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Abstract

Background: The aim of this study was to investigate the crystal structure of mineral part in the Compact and Cancellous bones in
different areas of alveolar bones.
Methods: In this study, 7 alveolar bone samples were prepared from buccal and distal plates of the jaws of three patients, and 4
samples from Cortical and Cancellous bone of two other patients’ palate. After converting all the samples into powder, the samples
were examined by using the X-RD method. Diffractogram of 1-7 samples were compared with each other and Diffractogram of 8-11
samples also were compared with each other too.
Results: Comparing two corresponding points in the jaws the crystallinity degree in the mandible is higher than the maxilla. In
comparison of two corresponding points in the maxilla and mandible degree of crystallinity and the crystalline hydroxyapatite
on the right has been more than on the left. The amount of crystalline hydroxyapatite phase in females is more than males and
crystallinity degree of this phase in males is more than females, and in younger people, the hydroxyapatite crystalline phase is
more than others and crystallinity of this phase in older subjects is higher than others.
Conclusions: Tooth movement, despite the influence of the same forces, is faster on left side than the right side and is faster on
maxilla than mandible. Tooth movement is faster in younger people than in older subjects.
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1. Background

Orthodontic tooth movement is a complicated pro-
cess, requiring changes in the gingiva, periodontal liga-
ment, root cementum, and alveolar bone with their differ-
ence in cell population and remodeling activity (1). Several
factors, such as age, drug consumption, diet, several sys-
temic conditions, and other intrinsic genetic factors, have
been shown to influence the rate of tooth movement (2,
3). Clinically, differences in the rate of tooth movement
even in the same patient can be observed. In certain cases,
the role of neighboring touching teeth or occlusal interfer-
ences by antagonist teeth seem to influence the amount of
the tooth displacement (4). Bridges et al. showed the bone
that is less mineralized at the outset should be more eas-
ily remodeled, which could be expressed by a shorter delay
period in the tooth movement cycle due to more rapid re-
sorption. It is also clear that the mineral density of a com-
plex site like alveolar process can also be affected by several
systemic and anatomic factors (5).

85% of bone mineral sector is in the form of calcium
phosphate, 10% as calcium carbonate and % 5.1 in the
form of phosphate and magnesium (6). Studies by X-
ray diffraction (X-RD) have shown that calcium and phos-
phorus form apatite-like crystals with possible formula
of ca10(po4)6ca(OH)2 or 3ca3(po4)2ca(OH)2 (7, 8). X-RD re-
lies on the dual wave/particle nature of X-rays to obtain
information about the structure of crystalline materials.
A primary use of the technique is the identification and
characterization of compounds based on their diffraction
pattern. The dominant effect that occurs when an inci-
dent beam of monochromatic X-rays interacts with a tar-
get material is scattering of those X-rays from atoms within
the target material. In materials with regular structure,
the scattered X-rays undergo constructive and destructive
interference. The directions of possible diffractions de-
pend on the size and shape of the unit cell of the ma-
terial. The intensities of the diffracted waves depend on
the kind and arrangement of atoms in the crystal struc-
ture. When a powder with randomly oriented crystallites
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is placed in an X-ray beam, the beam will see all possible
interatomic planes. If the experimental angle is systemati-
cally changed, all possible diffraction peaks from the pow-
der will be detected (9).

Crystalline hydroxyapatite ions are hydrated, and a
layer of water and ions is formed around crystals which is
called hydration shell, and provides ion exchange between
crystals and fluids (10). In a crystalline structure, every sin-
gle cell is similar to other units of cell of that structure in
terms of size, shape, orientation and location of atoms, the
same, and so, with a complete description of a cell unit, all
the body’s structure will be described (11).

In response to orthodontic loading the first bone was
formed usually is the woven type that is weak, disorga-
nized, and poorly mineralized. During the two phase of
mineralization woven bone remodeled to lamellar bone
that is a strong, highly organized, and well mineralized
tissue. A portion of the mineral component (hydroxyl ap-
atite) is deposited by osteoblasts during primary mineral-
ization. Secondary mineralization, which completes the
mineral component, is related directly to its mineral con-
tent (11).

The aim of this study was to evaluate the crystal struc-
ture of bone mineral sector in different area of the alveolar
process and comparison of the rate of tooth movement in
these areas.

2. Methods

11 bone samples were selected from palate and alveolar
of three 20-year-old female patients and 20 to 35-years-old
male patients from referring to the Department of Surgery,
School of Dentistry, Tehran University, who had referred in
order to remove their canine teeth or wisdom teeth, and
were prepared. The samples were as follows:

- Samples 1 and 2 of the left and right of mandible of a
20-year-old male.

- Sample 3 of the left of the mandible and samples 4 and
5 of the right of maxilla and mandible of a 20-year-old fe-
male.

- Samples 6 and 7 of the left and right of mandible of
20-year-old female.

- Sample 8 of compact bone, sample 9 of cancellous
bone on the right of palate of a 35-year-old male.

- Sample 10 of compact bone and sample 11 of cancel-
lous bone on the right of 20-year-old female’s palate.

All patients were healthy, and did not have any discom-
fort or lesion in the jaws. After surgery, parts with dimen-
sions of 7 × 4 mm of bone were prepared, and immedi-
ately placed in 10% formalin solution. To prepare, sam-
ples for each patient simultaneously were placed in sepa-
rate dishes for half an hour at a temperature of 1100°C on

the Krupp dental EK 18/18 furnace, and then slowly cooled
and removed from the furnace respectively. Because of
the small size of the samples, they converted into pow-
der by hand using agate mortar and pestle made of silica,
and then were examined by X-RD and using Diffractome-
ter (Philips PW 1730/10) under conditions of kv: 45, time: 2
seconds, mA: 40, 2θ > 4° (Figure 1).

Figure 1. X-Ray Diffractometer (Philips PW 1730/10)

In study of diffractograms, 3 factors were consid-
ered and compared: existing phases, the degree of crys-
tallinity in the hydroxyapatite phase, and the hydroxyap-
atite phase.

3. Results

Existing Phases: According to Tables 1 and 2, we can see
that, in all cases, a hydroxyapatite crystalline phase (phase
A) is available. In some cases, in addition to this phase, ad-
ditional phases can also be seen. In samples 3 and 4, there
is additional crystalline phase B which the peaks of its indi-
cators are in areas with anglesθ 2 = 11.92 andθ 2 = 24.5. Third
phase C with peaks of indicator in areas of θ 2 = 3.58 and θ 2

= 34.7 can be seen in the sample 7, but there isn’t in other
cases.

The degree of crystallinity in the hydroxyapatite phase:
The crystallization degree of a phase is determined due to
being sharp or flat of its peak on the diffractogram, and in-
dicates the accuracy of the crystal structure of the object.
Namely, with increasing the accuracy of the crystal struc-
ture the degree of crystallinity increases. In Tables 1 and
2, comparison of the crystallinity degree of hydroxyapatite
in the samples studied is presented.

The hydroxyapatite phase: Due to the similarity of con-
ditions for preparation of the samples and conditions of X-
RD, the difference in height of the peak in diffractogram in-
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Table 1. Comparison of Cancellous bone with Trabecular Bone Samples

Samples The Degree of
Crystallinity in
the Common

Phase

Height of the
Peak in 2θ =

31.9°(Amount of
Crystalline

Hydroxyapatite)

Additional Phase

8, 9 Sample of No. 8 is
more

Sample of No. 8 is
more

Phase B in sample
No.8

10, 11 Sample of No. 10 is
more

Sample of No. 10 is
more

Phase B in sample
No.10

8, 10 Sample of No. 8 is
more

Sample of No. 10 is
more

Phase B in both of
samples

9, 11 Sample of No. 9 is
more

Sample of No. 9 is
more

-

dicates the difference in the amount of crystalline hydrox-
yapatite in the relevant samples. Less crystalline hydroxya-
patite in a sample may be due to less amount of the min-
eral sector, or more amount of amorphous hydroxyapatite
or additional crystalline phases in the sample. The results
of the comparison of diffractograms of the alveolar sam-
ples bone showed that, in all cases, comparison of two cor-
responding points in the jaws (1 and 4), (1 and 7), (5 and 4),
(5 and 7), (2 and 6) and (3 and 6) the crystallinity degree of
phase A in the mandible is more than the maxilla. In com-
parison of two corresponding points in the maxilla (4 and
6), (7 and 6), degree of crystallinity and the crystalline hy-
droxyapatite on the right has been more than on the left.

In comparison of two corresponding points in the
mandible (1 and 3), (5 and 3), (1 and 2) and (5 and 2), de-
gree of crystallinity and the crystalline hydroxyapatite on
the right has been more than on the left. If the samples are
sampled from the same places (1 and 5), (2 and 3), we can
consider the impact of gender. The amount of crystalline
hydroxyapatite phase in females is more than males and
crystallinity degree of this phase in males is more than fe-
males, and in the same condition in younger people, the
hydroxyapatite crystalline phase is more than others and
crystallinity degree of this phase in older subjects is higher
than others. Another result was that there is the additional
phase B (α-ca3 (PRO) 2) in both compact bone samples (10
and 8) but there isn’t in any cancellous bone samples (9
and 11).

4. Discussion

In the present study X-RD was used to provide most
definitive structural information about bone mineral sec-
tor. X-RD showed three kind of composition based on their
diffraction. Hydroxyapatite crystalline phase was avail-
able in all cases and two additional phases were observed
in some samples. The result of this study showed that

Table 2. Comparison of Alveolar Bone Samples in the Maxilla and Mandible

Additional Phase Height of the
Peak in 2θ = 31.9°

(Amount of
Crystalline

Hydroxyapatite)

The Degree of
Crystallinity in
the Common

Phase

Samples

- Sample of No. 1 is
more

Sample of No. 1 is
more

1, 2

phase B in
sample No.3

Sample of No. 1 is
more

Sample of No. 1 is
more

1, 3

phase B in
sample No.5

Sample of No. 5 is
more

Sample of No. 5 is
more

5, 2

phase B in both
of samples

Sample of No. 5 is
more

Sample of No. 5 is
more

5, 3

phase B in both
of samples

Sample of No. 4 is
more

Sample of No. 4 is
more

4, 6

Phase B in
sample
No.6Phase C in
sample No.7

Sample of No. 7 is
more

Sample of No. 7 is
more

7, 6

phase B in
sample No.4

Sample of No. 1 is
more

Sample of No. 1 is
more

1, 4

phase B in
sample No.7

Sample of No. 1 is
more

Sample of No. 1 is
more

1, 7

phase B in both
of samples

Sample of No. 5 is
more

Sample of No. 5 is
more

5, 4

Phase B in
sample No.5
Phase C in
sample No.7

Sample of No. 5 is
more

Sample of No. 5 is
more

5, 7

phase B in
sample No.6

Sample of No. 2 is
more

Sample of No. 2 is
more

2, 6

phase B in both
of samples

Sample of No. 3 is
more

Sample of No. 3 is
more

3, 6

phase B in
sample No.5

Sample of No. 5 is
more

Sample of No. 1 is
more

1, 5

phase B in
sample No.3

Sample of No. 3 is
more

Sample of No. 2 is
more

2, 3

Phase B in
sample
No.4Phase C in
sample No.7

Sample of No. 7 is
more

Sample of No. 4 is
more

4, 7

the hydroxyapatite phase in females was more than males
and crystallinity degree of this phase in males more than
females, because the presence of additional crystalline
phases is the reason for the lack of crystallinity degree of
hydroxyapatite crystallization phase in the samples of fe-
males. It may be associated with genetic variations or may
be associated with circulating hormones that play an im-
portant role in bone turn over and bone metabolism (1).
Since additional phase doesn’t have any relationship with
gender, but is related to the nature of the bone tissue, it
seems that, in the samples of females, the amount of com-
pact bones and therefore additional crystalline phases is
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more than others. Our results are consistent with other re-
searchers have previously stated (6, 10).

In the same condition in younger people, the hydrox-
yapatite crystalline phase is more than others and crys-
tallinity degree of this phase in older subjects is higher
than others. Keeting et al. showed the same teeth in grow-
ing children move about twice as fast as they move in
adults and they suggested the rate of tooth movement in
inversely related to bone density and the volume of bone
resorbed (12).

The result of the present study showed the crystallinity
degree of hydroxyapatite in the mandible is more than
the maxilla and also the degree of crystallinity and the
crystalline hydroxyapatite on the right side has been more
than on the left side. This difference may be due to using
one side more than the other for function such as masti-
cation. Repetitive loading generates a specific response,
which is associated with decreasing in remodeling (13).

This difference in mineral sector of alveolar bone can
affect the rate of tooth movement. Goldie and King sug-
gested that in the rodent model, teeth were shown to move
faster in animals that had an induced decrease in bone den-
sity (14) and also a similar study in beagle dogs showed that
tooth movement was slower in denser dentoalveolar com-
plexes (15). If so, when the two bone samples are subjected
to the same forces, a sample has more organic content and
therefore fewer minerals, will respond to this force better
and faster.

Thus, according to the results, it can be expected that,
tooth movement despite the influence of the same forces
in the same form and size of the root on the left side is done
faster than the right side and on the maxilla is done faster
than the mandible.

A histomorphometric evaluation of alveolar bone
turnover between the maxilla and the mandible during ex-
perimental tooth movement in dogs has defined the differ-
ential response of the jaws to tooth movement (16). From a
clinical perspective in consistent with our result, maxillary
bone is more responsive orthodontic loading because it is
primarily composed of trabecular bone (17).

4.1. Conclusion

1. The degree of crystallinity and the amount of crys-
talline hydroxyapatite in the mandible is more than the
maxilla and on the right side is more than the left side.

2. The crystallinity degree of crystalline hydroxyapatite
in compact bone is more than the cancellous bone.

3. In compact bone, there is an additional crystalline
phase that can’t be seen in cancellous bone.

4. Tooth movement despite the influence of the same
forces in the same form and size of the root on the left side
is done faster than the right side and on the maxilla is done
faster than the mandible.
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