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The impact of growth and occlusal function on

pig alveolar bone
ZY¥A,DDS,MDS,PhD

Introducton ERIPEBFEDA

Alveolar bone supports teeth during chewing through a ligamentous
interface with tooth roots. Although tooth loads are presumed to direct
the development and adaptation of these tissues, strain distribution in
the alveolar boneat different stages of tooth eruption and periodontal
developmental is unknown. Meanwhile, thesupporting alveolar bone

was expected to develop a dominant trabecular orientation (anisotropy)
only after occlusal loading. Thisstudy investigates the biomechanical
effects oftooth loading on developing alveolar bone as a tooth erupts
into occlusion. Mandibular segments from miniature pigs, Susscrofa,
containing M1 either erupting or in functional occlusion, were loaded
in compression. Simultaneous recordings were made from rosette
strain gages affixed to the lingual alveolar bone and the M2 crypt.
Overall, specimens with erupting M1s were more deformable than
specimens with occluding M1s (mean stiffness of 246 vs. 944MPa,
respectively, p=0.004). The major difference in alveolar strain between
the two stages was in orientation. The vertically applied compressive
loads were more directly reflected in the alveolar bone strains of
erupting M1s, than those of occluding M1s, presumably because of the
mediation of a more mature periodontal ligament (PDL) in the latter.
The PDL interface between occluding teeth and alveolar bone is likely
to stiffen the system, allowing transmission of occlusal loads. Alveolar
strains may provide a stimulus for bone growth in the alveolar process
and crest. Occlusal function did not lead to increased alveolar
structural anisotropy. The impact of occlusal function on cancellous
bone anisotropy may need a more extensive period of timeto
demonstrate.
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Materials and Methods

In vitro alveolar strain was measured in left side mandibular

segments of 7 miniature pigs with erupting first molars (M1) and 6
miniature pigs with functional M1s. Pigs with erupting M1s were
12weeks of age and pigs with functional M1s were 22weeks. Rosette
strain gages were affixed posterior to M1 on the anterior wall of the M2
cryptand on the lingual cortex adjacent to the posterior M1 cusps.
Stiffness was calculated as the slope of the linear region of the
stressstraincurve between 200-440N. Applied stresses were estimated
by dividing compressive loads by the M1 cross-sectional area. Overall
specimen strains were calculated as the change in distance between

compression platens divided by the pre-testdistance. Histology ofthe
M1 periodontium was performed on the erupting (N=3) and occluding
M1s (N=3). Specimens were cutfrom mandibles postmortem and
decalcifiedin8% EDTAorsolution. Decalcifiedtissueswere paraffin
embedded and sectioned sagittaly at 7um. Sections including the
entire length of the tooth root were stained with Hemotoxylin and Eosin
(H&E) and TRAP, examined using light microscopy. Bone apposition
speed was measuredbybone markerappositionrate (MAR )after
injecting calcein, alizarinred, tetracycline and demeclocyclin bone
markers sequencially into the pig bodies . Specimens were scanned on
a Scanco Medical uCT 20 at a 22 ym voxelresolutionfor structural
analysis.

M,

Bone

A
M‘I
S /\/-\7
Figure 1. First mandibular molar, M, at the mucosal J LJ\}-,-
penetration stage of tooth eruption (A) and after it has L N B
fully erupted into occlusion (B). Cis a cartoon of stage A [ U
and B.
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Figure 3. Reticular fibrolamellar bone from
the midroot region of a 13 week erupting
M, (A) and 23 week, occluding M, (B). The
younger bone appears more porous with
thinner woven bone trabeculae, whereas
the older bone appears denser with filling
in of primary osteons (arrows).

@ In both groups, the bone distal to the M, showed mainly of reticular
fibrolamellar structure.

€ However the woven bone matrix appeared thicker in the older group than in
the younger group.

€ No secondary osteon (bone remodeling) was found in both groups.

5414 Lt 5536 Lt
5536 Lt. 5414Lt 4565 Lt
4565 Lt f
5398 Rt
5545 Rt 5545 Rt
5398 Rt. Occlusal plane

Occlusal plane

Buccal Lingual
Posterior Anterior
Non-occluding crypt strain angle
Non-occluding lingual bone strain angle
5545 Lt
4565 Rt 5414 Rt 5398 Lt 4565 Rt
5545 Lt 5398 Lt 5536 Rt
5536 Rt 5414 Rt
Occlusal plane
e
C Posterior Anterior D Buccal Lingual

Occluding lingual bone strain angle Occluding crypt strain angle

Figure 4. Orientations of minimum principal strain (Min), compression. Strain
orientations for the lingual gage (A) and crypt gage (B) in specimens with
erupting M,s. Strain orientations for the lingual gage (C) and crypt gage (D)
in specimens with occluding M,s.
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Stiffness 13week 23week

(MPa) tooth tooth

érupting  occluding -~ Figure 5. Stiffness measurements.

(n=7) (n=6)
meantS.D. 246:59 9443341 Figure 6 (bottom).

A: Connectivity of cancellous bone.
Mann- 0.01 B: Degree of anisotropy of cancellous bone
Whitney U C: BV/TV of ABP vs. cancellous bone
ry D: BV/TV of ABP from cervical to apical
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e 0.7
0.6
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04 5P 0.4
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@ 0.2 »Middle
01 =apical
c | D
13week

23week Non-occluding Occluding

..

Figure 7. Bone mineral apposition rate (MAR) measurements.

13week week Non-occluding Qccuding

Figure 8. Osteoclast cells

€ TRAP-stained osteoclasts were
observed in all alveolar bone proper and
. cancellous bone regions.
» € There was no marked differences
between any region or age group.
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Conclusions

1.Growth and occlusal functionled to higher stiffness an lower bone

strain.
2.Growthled to distinct ABP and cancellousbone development, but not

occlusal force.

.But no anisotropic change after growth and occlusion function.
.Only baseline boneresorption activity.

.Bone apposition accumulated steadily, no rapid increase.

o O~ W

. Still woven bone structure.
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Introduction

Alveolar bone supports teeth during chewing through a
ligamentous interface with tooth roots. Although tooth loads are
presumed to direct the development and adaptation of these
tissues, strain distribution in the alveolar bone at different stages of
tooth eruption and periodontal developmental is unknown.
Meanwhile, the supporting alveolar bone was expected to develop a
dominant trabecular orientation (anisotropy) only after occlusal
loading. This study investigates the biomechanical effects of tooth
loading on developing alveclar bone as a tooth erupts into occlusion.
Mandibular segments from minfature pigs, Sus scrofa, containing M,
either erupting or in functional occlusion, were loaded in
compression. Simultaneous recordings were made from rosette
strain gages affixed to the lingual alveolar bone and the M, crypt.
QOverall, specimens with erupting M,s were more deformable than
specimens with occluding M;s (mean stiffness of 246 vs. 944MPa,
respectively, p=0.004). The major difference in alveolar strain
between the two stages was in orientation. The vertically applied
compressive loads were more directly reflected in the alveolar bone
strains of erupting M,s, than those of occluding M,s, presumably
because of the mediation of a more mature periodontal ligament
(PDL) in the latter. The PDL interface between occluding teeth and
alveolar bone is likely to stiffen the system, allowing transmission of
occlusal loads. Alveolar strains may provide a stimulus for bone
growth in the alveolar process and crest. Occlusal function did not
lead to increased alveolar structural anisotropy. The impact of
occlusal function on cancellous bone anisotropy may need a more
extensive period of time to demonstrate.

Materials and Methods

In vitro alveolar strain was measured in left side mandibular
segments of 7 miniature pigs with erupting first molars (M,) and &
miniature pigs with functional M,s. Pigs with erupting M;s were 12
weeks of age and pigs with functional M1s were 22 weeks. Rosette
strain gages were affixed posterior to M1 on the anterior wall of the M,
crypt and on the lingual cortex adjacent to the posterior M1 cusps.
Stiffness was calculated as the slope of the linear region of the stress-
strain curve between 200-440N. Applied stresses were estimated by
dividing compressive loads by the M, cross-sectional area. Overall
specimen strains were calculated as the change in distance between
compression platens divided by the pre-test distance. Histology of the
M, periodontium was performed on the erupting (N=3) and occluding
M;s (N=3). Specimens were cut from mandibles postmortem and
decalcified in 8% EDTA or solution. Decalcified tissues were paraffin
embedded and sectioned sagittaly at 7um. Sections including the
entire length of the tooth root were stained with Hemotoxylin and
Eosin (H&E) and TRAP, examined using light microscopy. Bone
apposition speed was measured by bone marker apposition rate (MAR)
after injecting calcein, alizarin red, tetracycline and demeclocycline
bone markers sequencially into the pig bodies. Specimens were
scanned on a Scanco Medical pCT 20 at a 22 ym voxel resolution for
structural analysis.

A
Figure 1, First mandibular molar, M, at the mucosal \
penetration stage of toath eruption (A) and after it has o L0 B
fully erupted inta occlusion (B). Cis a cartoon of stage A
and B,
A B
L €
i / Figure 2. Bone samples were collected from
v the diastema and distal to the erupting and
w ) occluding M, (4], Rosette stroin goges

affixed. B: samples were loaded under MTS/
Sintech materials testing machine, C:
Stiffness measurement.

Figure 3. Reticular fibrolamellar bone from
the midroot region of a 13 week erupting
M, (A) and 23 week, occluding M, (B). The
younger bone appears mare paraus with
thinner woven bone trabeculae, whereas
the older bone appears denser with filling
in of primary asteans (arrows).

Conclusions
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4+ In both groups, the bone distal to the M, showed mainly of reticular
fibrolamellar structure.

# However the woven bone matrix appeared thicker in the older group than in
the younger group.

# No secondary osteon (bone remodeling) was found in both groups,
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Figure 4. Orientations of minimum principal strain (Min), compression. Strain
orientations for the lingual gage (A) and crypt gage (B) in specimens with
erupting M.,s. Strain orientations for the lingual gage (C) and crypt gage (D)
in specimens with occluding M,s.

Figure 5. Stifiness measurements.

Figure 6 (bottom).

A: Connectivity of cancellous bone.

B: Degree of anisotropy of cancallous bone
C: BVITV of ABP vs. cancellous bone

D: BVITV of ABP from cervical to apical

Figure 7. Bone mineral appasition rate (MAR) measurements.

Figure 8. Osteoclast cells

# TRAP-stained osteoclasts were
observed in all alveolar bone proper and
. cancellous bone regions.
-~ # There was no marked differences

between any region or age group.
—

Growth and occlusal function led to higher stiffness and

lower bone strain.

. Growth led to distinct ABP and cancellous bone
development, but not occlusal force,

. But no anisotropic change after growth and occlusion
function.

. Only baseline bone resorption activity.

. Bone apposition accumulated steadily, no rapid increase.

. Still woven bone structure

strain and in vivo stress distribution 11 human dental supporting structures. Archives
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ligament with special reference to collagen fibre ontogeny. Journal de Biologie
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the role of facial sutures. Journal of Morphology 257, 33-44.

induced shear stress decreases osteoclastogenesis through RANKL and OPG
signaling. Bone, 39, 1043-1047.
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Treatment choices of Primary Anterior Teeth:
A survey of Taiwan Dentists

Shu-Wei Wu , Yen-Kuang Lin , Cheng-Yu Hsieh , Pzong-Ping Tsai , Chia-Lan Hsiang
BEBERESRN, Department of Pediatric Dentistry of Taipei Municipal Wan-Fang Hospital, Taipei
Medical University , Taiwan Academy of Pediatric Dentistry
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Background & Aim

Due to advances in dental material technology , there aremore

treatmentoptions for restoration of primary anterior teeth . Thisstudy
was designed to survey the differences between pediatricand general
dentists regarding treatment choices of primary anterior teeth in
Taiwan.

The questionnaire was developed using SurveyMonkey, an online
surveytool. Subjects were invited to participate in the study through
face to face, e-mail or message involved website.

Participants were required to answer a total of 23 questions, according
to the type of restorations for treating primary anteriorteeth, factors
thatinfluenced their choice of treatment, and treatment choices of
primary anterior teeth through the presentation of clinical case. The
statistical analysis was performed with SPSS software (Version19.0) .

Of the 943 electronic surveys distributed, 296 (31%) were completed,
of which 139 (47%) werepediatric dentists and 157 (53%) were
general dentists. Althoughpediatric and generaldentists selected most
common restorations in the same order of preference, thereare
significantdifferences in the proportions between the two groups (&6).
Parents were the main factor that influenced their choice of
restoration. (& 8)
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The dislodgement of primary 85.5%
anterior teeth restorations was the
major concern for themajority of 56.9%

B Pediatric dentists
® General dentists
43.8%

respondents (73%)(B9) .When
presented with cases of varying

. . 21 0% 21.2% 18.3%
severity of caries,there are . .
significant differences between

RBCs RSCs Gl

pediatric and general dentists
B 4:Three of the most common choices

choices. ( 7) forprimary anterior teeth restorations

5] 1 O

Varying severity of caries

47.5% 48.4%

& therapy treatment |faced coronal
(Gumboil (39.5%) |SSC restoration
or fistula) |RBCs (46.8%)

27.4%) |R
et (2812?%) Dislodgment Seco_ndary Fracture Aesthetics

\ J caries

ideli B Pediatic dentists
Inter- RBCs RBCs 34.5%34.2% ® General dentists
proximal  |(49.0%) |(69.0%)
caries
/ Multiple RBCs RSCs Full
| |surfaces  |(54.1%) |(59.6%) |coronal 9_30/12.7% S
caries restoration . /0
(NO Incisal [ | 5%
edge Parents Teeth Patient Doctor
involved) |
Multiple ~ |RBCs  |RSCs  |Full = . .
Su,fa’;es (46.5%) |(59.6%) |coronal B 6:The main factor that influence your
Gl figen festoration choice of restoration.
(Incisal faced
edge SSC
involved) (25.9%)
1 7 o7 2.0%
y "r‘]ee" pulp' |No foDeg ol | oe m Pediatric dentist
therapy treatment |face corona n
(NO (44.6%) SSC restoration Qensml dentist
. Gumboil or RBCs (49.7%)
fistula) (27.4%) |RSCs
(28.8%)
Need pulp No Open Full
12, 9%12 1% o
9.4% 7 5% 5.7% 4 5%
HE ==

& 5:Dentists’ choice for primary anterior teeth & 7:Dentists’ major concern for primary
restorations. (varyingseverityofcaries) anterior teeth restorations.

Conclusion

There are significant differences between pediatric andgeneraldentists
in treatment choice of primary anteriorteeth. Pediatricdentists
treatment choices conform toThe American Academy of Pediatric
Dentistry guideline.
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Teeth: A survey of Taiwan Dentlsts

Shu-Wei Wu , Yen-Kuang Lin, Cheng-Yu Hsieh , Pzong-Ping Tsai ,Chia-Lan Hsiang
7 1% 55 IR, Department of Pediatric Dentistry of Taipei Municipal Wan-Fang Hospital,
Taipei Medical University , Taiwan Academy of Pediatric Dentistry

Backgr ound & A_ The dislodgement of primary anterior teeth restorations

was the major concern for the majority of respondents

Due to advances in dental material technology , there are (73%) (Figure 3) .When presented with cases of varying
more treatment options for restoration of primary anterior severity of caries, there are significant differences
teeth . This study was designed to survey the differences between pediatric and general dentists choices.(Table 1)
between pediatric and general dentists regarding
treatment choices of primary anterior teeth in Taiwan . Fig .3: Dentists’ major concern for primary anterior
: teeth restorations
_Design SN .
® Pediatric dentist
The questionnaire was developed using SurveyMonkey, ® General dentist
an online survey tool. Subjects were invited to participate
in the study through face to face, e-mail or message
involved website.
Participants were required to answer a total of 23
questions, according to the type of restorations for 12, 9%12 10/
treating primary anterior teeth, factors that influenced o 9.4% 7 8% 5.7% 4.5%
their choice of treatment, and treatment choices of - [ ] . -"
primary anterior teeth through the presentation of clinical Dislodgment Secondary Fracture Aesthetics

case. The statistical analysis was performed with SPSS caries

ftw Version 19.0) .
sciwacaifersion ) Table 1- Dentists’ choice for primary anterior teeth

Result restorations (varying severity of caries )

Varying severity of caries AAPD
Of the 943 electronic surveys distributed, 296 (31%) guideline
were completed, of which 139 (47%) were pediatric
dentists and 157 (53%) were general dentists. Although { Inter- RBCs RBCs RBCs
pediatric and general dentists selected most common proximal |(49.0%) |(69.0%)
restorations in the same order of preference, there are caries

significant differences in the proportions between the
two groups (Figure 1). Parents were the main factor
that influenced their choice of restoration. (Figure 2)

Multiple RBCs RSCs Full
surfaces (54.1%) (59.6%) coronal
caries restoration
(NO Incisal
edge
involved)
Multiple RBCs RSCs Full
surfaces (46.5%) (59.6%) coronal
caries Open restoration

Fig.1 Three of the most common choices for
primary anterior teeth restorations
88.5%

® Pediatric dentists

o (Incisal faced
56.9% ® General dentists edge ssC
43.8% involved) (25.9%)
Need pulp |No Open Full
21.29 therapy treatment |faced coronal
18.3% ;
(NO (44.6%) |SSC restoration
Gumboil or [RBCs (49.7%)
fistula) (27.4%) |RSCs
RBCs RSCS Gl (28.8%)

Need pulp |No Open Full
therapy treatment |faced coronal
(Gumboil |(39.5%) |SSC restoration
or fistula) |RBCs (46.8%)

(27.4%) |RSCs

Fig. 2:The main factor that influence your
choice of restoration

47.5% 48.4%

®m Pediatic dentists (21.4%)
345%3429 W General dentists Conclusion
There are significant differences between pediatric and
9.3942.7% 8 6% general dentists in treatment choice of primary anterior
5% teeth. Pediatric dentists treatment choices conform to
Parents Teeth Patient Doctor The American Academy of Pediatric Dentistry guideline.
| .
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Orthodontic Treatment of upper center incisor root
fracture : Case Report
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1.#11 severe buccal subluxation with mobility and percussion pain, EPT negative (R/O pulp
necrosis)

2.#21 lingual block in with apical third fracture, without mobility , EPT positive(ig & & 3% 7~ °
#2 1V B HCNE)
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