TAOYUAN DENTAL
ASSOCIATION

£ 17 5 RE w0 e 1 K S
2kl 55— 4

Molecular and structural assessment of alveolar bone during tooth
eruption and function in the miniature pig, Sus scrofa
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Introduction

Alveolar bone is well known to develop during a tooth’s eruption into function, however, the
transitions in bone structure adjacent to the developing tooth root and mechanisms driving these
changes are not well understood. Woven bone forms a crypt that surrounds tooth buds during
development and remodels as tooth bud grows.1, 2 With crown formation complete intraosseous tooth
eruption begins, corresponding with the resorption of the coronal portion of the alveolar crypt and
apposition occurring adjacent to the developing root. 3, 4, 5 The underlying space left by the erupting
tooth has been observed to be filled with premature woven bone.6 On the other hand, a fully erupted
and functional tooth relies on the anchorage of the periodontal igament (PDL) within the alveolar bone
proper (ABP) for immediate occlusal support. Distal to the tooth root, cancellous bone fills the interior
spaces of the alveolar crest and cortical plates support the outer surface of the dental arches. Although
the ABP and cortical bone differentiate themselves from cancellous bone by higher bone density, it is
still not clear that they are constituted by mature lamellar or premature woven bone structures as well
as the potentially associated molecular mechanisms

This study aims to define the structural transition in pig alveolar bone during tooth eruption through
molecular and structural assessment of alveolar bone of miniature pigs at the mucosal penetration
stage of tooth eruption and the onset of functional occlusion. In particular, this study tested the
hypotheses that predominantly woven bone forms adjacent to the tooth root during the mucosal
penetration stage of tooth eruption, but that this immature structure transitions to lamellar bone during
early tooth function. In addition to the increased lamellar bone formation corresponding with the onset
of tooth function, osteoclasts are predicted to play a key role in resorbing the woven bone accrued
during tooth eruption.

Materials and Methods

Hanford miniature pigs were acquired at 13 and 23 weeks of age, corresponding with the mucosal
penetration stage of M1 tooth eruption and early occlusion of M1/M1 (Fig. 1). Tissues for histological
processing were collected postmortem, decalcified in 8% EDTA or solution. Decalcified tissues were
paraffin embedded and sectioned sagittaly at 7m. Sections including the entire length of the tooth root
were stained with Hemotoxylin and Eosin (H&E) and TRAP, examined using light microscopy. In TRAP
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stained tissues, the bone posterior to the tooth root was divided into cervical (adjacent to the CEJ),
middle and apical thirds. A1 x 1 mm region was identified within the alveolar bone proper (adjacent to
the periodontal ligament) and further distal within the cancellous bone (midway between the ABP and
the distal M2 crypt). Osteoclasts were identified as darkly staining multi-nucleated cells that were
sometimes adjacent to Howship lacunae and counted.

Alveolar bone samples from the mandibular diastema and distal M1 regions were collected from 3
pigs of each age group (Fig. 2). The diastema region which lacks teeth was used to represent gene
expression patterns in non-tooth supporting regions. Gene expression associated with the regulation of
osteoclast formation, such as the receptor activator of NF-B ligand (Rankl), osteoprotegerin (Opg), and
colony stimulating factor (Csf-1) was measured in order to assess the role of osteoclast activity in bone
adjacent to tooth roots during eruption. Additionally, genes associated with bone formation, such as
Runx2 and Bsp were compared between eruptive stages to determine whether the osteoblast activity
differed between eruptive stages. Cellular RNA was isolated from tissues using Trizol Reagent For
PCR analysis. cDNA was synthesized using 1.0 g total RNA with a cDNA synthesis kit (Roche).
Quantitative Real-Time PCR (qRT-PCR) reactions were carried out with the LC 480 DNA Master SYBR
Green | kit (Roche). Primer sequences were designed from pig partial coding sequences (Table 1) to
amplify specific cDNA. Glyceraldehyde-3-phosphate dehydrogenase (Gapdh) served as a reference
gene for normalization. Cultured porcine bone marrow cells were induced to differentiate into
osteoblast cell lineages to provide stable ratio of target to reference genes and to normalize all samples
within each run for gRT-PCR calibration. Template DNA was replaced with PCR-grade water as a
negative control. The amplification profile used on the Lightcycler was: 950C /0s; 580C /7s; 720C /20s
and 50-55 cycles.

Each sample was amplified in triplicate for each gene. The mean value for triplicate experiments was
used to compare samples from different age groups and locations using non-parametric statistical
analyses (Mann-Whitney U tests). A p value of less than 0.05 was considered significant.

Diasterna Distal M,

Figure 1. Figure 2.
First mandibular molar, M1 at the mucosal penetration stage of Bone samples were collected from the diastema and distal to
tooth eruption (A) and after it has fully erupted into occlusion (B). the erupting and occluding M1.

| Ranki AY60682 TGTGAGACTACTAAGCGG | GCAGGTTCCAGCATGA

| Opg EF543195 GGGGCTCCTTCTAACT CTCCGCAAGAAGTCCA

‘ Csf1 A)583506 | TCGTGCCAAATTGCCT | CGTCTCATAGAAAGTTCGGA
Bsp L10363 ACGAAGGCATGAATTGT ACGGGTAGGTATCGTGA

Runx2 EUG68154  CAAAGCCAGAGCGGAC | AATTTGGATTTAATAGCGTGC

| Gn_pdh | AF017079 | GATCGTCAGCAATGCC | CCGGTAGAAGCAGGGA

Table 1. Primer sequences for Sus scrofa specific genes.
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Figure 3.

Reticular fibrolamellar bone from the midroot region of a 13 week
erupting M1 (A) and 23 week, occluding M1 (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 M1 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.

Osteoclast Cell Numbers
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I Adjacent to root

m Distal from root

Figure 4.

Osteoclast cell counts from bone distal to
the 13 week erupting M1 and 23 week,

occluding M1.

€ 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.

Real Time PCR

Table 2. Target gene expression relative to Gapdh from bone samples.

4425 13wk

diastema

| 0.13£0.00

| | 24.68+40.5 0.63+0.04 27,808 +156 4.1940.13
5060 13wk diastema }u.zs: 0.02 188.32+308 0.70+0.03 20,378 +3640 6.320.31
5061 13 wk diasens ‘o.zuu.us 7.178.7 0.4940.07 20,538 +1612 3.6140.58
Mean 13 wk dlastema ‘o.zo: 0.06 0.6140.11 22,908 £4244 4.71+1.42
(4501 23wk diastema 10.0720.01 118.99+20 0.2310.10 11,411+1384 |2.14£0.07
5069 23wk diastema ‘O.‘JT#U.D# 164.074245.7 1.11£0.12 211,673 416,868 10.05£0.37
‘son1 23wk | Genstaina 0.3820.02 178.495222 0.66+0.02 666394851 | 7.4340.33
| Mean 23wk diastema 1 0.39:0.36 0.67+0.44 96,574 +103,432 6.54+4.03
5060 13wk M, distal 0.61£0.03 6800+11,611 1.29+0.16 44,838 +14,325 12.61£2.04
}snsz 13 wk M; distal 0.43£0.03 14,841+20,981 0.54+0.06 44,796 +8683 6.18+0.84
Mean 13wk M isa 0.52£0.13 0.92+0.53 48,817129 9.39+4.55
as01 23wk b distal 022:0.03 177.25+167.4 0.38+0.04 27,82523724 2.15£0.17
}soss 23wk ', distal 0.19:0.03 449457 0.6640.14 38012334 4.20¢1.48
|s071 23wk '_ M, distal 1102011 6620 +61.9 150£0.25 s2,22a44721 . 12.3841.33
‘Mean 23wk M, distal 0.50£0.52 0.8440.58 27,983+24,211 6.2445.41 |

@ Gene expression values were similar between locations and age groups.
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Conclusions
1.The alveolar bone showed no mature lamellar structure but dense fibrolamellar structure that
included primary osteons in both groups.

2.Younger pigs had less dense and more finely reticulated alveolar bone structure than the older pigs.

3.0steoclast cell counts indicate a lesser role for resorption in the osseous changes surrounding M1
tooth roots.

4.The consistent levels of expression of Rankl and Csf-1 in alveolar bone associated with erupting and
functioning molars further indicates the presence of constitutive levels of resorption.

5.Consistency in expression of genes associated with bone modeling, Runx2 and Bsp, suggest that
incremental bone apposition may generate the structural differences in alveolar bone between 13
and 23 week pigs.

6.0cclusal loading, in contrast to expectation, did not lead to early remodeling of supporting alveolar
bone structure which can fortify the strength of bone.

7.These data support the importance of primary stability in the success of immediate implant,
especially when immediate occlusal loading is applied.
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Implantation with Simultaneous Guided Bone Regeneration for Cantilever
Fixed Partial Denture over Maxillary Posterior Edentulous Area: A Case Report
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Figure 1. Pre-operative clinical photos and radiographs
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Figure 2. Clinical photos of implant surgery

Figure 5. Prosthetic loading
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Figure 6. Prosthetic loading for 18 months
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‘ ; o\ Medical Device Development of Functional Bone Graftin

‘BYMD/ Bone Regeneration

SR (Chi-Ming, Wu)

Background:

Previously studies showed that platelets would be release growth factors to promote damaged
tissue repairininjury site. The aim of this study was to develop an functional bone grafts for
improving bone injury by combining with autologous Platelet Rich Plasma (PRP) and calcium
sulfate bone grafts. Additionally, we also found that the degradation rate and growth rate are
consistent with the periphery bone tissue in bone defects.

Materials and Methods:

We have already made up functional bone grafts for bone healing, which included autologous
derived factors. The below design demonstrated that the functional bone grafts have higher
potential to efficiently promote bone healing for chick limb organ culture system.

J

Incubation Harvest chicken Sacrifice Takethelegs Harvestchickens
18 days of egg embryo femur

Record the femur Cuttheshellof Stripthelnner Implantthe femur Recover
length Development Membrane into the egg the wound
7 days egg



Results:
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This study could be utilized as a functional bone grafts to prevent bone injury and, due to
promoted bone healing. Therefore, we predict the functional bone grafts is a biomedical device that
has good potential to induce bone regeneration and supplement treatmentin clinical application.

Functional bone grafts

Harvest chickens femur Angiogenesis Femur length
after 10 days
 Group  Bone Length )
Control 18 mm — 18 mm (+ Omm)
CS-Con 23 mm — 24 mm (+ 1mm)

19 mm — 21 mm (+ 2Zmm)

Conclusion:

All results have showed that Functional bone grafts are possibly considered as an effective clinical
treatment through autologous PRP and promoting bone healing healing.
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Total Dentition Distalization in Patient with Bimaxillary
Dentoalveolar Protrusion

Ya-Ying Teng (2% %)
Department of Craniofacial Orthodontics
Chang Gung Memorial Hospital, Linkou, Taiwan

Introduction

Extraction of teeth and anterior retraction either by orthodontic approach or by surgery can
effectively retract anterior teeth in a proper position and reduce the lip procumbency for patients with
bimaxillary protrusion. The case reportillustrated the non-extraction orthodontic treatment in patients
with bimaxillary protrusion with the aid of temporary anchorage devices.

Case

16 years 2 months old Chinese female presented with her chief complaint of protrusive teeth and
lips. The frontal photo showed slight facial asymmetry with transverse discrepancy, mentalis muscle
strain and no gingival display upon smiling. The profile photo revealed convex profile, shallow
labiomental fold, protrusive upper and lower lip relative to the E-line (Fig 1). She had a 1.5mm overbite,
2.0mm overjet, bilateral Class Il molar relation, #12 lingual cross bite and 0.5mm shift of lower dental
midline to her right. Clinical examination revealed four first premolars were extracted before. X-ray
presented proclined incisors and had four third molars (Fig 2). According to cephalometric analysis
(Table 1), she was diagnosed Skeletal Class | and Angle Class Il malocclusion with bimaxillary
dentoalveolar protrusion, #14 #24 #34 #44 missing.

Fig 1. Initial extraoral photo

dluy

Fig 2. Initial intraoral photo
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Treatment Strategy and Result

Due to no remarkable skeletal discrepancy & lack motivation of orthognathic surgery, the non-
extraction orthodontic tx plan was offered: Extract #18 #28 #38 #48 and reduce protrusion with en
masse distal movement by aid of temporary anchorage device (TAD) placed at infrazygomatic area and
buccal shelf of mandible on both sides (Fig 3).

After one and half year of orthodontic treatment, the upper and lower dentitions were distalized by
3mm. Class | molar relationship was established with proper OB and OJ. The facial profile and lip
posture were improved with remarkable retraction of upper and lower lips. (Fig 4, Table 1).

Fig 3. (A) Retraction direction: from TAD to the hook distal to Table 1. Cephalometric analysis before and after orthodontic
lateral incisor; (B) Profile change treatment.

Skeletal Dental

Measurement Initial  Final Measurement Initial Final

SNA() 83.0 82.5 UL-SN() 1240 108.0
J1-NA 10.0 )
SNB () 820 81.0 UI-NA (mm) 5.0
UI-NA() 38.0 235
ANB() 1.0 1.5
L1-NB (mm) 7.0 3.0
Wits (mm) -1.5 2.0
LI-NB() 32.0 230
SN-FH () 5.0 5.0
U1-L1() 109.0 131.0
e ' : SN-MP( 26.0  26.0
(B) 0 LI-MP() 96.0 90.0
A-Nv -0.5 -0.5 .
Initial 6M : Final Post tx 1Y v(mm) Soft Tissue
Pog-Nv(mm) -2.0 25 NLA() 88.0 103.0
UFH 46 45.6 UL-Eline 3.0 0.5
/LFH (%) /54 154.4 LL-E line 9.0 3.0
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 reduce lip protrusion

v achieve lip competence

4/ U1:retract 5mm, extrude 1mm
v/ U6: retract 2.5mm

4 L1:retract 5mm, intrude 1mm
v/ L6: retract 2.5mm

Conclusion and Discussion

- Extraction modality either in orthodontic or orthognathic approach is always the primary decision and

is effective in treating patient with bimaxillary dentoalveolar protrusion.

- Due to missing four first premolars in this case, we reduced protrusion with distalization of upper and

lower dentitions by miniscrews.

- Miniscrew-assisted distalization of dentition could be an effective and relatively easy modality in

treating bimaxillary dentoalveolar protrusion with less skeletal discrepancy, mild crowding, mild
dentoalveolar protrusion.

- Biological boundary should not be overwhelmed when distal movement of the whole dentition.

- The long-term stability about distalization with implant anchorage has not yet been reported, more

follow-up is necessary to determine the long-term stability.





