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Influence of differences in the hardness and calcium content of diets on the

growth of craniofacial bone in rats

Shota Gotoa; Yuko Fujitab; Maika Hottaa; Ayako Sugiyamaa; Kenshi Makic

ABSTRACT
Objective: To examine the effects of a soft diet and a low-calcium diet on the craniofacial growth
and bone architectures of the maxilla and mandible.
Materials and Methods: Male rats (n 5 20, 3 weeks old) were divided into four groups. Ten rats
were given a normal-calcium diet, and the other rats were given a low-calcium diet. Each group
was then divided into two subgroups, which were fed a hard or a soft diet. After 4 weeks,
craniofacial growth and architecture in maxillary and mandibular bone were analyzed using
cephalometry, micro-computed tomography, and histopathology.
Results: The low-calcium diet had no effect on serum calcium levels. The low-calcium diet had the
greatest effect on craniofacial bone growth, while the soft diet affected the growth of several bone
sites that are attached to the masseter muscle. A low-calcium diet resulted in the deterioration of
the connectivity of the trabeculae in the furcation region of the maxillary and mandibular first molar,
while a soft diet resulted in the diffuse disappearance of trabeculae in the central part of the
furcation regions. In the midpalatal suture, a low-calcium diet resulted in inhibition of cartilaginous
ossification, although the midpalatal suture had a normal cartilaginous structure. A soft diet
resulted in narrower cartilage cell layers in the midpalatal suture.
Conclusions: We demonstrated that a low-calcium diet and a soft diet resulted in a deterioration of
bone structures in both the maxilla and in the mandible; however, the mechanisms underlying
these effects differed between diets. (Angle Orthod. 2015;85:969–979.)
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INTRODUCTION

Over recent decades, the eating habits of children and
adolescents have undergone many changes due to
diversification of lifestyles.1,2 Yanagisawa et al.2 reported
that masticatory frequencies and eating times have
decreased because of the appearance of soft modern

foods, such as processed foods, that can be swallowed
and digested quickly. Several animal studies have
shown that a reduction in masticatory function inhibits
the linear growth of the craniofacial bones and, in
particular, that of the mandible.3,4 Thus, clinicians are
concerned about an increasing number of children in
whom malocclusion and malalignment could develop
because of a “soft” diet. However, there is little evidence
on this, and the details of the jawbone structures
potentially affected by a soft diet remain unidentified.

In Japan, the National Health and Nutrition Survey
reported that the mean calcium intakes of infant and
pubertal males were 439 and 550 mg/d in 2012,5

compared with the estimated average requirements of
500 and 650 mg/d, respectively.6 Thus, we hypothe-
sized that these individuals may have problems with
jawbone health. It is known that an adequate calcium
intake during growth is necessary for increased bone
mass and the prevention of bone fractures.7 However,
the changes in bone architectures, including the
pathogenic mechanisms of the maxilla and mandible,
affected by a low-calcium diet during growth have not
been determined. In the present study, we investigated
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the effects of a low-calcium diet and a soft diet, as well
as their interaction, on craniofacial growth and the bone
architecture of the maxilla and mandible.

MATERIALS AND METHODS

Animal Care

Twenty 3-week-old male rats were purchased from
Charles River Japan (Kanagawa, Japan). The animals
were housed individually under a 12-hour/12-hour light-
dark cycle, at a constant temperature of 22 6 1uC and
humidity of 50 6 5%. The rats were divided randomly
into four groups (n 5 5 each). Ten rats were given a
normal calcium diet containing 510 mg/100 g calcium
(AIN-93G),8 and the other rats were given a low-calcium
diet containing 144 mg/100 g calcium.9 Moreover, they
were divided into two subgroups given a hard or a soft
diet. “Hard” diet groups were given the diet in pellet
form, while the “soft” diet groups were given powders.
All diets were purchased from Oriental Yeast Co
(Tokyo, Japan). Rats had ad libitum access to food
and tap water throughout the study. Body weight was
recorded every week. After 4 weeks, all rats were
euthanized using pentobarbital sodium, and the maxil-
lae and mandibles were harvested and cleaned of
adherent tissue. All animal procedures were approved
by the Committee for Care and Use of Laboratory
Animals of Kyushu Dental University (13-020).

Serum Analyses

Blood was obtained from rats under anesthesia.
Serum was isolated by centrifugation (3000 rpm,

15 min) and stored at 280uC. Serum calcium and
phosphorus levels were quantified using routine
laboratory methods (Nagahama Life Science Labora-
tory, Shiga, Japan).

Cephalometric Analyses

In all groups, craniofacial growth was evaluated by
lateral and dorsoventral cephalometric radiographs
using a soft X-ray machine (SOFTEX ESM-2,
SOFTEX Co Ltd, Tokyo, Japan) at 28 kVp, 6 mA,
30 seconds exposure, and a focus-to-film (New Instant
Film, Hanshin Technical Lab, Ltd, Nishinomiya, Japan)
distance of 60 cm.10,11 A 10-mm steel calibration rod
was used as an index of length, established on the film
with the jawbone, and photographed. The cephalo-
metric landmarks (Table 1; Figure 1a,b) were derived
from previous studies on rodents.10–13 Using imaging
software (ImageJ, available from the National Insti-
tutes of Health Web site), the 26 cephalometric
landmarks were digitized. Selected linear measure-
ments were then obtained (Table 2).

Micro–Computed Tomography

A Scan Xmate-L090 (Comscantecno Co, Kanagawa,
Japan) micro–computed tomography (micro-CT) instru-
ment was used to prepare representative left maxilla
and mandible images in all rats. The measurement sites
were selected as a buccal-lingual cross-slice of the first
maxillary molar region that connected the centers of the
intermediate buccal root and the mesial-palatine root,
including the midpalatal suture (Figure 2a). For the

Table 1. Definitions of Radiographic Points

On the sagittal radiograph

N: the most anterior point on the nasal bone

E: the intersection of the frontal bone and floor of anterior cranial fossa

Po: the most posterior and superior point on the skull

Ba: the most posterior and inferior point on the occipital condyle

Co: the most posterior and superior point on the mandibular condyle

Go: the most posterior point on the mandibular ramus

Mn: the most concave portion of the concavity on the inferior border of the mandibular corpus

Gn: the most inferior point on the ramus that lies on a perpendicular bisector of the line Go-Mn

I1: the most anterior and superior point on the alveolar bone of the mandibular incisor

So: the intersection of the most anterior tympanic bulla and the superior border of the sphenoid bone

CB1: the most anterior point on the occipital bone at the spheno-occipital synchondrosis

CB19: the most posterior point on the sphenoid bone at the spheno-occipital synchondrosis

CB2: the most anterior point on the sphenoid bone at the spheno-basispheno synchondrosis

CB29: the most posterior point on the basisphenoid bone at the spheno-basispheno synchondrosis

M1: the junction of the alveolar bone and the mesial surface of the first mandibular molar

Mu1: the junction of the alveolar bone and the mesial surface of the first maxillary molar

Mu2: the junction of the alveolar bone and the distal surface of the third maxillary molar

Iu: the most anterior-inferior point on the maxilla posterior to the maxillary incisors

On the transverse radiograph

Z1 and Z2: the points on the lateral portion of the zygomatic arch that produce the widest width

Go1 and Go2: the points on the angle of the mandible that produce the widest width

P1 and P2: the most anterior and medial points within the temporal fossae that produce the most narrow palatal width

C1 and C2: the points on the cranium that produce the widest cranial width
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mandibles, the measurement sites were selected as a
buccal-lingual cross-slice of the first mandibular molar
region that connected the centers of the intermediate
buccal root and the intermediate lingual root (Fig-
ure 2c). Samples were scanned at 10-mm resolution,
and the total tissue area in the alveolar bone except for
cortical bone region was defined as total tissue volume
(TV; mm2) manually. To distinguish cortical bone and
bone marrow in the analysis, the adaptive threshold was
adjusted in the three-dimensional image analysis TRI/
3D-BON software (Ratoc System Engineering, Tokyo,
Japan). Trabecular bone volume (BV; mm2) was also
defined by adjusting the adaptive threshold in the TRI/

3D-BON software and removing dental roots and bone
marrow areas from TV (Figure 2b,d). The trabecular
bone volume fraction (BV/TV, %), trabecular thickness
(Tb.Th, mm), trabecular number (Tb.N, 1/mm), and
trabecular separation (Tb.Sp, mm) were calculated.
Regarding the cortical bone, cortical bone area (Ct.Ar,
mm2) and marrow area (Ma.Ar, mm2) were measured
directly. The total cross-sectional area inside the
periosteal envelope (Tt.Ar 5 Ct.Ar + Ma.Ar, mm2),
cortical bone area fraction (Ct.Ar/Tt.Ar, %) and average
cortical thickness (Ct.Th, mm) were also calculated.14

Histology

After micro-CT analysis, maxillae and mandibles
were fixed in 10% neutral-buffered formalin, decalci-
fied for 3 weeks with 10% EDTA (pH 7.4), dehydrated
with increasing concentrations of ethanol, and embed-
ded in paraffin wax. Paraffin wax blocks sections were
cut into frontal sections 3-mm thick. These sections
were stained with hematoxylin and eosin. Images were
obtained using an Eclipse E200 microscope camera
system (Nikon, Tokyo, Japan).

Method Error

To ensure the reproducibility of the measurements,
the data were digitized twice at an interval of 2 weeks.
Two measures were replicated to assess method
error.15 Two replicated cases have been described as
the number required to acquire an estimate of method
error. Random error was calculated according to
Dahlberg’s formula16:

Se~

ffiffiffiffiffiffiffiffiffiffiffiffiP
d2

2n

r

where Se is the standard deviation, d is the difference
between pairs of replicate measurements, and n is

Figure 1. Cephalometric landmarks on radiographs. (a) Sagittal. (b) Transverse.

Table 2. Measurements of Craniofacial Skeleton

Neurocranium

Po-N: total skull length

Po-E: cranial vault length

Ba-E: total cranial base length

So-E: anterior cranial base length

Ba-CB1: occipital bone length

CB19-CB2: sphenoid bone length

Ba-So: posterior cranial base length

Po-Ba: posterior neurocranium height

Viscerocranium

E-N: nasal length

Mu2-Iu: palate length

CB2-Iu: midface length

E-Mu1: viscerocranial height

Mandible

Go-Mn: posterior corpus length

M1-I1: anterior corpus length

Co-I1: total mandibular length

Co-Gn: ramus height

Transverse X-ray

Go1-Go2: bigonial width

C1-C2: maximum cranial width

P1-P2: palatal width

Z1-Z2: bizygomatic width
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the number of cases. The range of error variance of
cephalometric measurements was 0.01–0.05 mm. The
error variances of the micro-CT analysis values were
between 0.002 and 0.062 mm2 (TV, BV, Ct.Ar, and
Ma.Ar) and 4.3 mm (Ct.Th).

Statistical Analysis

All data are presented as means and standard
deviations. A two-way analysis of variance was used to
investigate the main effects of both experimental

factors (low-calcium diet and soft diet) as well as any
interaction. A result was considered statistically signif-
icant at P , .05.

RESULTS

Body Weight and Serum Calcium and
Phosphorus Levels

At the end of the experiment, the low-calcium diet
had affected body weight gain significantly (Table 3).

Figure 2. Three-dimensional micro–computed tomography images of the upper and lower first molar regions. White lines indicate the portions of

the images used for the analysis of the maxillary and mandibular first molars (a, c). The white areas indicate the cortical bone areas, and the gray

areas indicate trabecular bone areas (b, d). M1 indicates the first molar; M2, the second molar; M3, the third molar.

Table 3. Main Effects and Interactions of Low-Calcium and Soft Diet on Body Weight and Serum Parametersa

Normal-Calcium Diet Low-Calcium Diet Two-Way ANOVA

Hard Diet Soft Diet Hard Diet Soft Diet Effects (P Value) Interaction

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Low-Calcium Diet Soft Diet (P Value)

Body weight, g

Initial 45.5 (3.29) 45.33 (3.02) 45.33 (4.11) 45.30 (4.73) NS NS NS

Final 277.84 (11.67) 265.72 (25.87) 255.70 (20.85) 240.48 (26.21) .034 NS NS

Blood test

Calcium, mg/dL 11.08 (0.6) 11.04 (0.50) 10.88 (0.47) 10.45 (0.58) NS NS NS

Phosphorus, mg/dL 8.75 (0.58) 8.90 (0.84) 10.35 (0.53) 11.43 (0.59) .000 NS NS

a ANOVA indicates analysis of variance; NS, no significance; SD, standard deviation.
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The low-calcium diet resulted in significantly higher
levels of serum phosphorus (Table 3).

Cephalometric Evaluations of the
Craniofacial Skeleton

The low-calcium diet affected significantly all values
measured, with the exception of occipital bone length
(Ba-CB1), nasal length (E-N), anterior corpus length
(Ml-Il), maximum cranial width (C1-C2), and palatal
width (P1-P2; Table 4). The soft diet affected posterior
corpus length (Go-Mn), ramus height (Co-Gn), bigonial
width (Go1-Go2), and bizygomatic width (Z1-Z2)
significantly. A significant interaction and synergistic
effect between a low-calcium diet and a soft diet was
found to affect Co-Gn (Table 4).

Micro-Tomographic Histomorphometry

In the cortical bone of the maxilla, the low-calcium
diet and the soft diet affected Ct.Ar/Tt.Ar and Ct.Th
significantly. A significant interaction and synergistic
effect between the low-calcium diet and the soft diet
were found to affect those parameters (Table 5;
Figure 3). In trabecular bone, the low-calcium diet
resulted in a significant deterioration of BV/TV, Tb.Th,
and Tb.Sp. The soft diet significantly worsened all

measured parameters. A significant interaction was
found between the low-calcium diet and the soft diet
concerning Tb.N and Tb.Sp; the low-calcium diet led to
a deterioration of Tb.N only in those fed the soft diet,
and a synergistic effect was found between a low-
calcium diet and a soft diet with regard to Tb.Sp
(Table 5; Figure 3).

In the cortical bone of the mandible, the low-calcium
diet and the soft diet affected Ct.Ar/Tt.Ar and Ct.Th
significantly (Table 6; Figure 4). In trabecular bone,
the low-calcium diet and the soft diet resulted in
significant deterioration in all values measured. A
significant interaction and synergistic effect were found
between the low-calcium diet and the soft diet for
Tb.Th, Tb.N, and Tb.Sp (Table 6; Figure 4).

Histological Evaluation

Thinning of the bony trabeculae, with obvious
enlargement of the marrow cavities and a deterioration
of architecture of trabecular bone, was seen in rats fed
the low-calcium diet and the soft diet (Figure 5b–d).
Sections of the bones from rats fed the normal calcium
and soft diet exhibited a diffuse disappearance of
trabeculae, especially in the central part of the
furcation tissue area of the maxillary first molar.

Table 4. Main Effects and Interaction of Low-Calcium Diet and Soft Diet on Cephalometric Parametersa

Normal-Calcium Diet Low-Calcium Diet Two-Way ANOVA

Hard Diet Soft Diet Hard Diet Soft Diet Effects (P Value) Interaction

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Low-Calcium Diet Soft Diet (P Value)

Neurocranium

Po-N 40.45 (1.68) 42.03 (0.90) 40.48 (1.49) 39.18 (0.61) .023 NS .02

Po-E 26.20 (1.89) 26.60 (1.38) 24.23 (1.57) 23.71 (1.12) .002 NS NS

So-E 20.72 (2.17) 19.97 (0.68) 18.06 (1.05) 17.49 (0.65) .000 NS NS

Ba-E 27.22 (1.97) 26.75 (1.36) 24.61 (1.47) 23.96 (1.33) .001 NS NS

Ba-CB1 5.30 (0.95) 5.45 (0.67) 4.82 (0.76) 4.67 (0.80) NS NS NS

CB19-CB2 7.04 (1.11) 6.50 (0.44) 6.08 (1.13) 5.30 (0.73) .017 NS NS

Ba-So 7.47 (1.02) 7.51 (0.87) 6.46 (0.95) 6.45 (0.92) .026 NS NS

Po-Ba 11.35 (0.43) 10.96 (0.32) 9.58 (0.41) 9.61 (0.16) .000 NS NS

Viscerocranium

E-N 14.68 (2.10) 15.96 (1.36) 16.05 (2.32) 15.26 (1.82) NS NS NS

Mu2-Iu 19.45 (0.94) 19.85 (0.58) 18.40 (0.89) 18.59 (0.57) .004 NS NS

CB2-Iu 23.97 (1.26) 24.44 (0.74) 22.62 (0.69) 23.11 (0.82) .004 NS NS

E-Mu1 10.87 (0.32) 11.79 (3.15) 9.63 (1.28) 9.27 (0.76) .028 NS NS

Mandible

Go-Mn 10.02 (0.61) 9.67 (0.85) 8.93 (1.25) 7.44 (0.97) .001 .045 NS

M1-I1 5.71 (0.81) 6.12 (0.63) 5.36 (0.50) 6.40 (2.82) NS NS NS

Co-I1 26.66 (0.75) 26.87 (1.28) 24.44 (0.94) 24.47 (1.77) .001 NS NS

Co-Gn 15.86 (0.70) 13.28 (0.60) 12.03 (0.87) 11.39 (0.22) .000 .000 .004

Transverse

Go1-Go2 20.24 (0.29) 19.63 (0.63) 19.67 (0.71) 18.65 (0.63) .009 .007 NS

C1-C2 16.29 (0.50) 15.83 (0.29) 15.83 (0.33) 15.75 (0.37) NS NS NS

P1-P2 9.70 (0.47) 9.74 (0.36) 9.72 (0.21) 9.72 (0.49) NS NS NS

Z1-Z2 23.32 (0.46) 22.26 (0.17) 22.55 (0.59) 22.01 (0.43) .021 .001 NS

a ANOVA indicates analysis of variance; NS, no significance; SD, standard deviation.
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Table 5. Main Effects and Interaction of Low-Calcium and Soft Diet on Maxillary Alveolar and Palatal Bones Micro-CT Histomorphometric

Parametersa

Normal-Calcium Diet Low-Calcium Diet Two-Way ANOVA

Hard Diet Soft Diet Hard Diet Soft Diet Effects (P Value) Interaction

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Low-Calcium Diet Soft Diet (P Value)

Cortical bone

Ct.Ar/Tt.Ar, % 43.52 (2.91) 34.02 (2.52) 15.71 (2.00) 12.85 (1.05) .000 .000 .004

Ct.Th, mm 535.48 (77.17) 298.84 (19.62) 93.32 (8.43) 65.73 (6.75) .000 .000 .000

Trabecular bone

BV/TV, % 23.49 (1.72) 19.89 (4.20) 12.71 (2.65) 7.25 (2.77) .000 .004 NS

Tb.Th, mm 134.82 (14.00) 108.41 (19.12) 63.15 (4.05) 58.64 (3.55) .000 .012 NS

Tb.N, 1/mm 1.76 (0.21) 1.83 (0.10) 2.00 (0.28) 1.22 (0.42) NS .011 .003

Tb.Sp, mm 427.75 (51.45) 451.97 (42.51) 443.69 (63.40) 808.41 (23.59) .000 .000 .000

a ANOVA indicates analysis of variance; CT, computed tomography; NS, no significance; SD, standard deviation.

Figure 3. Micro–computed tomography images of rat maxillary alveolar bone and hard plate. Representative images of frontal cross-section of

the hard plate in the maxillary first molar region of the rat fed on the normal-calcium (a, hard; b, soft) and low-calcium (c, hard; d, soft) diets.
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Trabeculae that attached to the periodontal ligament
remained (Figure 5b). However, we found that the
low-calcium diet resulted in a loss of trabecular bone
volume in the total tissue area of the furcation region
(Figure 5c). The patterns of trabecular bone loss due
to the low-calcium diet and the soft diet in the

mandible were very similar to those in the maxilla
(Figures 6a–d).

In the central area between the two cartilaginous
tissues, precartilaginous cells were arranged along the
midline suture in part of all sections (Figure 7). In the
sections of the rats fed the hard diet, there was typical

Figure 4. Micro–computed tomography images of rat mandibular alveolar bone. Representative images of the frontal cross-section of the

furcation region of the mandibular first molar in the rat fed on the normal-calcium (a, hard; b, soft) and low-calcium (c, hard; d, soft) diets.

Table 6. Main Effects and Interaction of Low-Calcium and Soft Diet on Mandibular Alveolar Bone Micro-CT Histomorphometric Parameters

Normal-Calcium Diet Low-Calcium Diet Two-Way ANOVA

Hard Diet Soft Diet Hard Diet Soft Diet Effects (P Value) Interaction

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Low-Calcium Diet Soft Diet (P Value)

Cortical bone

Ct.Ar/Tt.Ar, % 30.89 (1.30) 26.61 (1.55) 14.72 (2.01) 11.81 (1.09) .000 .000 NS

Ct.Th, mm 333.55 (29.04) 261.81 (27.53) 129.61 (25.51) 98.15 (9.16) .000 .000 NS

Trabecular bone

BV/TV, % 24.87 (1.91) 17.61 (3.20) 8.42 (1.76) 3.17 (0.87) .000 .000 NS

Tb.Th, mm 123.62 (8.94) 96.48 (13.66) 62.17 (4.48) 56.69 (4.04) .000 .001 .013

Tb.N, 1/mm 2.01 (0.05) 1.82 (0.16) 1.35 (0.18) 0.55 (0.12) .000 .000 .000

Tb.Sp, mm 373.64 (14.37) 456.58 (59.86) 728.75 (42.78) 1617.26 (36.55) .000 .000 .000

a ANOVA indicates analysis of variance; CT, computed tomography; NS, no significance; SD, standard deviation.
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cartilaginous ossification, such as a growth plate
structure, showing cell multiplication, hypertrophy, and
matrix calcification (Figure 7a,c). In the sections in the
rats fed the soft diet, the palatal suture cartilaginous
areas were much narrower than those in the rats fed the
hard diet (Figure 7b,d). In particular, the cartilaginous
cell layer and ossification disappeared close to the oral
cavity in the palatal bone of the rats fed the normal
calcium and soft diet (Figure 7b).

DISCUSSION

Dietary calcium deficiency reduced body weight gain
and inhibited linear growth of the craniofacial area in

growing rats. Consistent with our findings, previous
study has indicated that a low-calcium diet resulted in
reduced body weight gain and skeletal bone growth in
rats.17 These findings suggest that dietary calcium
deficiency resulted in inhibiting bone growth in the
skeletal as well as the craniofacial region. In the micro-
CT and histological findings, dietary calcium deficiency
resulted in the loss of trabecular bone volume, with a
reduction in cortical bone cross-sectional area and
cortical thickness and an increase in trabecular
separation, which means the deterioration of the
connectivity of the trabeculae in maxilla and mandible,
suggesting that abnormal alternations in calcium

Figure 5. Photomicrographs of tissue stained with hematoxylin and eosin, illustrating the furcation region of the maxillary first molar in rats fed the normal-

calcium (a, hard; b, soft) and low-calcium (c, hard; d, soft) diets. B indicates bone; BM, bone marrow; PL, periodontal ligament area. Bar 5 100 mm.
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metabolism induced osteoporosis in jaw bones.
However, dietary calcium deficiency had no effect on
serum calcium levels. Generally, the calcium concen-
tration in the blood is controlled within a very narrow
range, and if the calcium concentration decreases,
parathyroid hormone stimulates the resorption of
calcium from the bone.18 Thus, we consider that
dietary calcium deficiency resulted in an increase in
bone resorption to maintain the serum calcium
concentration at a normal level. Increasing resorption
of bone mineral releases calcium and phosphate into
blood. As consequence, serum phosphorus levels may
increase significantly.

In the present results, the soft diet suppressed
growth in the buccal direction in the zygomatic arch,
growth in the posterior direction in the corpus, growth
in the superior direction in the ramus, and growth in the

buccal direction in the gonial angle. These regions are
all attachment points of the masseter muscle. It is
generally accepted that a decrease in mastication
forces affects the structure of bones and muscles.13

Kawai et al.19 reported that a soft diet resulted in a
decrease in the cross-sectional area of fibers and
alternation of the fiber type composition of the
superficial masseter muscle in growing rats. We
believe that a decrease in activity, a decrease in the
amount of masseter muscle fibers, or both, is involved
in the inhibition of bone growth in rats fed a soft diet.

In micro-CT analyses, the soft diet resulted in a
reduction in cortical bone cross-sectional area and
cortical thickness and a deterioration of trabecular
bone architecture in both the maxilla and the mandible.
In addition, histological findings showed trabecular
bone loss and enlargement of the bone marrow cavity;

Figure 6. Photomicrographs of tissue stained with hematoxylin and eosin illustrating the furcation region of the mandibular first molar in the rats

fed the normal-calcium (a, hard; b, soft) and low-calcium (c, hard; d, soft) diets. B indicates bone; BM, bone marrow; PL, periodontal ligament

area. Bar 5 100 mm.
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however, trabeculae attached to the periodontal
ligament remained in the rats fed the normal calcium
and soft diet. Shimizu et al.20 indicated that alveolar
trabecular bone loss induced by occlusal hypofunction
caused a reduction in its volume to the minimum
necessary in the absence of forces stimulating the
alveolar bone in growing rats. These findings indicated
that the sites of remaining trabeculae (not resorbed)
with the soft diet were associated with the loading
direction of occlusal force in the maxilla as well as the
mandible in growing rats.

Cephalometric analyses showed that the low-calcium
diet and the soft diet had no effect on rat palatal width.
However, histological findings in the midpalatal suture
showed that the low-calcium and soft diet significantly
affected cartilaginous ossification. Dietary calcium
deficiency induced not only an increase in bone
resorption but also weaker reactivity for eosin in
cartilaginous tissues, although the plate bone adjacent
to the midpalatal suture was composed of an apparently
normal cartilaginous structure. These findings may be
due to inhibition of the synthesis of extracellular matrix,

including type II and X collagens, in mature and
hypertrophic chondrocyte cell layers, and inhibition of
cartilaginous calcification. Thus, we suggest that dietary
calcium deficiency induced a synthetic abnormality in
extracellular matrix essential for cartilage metabolism,
especially in mature and hypertrophic chondrocyte cell
layers, which resulted in inhibition of cartilaginous
ossification in the midpalatal suture.

On the other hand, the soft diet resulted in narrower
cartilage cell layers and the disappearance of the
cartilaginous cell layers close to the oral cavity in the
midpalatal suture, suggesting that the soft diet induced
inhibition of the differentiation of undifferentiated
mesenchymal cells into chondrocytes and inhibition
of chondrocytic development and maturity in the
midpalatal suture region.

CONCLUSIONS

N The low-calcium diet and the soft diet induced the
deterioration in bone structure in both the maxilla and
the mandible.

Figure 7. Midpalatal suture bone and cartilage. Hematoxylin and eosin staining of frontal sections of midpalatal sutures of rats fed the normal-

calcium (a, hard; b, soft) and low-calcium (c, hard; d, soft) diets. e–h are higher magnification of a–d, respectively. P indicates periosteum within

the oral region of the midpalatal suture; B, bone; BM, bone marrow; SC, suture cartilage. Bar 5 100 mm.
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N Moreover, synergistic effects were found between
the low-calcium diet and the soft diet in the
deterioration of internal bone structures.

N However, the mechanisms underlying deterioration
of the bone structure differed between the diets.
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