggiang industry co. Ltd®) accurate to 0.05
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mm by the same examiner (YFN. The measurements of the
models were made in a blind manner after initial calibration
of the examiner by an orthodontist to ensure compliance
with measurements used and reproducibility. The reference
points and landmarks used were similar to those in previous
studies [Bishara et al., 1997, Bishara et al., 1998, Franchi et
al., 2006] and included; the contact point between adjacent
teeth, cusp tips of the canines, buccal cusps of first and sec-
ond premolars and mesiobuccal cusps of the first permanent
molars. In the case of primary molars the corresponding
mesiobuccal cusps were used. In those instances where
there was slight attrition, the landmark for that tooth was
determined as the middle of the facet on the tooth. In sub-
jects with an impacted maxillary canine, the interpremolar
width was used to determine the anterior arch width instead
of the inter-canine width as first premolar eruption precedes
that of the permanent canine, its position in the arch is less
affected by crowding [Al-Nimri and Gharaibeh, 2005].

Measurements. The following measurements were made:

@ Arch width was measured as the distance from the cusp
tip of one tooth to the cusp tip of the contralateral tooth,
the inter-incisor width was measured from the distal con-
tact point of the lateral incisor on one side to the distal
contact point of the lateral incisor on the contralateral
side [Bishara et al., 1997] (Fig 1).

® Arch depth was measured as the distance from the
inter-incisal point to the mid distance of the inter-first
permanent molar width [Franchi et al., 2006] (Fig 2).

® Arch length (perimeter) was measured as the sum of the
segments between contact points from the mesiobuccal
cusp of the first permanent molar to that of the opposite
first permanent molar [Bishara et al., 1998, Franchi et al.,
2006] (Fig 2).

Overjet and over bite were measured using the end of the
digital calliper.

Statistical Analysis. For an error analysis 10 randomly
selected casts were re-measured by the same examiner
under the same conditions in order to calculate the coef-
ficient of reliability for all the variables. The coefficient of the
reliability was = 1-(Se2/St2), where the Se2 is the variance
of the difference between the two replicates and St2 is the
greater of the two variances of the two replicates. The results
were used to estimate the random error using a coefficient of
reliability by Houston [1983].
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Figure 1. Transverse measurements (arch width); the inter-
incisor (A1), inter-canine (A2), inter-first premolar (A3),
inter-second premolar (A4), inter-first molar (A5).

Statistical analysis was carried out using SPSS-V.12 program
(statistical package for social sciences-Chicago, ILL). Sum-
mary statistics including mean, standard deviation (SD), and
difference between means were calculated for each variable,
test and control children were paired individually for the data
comparisons, no pooling of values was performed due to
the wide age range and small sample size. The one-sample
Kolmogorov-Smirnov test was used to test the normality of
distribution for both diseased and healthy variables. Paired
t-test was used to evaluate difference between diseased
and controls for the tested measurements. A statistically sig-
nificant finding was considered present when P-values were
below 0.05.

Results

Subjects. Of the 30 patients with HVYDRR examined initially,
only 21 fulfilled the inclusion criteria, the sample included 14
females and 7 males, their ages ranged from 3.4 to 16 years
(mean age of 10.07+3.2), the control group ages ranged from
3 to 16.3 years.

The one-sample Kolmogorov-Smirnov test compares each
variable with a specified theoretical normal distribution. This
test resulted in that all the variables had no significant dif-
ferences from the normally distributed model with P value
ranging from 0.995 to 0.095. The results of the coefficient of
reliability ranged from 0.95 for the mandibular inter premolar
width to 0.98 for the maxillary inter-incisor width, and were
considered acceptable for this study.

Model Measurements. The values of arch dimensions of the
HVDRR patients and their controls are listed in Table 1. The
results for the specific measurements were as follows:

Arch width: The maxillary arch width was significantly less
in the affected group compared with healthy controls in all
dimensions, P values were less than 0.03 (table 1). Whereas,
in the mandibular arch, only the anterior arch width meas-
urements (WL1, WL2 and WL3) were significantly reduced in
the affected individuals in comparison to the healthy control
group; with P values were less than 0.02.

Arch depth. The differences between the affected and
healthy group in maxillary arch depth was on average 3.39
mm demonstrating a statistically significant reduction with P
value 0.000. In the mandibular arch the affected group also
had a statistically significant reduction in arch depth: P value
0.009.

Arch Perimeter: Both maxillary and mandibular arch perim-
eters were significantly smaller in the HVDRR group when
compared with the normal individuals by an average of 5.46,
6.65 mm respectively with P value 0.009, 0.000.

Overjet, and overbite: Overjet was not significantly different
in the diseased and controls. Overbite was reduced by 1.21
mm in the diseased individuals, however the difference was
not significant.

Discussion:

Heredity, growth of bone, function, ethnic background,
and inclination of the teeth are some of the factors that
may affect the size and shape of the dental arches [Bjork
et al., 1984; Hassanali and Odhiambo, 2000]. The effect of
HVDRR on bone formed through the endocondral ossifica-
tion is well studied. As this condition delays the process of
bone formation and reduces the length of the bone it is not
known whether this bone is affected and formed by means
of intra-membranous ossification such as the dental arches.
The results of this study may provide some information that
can help determining the effect of HVYDRR disease on arch
dimensions.
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Table 1: Mean values in mm, standard deviations, and statistical significances for the arch dimension measurements in HYDRR

and healthy control Jordanian children.

HVDRR patients Control subjects

Definition Variable Mean* SD+ Mean* SD Mean differences Significance P value
in pairs (mm)

Maxillary width
Inter-incisor width WU1 24.12 3.12 25.99 2.88 -1.88 * 0.028
Inter-canine width Wu2 29.47 1.88 32.2 2.2 -2.73 b 0.001
Inter-first premolar Wu3 37.25 2.74 40.84 2.12 -3.59 b 0.001
width
Inter-second premolar Wu4 43.33 2.96 46.40 2.71 -3.07 b 0.004
width
Inter-first molar width WuU5 48.48 2.89 51.95 2.01 -3.47 > 0.006
Mandibular width
Inter-incisor width WL1 19.56 1.93 21.02 1.45 -1.46 ** 0.005
Inter-canine width WL2 24.71 2.18 26.45 1.49 -1.74 * 0.015
Inter-first premolar WL3 31.58 2.89 33.62 2.62 -2.05 * 0.0035
width
Inter-second premolar WL4 38.45 2.20 39.48 2.21 -1.03 0.121
width
Interfirst molar width WL5 4417 2.15 45.38 1.97 -1.21 0.211
Maxillary depth
Arch depth | w2 [ | 2625 | 284 | 2084 | 111 | -3.39 | = | o000
Mandibular depth
Arch depth | w2 || 2381 | 246 | 2638 | 200 | 2,57 | = | o009

In this study, the sample size was unavoidably small, due to
the rarity of the condition on the one hand, and the limited
accessibility to patients on the other hand. In Jordan, only
patients with significant clinical manifestations are referred
to two specialized medical institutes in order to provide treat-
ment (Royal Medical Services and King Abdullah | Hospital).
In addition, this study was interested in paediatric patients,
which further reduced the sample size to 30 cases. From this
sample, 9 cases were eliminated after applying the exclusion
criteria.

This small sample size led to many drawbacks in the design
of the study mainly the need to pool the ages and the sexes
together. However pooling was done for the differences in
the values between the affected and control groups not the
values themselves and paired t-test was used rather than
comparing the mean of the two populations. In that case
pooling different age groups and sexes was not expected to
affect the results, as the affected and control subjects were
matched for age and sex.

In this study, it was found that the maxillary arch of patients
with HVDRR was significantly smaller in length, depth, and
width when compared with their healthy controls. A previ-
ous study of 9 children with Vitamin-D resistant rickets found
that facial growth in these patients was retarded and that
mandibular growth was less retarded than maxillary growth,
which showed marked reduction in height and length using
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some cephalometric landmarks [Tracy and Cambell, 1968].
In a recent ceplalometric study of the craniofacial param-
eters in patients with HVDRR by Al-Jundi et al. [2009], it
was found that these patients have a significant reduction of
the maxillary length, SNA, ANB, and anterior caranial base
length which may explain the findings of the current study.
As the anterior cranial fossa is the template that establishes
the basic dimensions of the maxilla [Enlow, 1983], the
deficiency in the maxillary arch can be secondary to the defi-
ciency in the anterior cranial base. It can also be due to the
primary effect of the condition on membranous bone ossi-
fication. However, further longitudinal studies are required
to establish the effect of this disease, and its treatment on
development of the dental arches.

In the mandibular arch, a significant reduction in arch depth
and arch perimeter compared with normal individuals was
demonstrated. However, in the ceplalometric study of
HVDRR patients, it was shown that the total mandiblulor
length in these patients was not significantly changed; it also
showed a reduction in the mandibular incisors’ angle to the
mandibular plane, and a reduced SNB angle [Al-Jundi et al.,
2009]. This strongly indicates that the change in the above
dimensions in the mandibular arch is due to retroclination of
mandibular incisors rather than true deficiency in the arch
itself.
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In the mandibular transverse dimension, a reduction in the
anterior arch width was noted which can also be due to
alignment of the mandibular anterior teeth. The lower poste-
rior arch width however, was not significantly reduced. This
can be due to the tongue size effect that's highly correlated
with the lower dental arch width especially in the posterior
part [Tamari et al., 1991].

Conclusion

This study has laid down baseline data on arch dimensions
of HVDRR patients to help establish effect of this disease on
dental arches. Patients with HVYDRR have a tendency towards
smaller dental arches, especially the maxillary arch. Although
the results of the present study showed several significant
differences in arch dimensions between HVDRR group and
control group, the small number of children studied allows
only cautious interpretation of these results. Future longitudi-
nal studies are required to establish the effect of HYDRR and
its treatment on development of the dental arches.
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