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Abstract: 

The aim of this study was to investigate the influence of ultrasonic surgical method 

(piezoelectric surgery) on invasions to bone structure in early stages and the subsequent 

healing process of the bone defect of rat calvaria as compared with rotary cutting 

method having a proper rotation speed. Thirteen-weeks-old, male, Sprague-Dawley rats 

were used. Bone defect were prepared in rat calvaria using ultrasonic surgical apparatus 

with ultrasonic insert tip (Ui), and handpiece with round bur (Rb) as a rotary cutting 

method (control). Morphological evaluation of cutting surface in bone defects were 

assessed by scanning electron microscope (SEM) and confocal laser microscope (CLM) 

observation. Degree of invasions to bone structure in early stages after making the bone 

defects was assessed by the ratio of empty lacunae of osteocyte. Bone healing process 

was analyzed by histological observation, immunohistochemical staining with 

proliferating cell nuclear antigen (PCNA) and osteocalcin (OC), and ratio of 

PCNA-positive cells. Many fine parallel streaky cutting traces were observed in Ui 

cutting groove surface, whereas the Rb cutting grooves were flat and no parallel cutting 

traces were observed. Arithmetic average roughness of the Ui group (10.06 ± 1.96 µm) 

was significantly higher than that of Rb group (2.52 ± 0.16 µm) (p < 0.05). During the 

whole observation period, no differences in histological observation and 

immunohistochemical staining were observed between Ui and Rb groups. No 

significant differences were recognized in ratio of empty lacunae and PCNA-positive 

cells between Ui and Rb groups. In the present study, there were no appreciable 

differences on invasions to bone structure in early stages and the subsequent healing 

process of the bone defect of rat calvaria between ultrasonic surgical method and rotary 

cutting method. 

Keywords: 

ultrasonic surgical method, rotary cutting method, osteogenesis, animal models 
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Introduction 

Rotary cutting method using burs and drills are conventionally used for cutting the bone 

tissue. When cutting away the bone tissue with these rotary cutting instruments, injuries 

sometimes occur to the surrounding soft tissue by contact with the instruments1) . 

Moreover, extreme care is required in the oral maxillofacial area, where structures such 

as vessels, nerves, and mucosa are concentrated in a small area. In these type of 

surgeries, the use of ultrasonic surgical apparatus, which causes minimal injury to the 

soft tissue2,3,4), is recommended. 

Ultrasonic surgical method with a piezoelectric element and strong output, modulated 

frequency and a controlled tip vibration range , i.e., piezoelectric surgical device, 

first reported at bone surgery (ridge expansion technique) by Vercellotti T5) begun to 

widely used in dentistry. 

Their application has become more advanced in operations with osteotomy in 

craniofacial surgery1), surgical orthodontics6) and sinus floor augmentation2,3,7) in 

implant treatment, where important soft tissues such as nerves, blood vessels, and 

mucosa are involved. Gruber RM et al. reported in a pilot clinical study that the 

neurosensory disturbances of the inferior alveolar nerve with post-operatory was 

reduced, when using ultrasonic surgical apparatus in sagittal split ramus osteotomy8). 

Vercellotti T et al. reported that when using ultrasonic surgical apparatus in sinus floor 

augmentation, which is a technically demanding operation for removing extremely thin 

schneiderian membrane from the maxillary bone, no perforation was found in the 

schneiderian membrane in 95% of cases2). Also, Wallace SS et al. reported that when 

performing sinus floor augmentation with only rotary cutting instruments, perforation of 

the schneiderian membrane occurred in 30% of cases, and when using ultrasonic 

surgical apparatus, it only occurred in 7% of cases3). From these reports, the usefulness 

of ultrasonic surgical apparatus is clear in the case of surgeries with a high risk of soft 

tissue injury. On the other hand, in surgery involving bone tissue, direct use of 

ultrasonic surgical apparatus is on the usability of the apparatus or operative method of 

6,9) surgery . 

For histopathological examination, few reports are available that are comparing with 

the rotary cutting instrument10,11) and oscillating saw12) , However, the conditions of 

these reports are unclear in that, for example, the number of rotations in the rotary 
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cutting instruments used is not described10), or the number of rotations used appears to 

be too invasive to the bone11) . Thus, the bone invasiveness of ultrasonic surgical 

apparatus or their influence on the healing process is still not clear. 

As invasion of bones largely determines the prognosis of implant treatment, influence 

of bone cutting devices on bone tissue has been studied for a long time13) . In rotary 

cutting instruments, the number of rotations that produces minimum invasions on the 

bone has been determined14) and strictly defined by implant manufacturers15) . 

Accordingly, when comparing the ultrasonic surgical apparatus with rotary cutting 

instruments, it is necessary to use the specific number of rotations in rotary a cutting 

instrument that is minimally invasive to the bone. 

The aim of this study was to investigate the influence of ultrasonic surgical method 

(piezoelectric surgery) on invasions to bone structure in early stages and the subsequent 

healing process of the bone defect of rat calvaria as compared with rotary cutting 

method under the proper rotation speed. 

Materials and Methods 

Experimental device 

The following experiment devices and conditions for making bone defects were used in 

this study as shown in Fig. 1. 

1) Ultrasonic surgical method (Ui); experimental group 

Ultrasonic surgical apparatus (Surgery Falcon, Osada Electric, Tokyo, Japan, Fig. 1a) 

with an ultrasonic insert tip φ1.2 mm (ST84, Osada Electric, Tokyo, Japan, Fig. 1b) at 

frequency of 28.8 ± 0.2 kHz, and power of 12 W. 

2) Rotary cutting method (Rb); control group 

Handpiece (Cyclon Z, Sea Force, Tokyo, Japan, Fig. 1c) with a round bur φ1.2 mm 

(1648190, Dentsply Maillefer, Ballaigues, Switzerland, Fig. 1d) at rotational speed of 

800 rpm15). 
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Experimental animal 

Thirteen-weeks-old, male, Sprague-Dawley rats (Sankyo Labo Service, Tokyo, Japan) 

were used (n = 86, Details are shown in Figure 3). The rats were allowed food and water 

ad libitum and maintained on a 12-h light/dark cycle (lights on from 8:00 to 20:00) at 23 

± 1°C with 60 ± 10% humidity during the experiment. All animal experiments in this 

study were conducted in accordance with the Tokyo Dental College Guidelines for 

Animal Experimentation (Approval number: 263001; Approval date 1/4/2014). 

Operating procedure for making bone defects 

Fig. 2 shows the operating procedure for making the bone defects in this study. The 

eighty rats were under general anesthesia with an intraperitoneal administration of 

sodium pentobarbital (Somnopentyl® 0.8 µl/g, Kyoritsu Seiyaku Corporation, Tokyo, 

Japan). For surgery, the dorsal area of the calvaria of the rats were shaved considerably 

and disinfected with ethanol, then a liner sagittal skin incision was made in the skull. 

Subsequently, full thickness epidermal, hypodermal and periosteal flaps were elevated, 

and 4 grooves (width: about 1.2 mm, depth: about 0.5 mm, length: 4 mm) were prepared 

in the dorsal area of the calvarial bone according to the previous report16). The operating 

time for making one groove was 4 min and 3 min for Ui and Rb groups, respectively. 

The load was approximately 5 N on both Ui and Rb groups during operation. The 

operation was carried out under continuous saline solution irrigation (25 ml/min). Then 

the flaps were closed by suturing. 

All animals survived and recovered quickly from surgery. The rats appeared to be in 

good health throughout the test periods. 

Experimental protocol in this study is shown in Fig. 3. 

Morphological evaluation of cutting surface in bone defects 

The six rats were used for morphological evaluation of cutting surface on 3 rats 

separately for Ui and Rb groups. Animals were euthanized with an overdose of sodium 

pentobarbital. The calvarial bone area including the 4 grooves and the surrounding soft 

tissues were removed. These specimens were washed with sterile saline and distilled 

water, and they were subjected to a dehydration process with a series of ethanol aqueous 

solutions and tert-butyl alcohol replacement. 
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After the sputter-coating with gold-palladium (Au-Pd), the surface topography of 

cutting grooves were examined and photographed with a scanning electron microscope 

(SEM) (SEM; SU6600, HITACHI, Tokyo, Japan) (Experiment A described in Fig. 3). 

Arithmetic average roughness (Sa) were quantitatively analyzed using a confocal laser 

microscope (CLM) (OLS4000 CLM, Lext; Olympus, Tokyo, Japan). For CLM analysis 

in both groups, 2 grooves of 4 were randomly selected from one specimen. Values were 

expressed as the mean of measurements six grooves. Each CLM analysis was performed 

over an area of 259 μm × 259 μm with a 50× lens to determine the values of surface 

roughness (Experiment A described in Fig. 3). 

Histological assessment 

Histological assessment was performed for Ui and Rb groups at 3, 7, 14, 21 days on 10 

animals, separately. All animals were euthanized with an overdose of sodium 

pentobarbital. The calvarial bone area including the 4 grooves with surrounding soft 

tissues were extracted en bloc. These specimens were fixed with 10% neutral buffered 

formalin solution for 7 days at room temperature. Subsequently, the specimens were 

decalcified for 21 days with 10% EDTA (pH 7.0-7.5) (Wako Pure Chemical Industries, 

Osaka, Japan) at room temperature before being embedded in paraffin. Paraffin sections 

were cut approximately 5 μm in thickness and stained with hematoxylin and eosin (H-E 

staining) according to standard protocols (Experiment B described in Fig. 3). The 

specimens were morphologically observed using a universal photomicroscope 

(Axiophot 2, Carl Zeiss, Oberkochen, Germany). 

Ratio of empty lacunae of osteocyte 

Ratios of empty lacunae of osteocyte along the existing bone were calculated. The 

existing bone area of 935 μm in width and up to a depth of 50 μm from the lowest point 

of the bone defect are observed at day 3, day 7 and day 14 for in Ui and Rb groups 

according to the following formulae (n = 60) (Experiment C described in Fig. 3, dotted 

area in “a” Fig. 4). 

Ratio of empty lacunae = (number of empty lacunae / number of all lacunae) ×100 
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Immunohistochemical staining 

For immunohistochemical staining, the paraffin sections were deparaffinized with 

xylene and rehydrated using an ethanol series. The sections were washed in 10 nmol/l 

with pH 7.4 phosphate buffered saline (PBS) and endogenous peroxidase activity was 

blocked by incubating sections with 0.3% H2O2 in methanol for 30 min. 

For the analysis of proliferating cell nuclear antigen (PCNA) and osteocalcin (OC), the 

sections were incubated for 12 h at 4°C with mouse anti-PCNA primary antibody 

(PC-10, DAKO, Carpinteria, CA, USA) and rabbit anti-osteocalcin (OC; Bioss, MA, 

USA) at a dilution of 1 : 200 (PCNA) and 1 : 100 (OC). The sections were washed in 

PBS and then incubated with the secondary antibody, peroxidase-labeled anti-mouse 

IgG polyclonal antibody (Histofine Simple Stain Rat MAX-PO [MULTI]; Nichirei, 

Tokyo, Japan) for 30 min and washed with PBS. The sections were stained with 3, 

3’-diaminobenzidine (DAB substrate kit, Nichirei, Tokyo, Japan), washed in sterilized 

water, and counterstained with hematoxylin. The sections were then dehydrated 

according to established protocol and photographed using a universal photomicroscope 

(Axiophot 2). PCNA was stained at day 3 and day 7. OC was stained at day 14 and day 

21 (Experiment D, E described in Fig. 3). 

Ratio of PCNA-positive cells 

Above 30 μm from the lowest point of the bone defect, an area of 175 μm × 231 μm in 

the bone defect was submitted to quantitative analysis (n = 40) (dotted square “b” in Fig. 

4). Ratio of PCNA-positive cells was calculated according to the following 

formulae (Experiment D described in Fig. 3) in Ui and Rb groups at day 3 and day 7. 

Ratio of PCNA-positive cells = (number of PCNA-positive cells / number of all cells) 

× 100 

Statistical analysis 

For statistical analysis of results at each time point, data were analyzed with Welch’s 

t-test and were considered significant at p < 0.05. Data are expressed as means ± 

standard deviation. 
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Results 

Morphological evaluation of cutting surface in bone defects 

Many fine parallel streaky cutting traces and ruggednesses were observed along the 

entire surface of Ui group cutting groove (Fig. 5a). The high magnification image 

showed the surface of cutting traces are smooth and thin fibre-like structures are 

confirmed (Fig. 5c). 

No parallel cutting traces were observed and flat surface was recognized in Rb group 

cutting groove surface (Fig. 5b). The high magnification images confirmed many small 

irregular scaly structures covered the whole Rb group cutting surface and a few cracks 

were also observed (Fig. 5d). 

Sa of the Ui group (10.06 ± 1.96 µm) was significantly higher than that of Rb group 

(2.52 ± 0.16 µm) (* p < 0.05) (Fig. 6). 

Histological assessment 

At day 3 after the bone defect making, similar to the results of the SEM, many fine 

ruggednesses are observed along the entire Ui group cutting surface (Fig. 7a), while a 

flat surface are observed along cutting groove on the Rb group (Fig. 7b). Cutting bone 

defect areas of both Ui and Rb groups were filled with clot and empty lacunae of 

osteocyte were locally observed under the cutting surface (Fig. 7a, b). 

At day 7, granulation tissue with fibroblast, lymphocyte and capillary angiogenesis 

were observed in bone defected area in both Ui (Fig. 7c) and Rb (Fig. 7d) groups. 

Furthermore, newly formed bone including immature osteocyte was recognized in 

connective tissue adjacent to bone cutting surface. 

At day 14, in both Ui (Fig. 7e) and Rb (Fig. 7f) groups, newly formed bone with 

marginally-arranged osteoblasts and an immature lamer structure were observed in the 

bone defect areas. Capillary dilatation in fibrous connective tissue between the newly 

formed bone in both groups were recognized. 

At day 21, cutting bone defect areas of both Ui (Fig. 7g) and Rb (Fig. 7h) groups were 

filled by newly formed bone with further matured trabecular bone-like structure. The 

upper surface of new bone became flat and the volume of them were increased 

obviously than before. 
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Ratio of empty lacunae 

No significant differences (p > 0.05) of ratio of empty lacunae in marginal bone of 

defected area were recognized between Ui and Rb groups, and among at days 3 (p = 

0.92), 7 (p = 0.25), and 14 (p = 0.45) in each groups. However, the number of osteocyte 

disappearance in both group were tend to reduce between day 3 and 7, and to increase 

between day 7 and 14 (p > 0.05) (Fig. 8). 

Immunohistochemistry of PCNA in early bone healing stages and counting of 

PCNA-positive cells 

In both Ui and Rb groups, PCNA-immunoreactive cells were observed in the blood clot 

at day 3, and in granulation tissue at day 7. At day 3, positive reacted cells were 

observed in the fibroblast-like cells in both groups (Fig. 9a, b). However, strong 

immunoreactions were recognized in osteoblast-like cells at day 7 (Fig. 9c, d). 

In both Ui and Rb groups, ratio of PCNA-positive cells was tended to be higher at day 

7 (p = 0.08) compared to day 3 (p = 0.70). But, there is no significant differences 

between the 2 groups during the observation periods (p > 0.05) (Fig. 10). 

Immunohistochemistry of osteocalcin in later bone healing stage 

At 14 days after bone defect creation, Immunopositve reaction of OC was recognized at 

osteoblast in connective tissue of newly formed bone and cells in osteocyte lacunae in 

both groups (Fig. 11a, b). At day 21, positive reactions were observed at osteoblast only 

in both groups (Fig. 11c, d). 

Discussion 

Experimental conditions for Ui and Rb groups 

In ultrasonic surgical apparatus, frequency and output appropriate for bone cutting is 

already determined, with the majority of devices using a frequency between 24 kHz and 

36 kHz. Output is changed according to the voltage of the piezoelectric element, and the 

ultrasonic surgical apparatus used in this experiment had 10 possible output settings. As 

the minimum output setting at which cutting bone was possible, a power of 12W, a 
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frequency of 28.8 ± 0.2 kHz, and a water flow rate of 25 ml/min were used in this 

experiment. 

For the rotary cutting instrument, influences to bone tissue have been studied for a 

long time and conditions for use have been examined in detail particularly in the field of 

dental implant, because bone damage is largely related to implant osseointegration. 

Erikson RA et al. stated that when the instrument was used at 47°C for bone cutting for 

1 min, osteonecrosis occurred due to the associated increase in temperature13) . 

Reingewirtz Y et al. showed that when the settings of rotary cutting instruments are 

8–20 N and 400–800 rpm, there was little effect on increase in bone temperature14) . 

Also, Hillery MT et al. reported that at 400–1200 rpm, the temperature during bone 

cutting decreased17). However, in previous assessments of ultrasonic surgical apparatus, 

conditions used for controlling the rotary cutting instrument were not fixed, and there 

are also reports in which conditions are set to levels that will clearly cause bone 

damage11). Therefore, in this experiment we set the number of rotations to 800 rpm in 

the rotary cutting instrument, because it was necessary to have a number of rotations 

that cause little damage to the bone as reference. 

Morphological evaluation of cutting surface in bone defects 

In the SEM findings in this study, the Ui group surface was coarser than Rb group and 

even in the quantitative analysis of the surface roughness that Ui group had a 

significantly higher value than Rb group. 

The high magnification image showed the surfaces of cutting traces in the Ui group 

are smooth and thin fibre-like structures are confirmed. On the other hand, many small 

irregular scaly structures covered the whole Rb group cutting surfaces and a few cracks 

were also observed. This result suggested that the ultrasonic surgical apparatus causes 

tissue2,3,4) minimal injury to the soft , resulting that thin fibre-like structures will 

remaining. Small irregular structures in Rb group cutting surface seems similar to the 

previous report by Sasaki KM et al. that bur-drilled surface showed cracking and 

roughness18) . 

Although in this experiment, Ui group output and Rb group rotations were set at levels 

that had little invasiveness on the bones, Ui group presented a coarser surface than Rb 

group. The reason for this is thought to be inherent difference in the bone cutting 
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mechanism between ultrasonic surgical apparatus and rotary cutting instrument. 

Ultrasonic surgical apparatus cuts by vibration of the blade portion, the styles of 

vibrations include vertical, deflective, twisting, combination, etc. and generally cuts are 

made by colliding and crushing the target. In the rotating cutting method the blade 

strikes through the target and cuts it by scooping up the pieces. In other words, Ui group 

cuts by collision and crushing while Rb group cuts by scooping up with the blade, 

resulting that the surfaces using the round bur was comparatively flat. 

Invasions to bone structure in early stages after making the bone defects 

In this study, no difference was found in bone structure in early stages after making the 

bone defects between Ui and Rb groups based on an assessment of the rate of the empty 

lacunae. Ide Y et al. reported a lower amount of empty lacunae in the surrounding area 

when using ultrasonic surgical apparatus compared with the rotary cutting instrument11) . 

In this report, the difference in bone invasion is thought to be due to the number of 

rotations of the rotary cutting instrument19) and an invasion of Lindemann bur20,21) . 

In addition, no differences were recognized in cell proliferation properties and 

differentiation characteristic in vitro, and it was concluded that there were no 

differences in bone invasiveness22) . There are also reports of bone damage due to 

denaturation of proteins, changed metabolism or changed enzyme activity by heat 

increase, and changes in protoplasma lipids23,24) . Accordingly, both the ultrasonic 

surgical apparatus and the rotary cutting instrument used at settings may cause little 

stress and it was assumed that there was no difference in invasiveness, even though a 

clear difference in the cutting surface was observed between Ui and Rb groups in this 

study. 

Healing process after bone cutting 

When using H-E stain to conduct a histological examination, no differences were seen 

between Ui and Rb groups during the entire period of observation. To assess the initial 

healing reactions during the wound healing process, we performed 

immunohistochemical studies 3 and 7 days after the procedure using PCNA-positive 

cell rates, but no significant difference was found between Ui and Rb groups. 

Furthermore, in order to assess bone healing in later stages, we performed OC 
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immunohistochemical study 14 and 21 days after the procedure, but no clear differences 

were seen regarding OC expression. 

There are several previous studies reporting superior bone healing, such as new bone 

formation with the ultrasonic surgical apparatus compared with that obtained when 

using rotary cutting instruments10,11) . However, the conditions of the rotary cutting 

instruments used in this report11) , were settings that would easily cause damage to 

bone19) and were different from the conditions and settings used in this study. On the 

other hand, Mouraret S et al., when comparing ultrasonic surgical apparatus and a 

fissure carbide bur, used 800 rpm as the number of rotations for fissure carbide bur and 

reported that no obvious differences was found in the extent or duration of the 

post-operative inflammation25) . PCNA-positive cells are used as an indicator of cell 

proliferation26,27) and OC is used as an indicator of osteoblast activity in the later stages 

of osteogenesis26). In this study, we compared the bone healing process using these two 

assessment methods, and no difference was found in the healing process. In other words, 

while there was a difference in the state of the cutting surface created by the two 

instruments, invasion of the existing bone was equivalent to that observed at 

low-invasiveness settings, and the subsequent bone healing process was also equivalent. 

Given the rough cutting surface observed in this study, ultrasonic bone cutting devices 

may be considered disadvantageous to healing, but the actual difference between the 

two in bone healing was minimal, making it clear that the bone healing process cannot 

be judged by coarseness of the cutting surface. 

Clinical applications of ultrasonic surgical methods 

The results of this study show that there were no appreciable differences in the effects 

on bone tissue between ultrasonic surgery methods and rotary cutting instruments set at 

a low number of rotations. Crosetti E et al. reported that operation time was prolonged 

by 30% when using ultrasonic surgical apparatus as compared with conventional 

instruments28) and that the ultrasonic surgical apparatus may have some negative 

features when used for bone cutting. However, ultrasonic surgical apparatus causes 

tissue2,3,4) minimal injury to the soft , and it is the the most appealing feature. 

Furthermore ultrasonic surgical apparatus is the equivalent invasiveness on bones as 

conventional rotary cutting instrument, suggesting that it is a highly effective tool in 
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procedures of high difficulty in which bone tissue and soft tissue are in close proximity, 

such as sinus floor augmentation. 

In conclusion, there were no appreciable differences on invasions to bone structure in 

early stages and the subsequent healing process of the bone defect of rat calvaria 

between ultrasonic surgery methods and rotary cutting methods. 
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Figure legends 

Figure 1. Experimental device. 

(a) Ultrasonic surgical apparatus (Osada Surgery Falcon) was used for experimental 

group (Ui). 

(b) Ultrasonic insert tip (ST84) φ1.2 mm was used with (a). 

(c) Handpiece (CYCLON Z) was used for control group (Rb). 

(d) Round bur φ1.2 mm was used with (c). 

Figure 2. Operating procedure for making the calvarial bone defect.
 

Four grooves made in the dorsal area of the calvarial bone (a), and schema of groove
 

making view from the above (b) and the side (c).
 

Figure 3. Time schedule of experimental protocol.
 

Morphology of cutting surface bone defects by SEM and CLM evaluated at day 0 (A), 


histological assessment with hematoxylin and eosin staining section observed at days 3,
 

7 and 14 (B), ratio of empty lacunae of osteocyte calculated at days 3, 7 and 14 (C),
 

immunohistochemical analysis of PCNA at days 3 and 7 (D), and immunohistochemical
 

staining of Osteocalcin at days 14 and 21 (E).
 

Figure 4. Measuring area for evaluating ratio of empty lacunae and PCNA-positive
 

cells.
 

(a) Ratio of empty lacunae was calculated in dotted area. 

(b) Ratio of PCNA-positive cells were calculated in dotted square. 

Small circle on the cutting surface indicates a lowest point of the bone defect. 

Figure 5. SEM images of Ui and Rb groups. 

(a) and (b) were setting at magnification × 50. (c) and (d) were setting at magnification 

× 1000. Ui group images were (a) and (c). Rb group images were (b) and (d). Many fine 

parallel streaky cutting traces were observed in Ui group cutting groove surface (a). Flat 

and no parallel cutting traces were observed in Rb group cutting groove surface (b). The 

smooth and thin fibre-like structures on surfaces of cutting traces are confirmed in Ui 

group cutting groove surface at high magnification (c). Many small irregular scaly 

structures covered on the whole and a few cracks were also observed in Rb group 
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cutting groove surface at high magnification (d). Scale bar of (a) and (b): 1000 µm, and 

scale bar of (c) and (d): 50 µm 

Figure 6. Arithmetic average roughness (Sa) of the Ui and Rb groups (measuring area of 

259 μm × 259 μm). 

Sa of the Ui group was significantly rougher than that of Rb grorp. Asterisk indicates p 

< 0.05. 

Figure 7. Histological analyses of wound healing in Ui (a, c, e, g) and Rb (b, d, f, g)
 

groups at days 3 (a, b), 7 (c, d), 14 (e, f), and 21 (g, h).
 

At day 3, cutting bone defect areas of both Ui (a) and Rb (b) groups were filled with 


clot and empty lacunae of osteocyte were locally observed under the cutting surface. At
 

day 7, newly formed bone including immature osteocyte was recognized in connective
 

tissue adjacent to bone cutting surface (c, d). At day 14, cutting bone defect areas of
 

both Ui (e) and Rb (f) groups, newly formed bone with marginally-arranged osteoblasts
 

and an immature lamer structure were observed. At day 21, newly formed bone with 


further matured trabecular bone-like structure were filled cutting bone defect areas of
 

both Ui (g) and Rb (h) groups. Scale bar: 200 µm
 

Figure 8. Ratio of empty lacunae at days 3, 7, and 14.
 

There is no significant differences between the Ui and Rb groups during the observation 


periods (days 3, 7, and 14) (p > 0.05).
 

Figure 9. Immunohistochemistry of PCNA at days 3 and 7.
 

At day 3, positive reacted cells were observed in the fibroblast-like cells in both Ui (a)
 

and Rb (b) groups. At day 7, strong immunoreactions were recognized in osteoblast-like
 

cells in both groups (c, d). Scale bar: 50 µm
 

Figure 10. Ratio of PCNA-positive cells at days 3 and 7.
 

There are no significant differences between both Ui and Rb groups during the
 

observation periods (days 3 and 7) (p > 0.05).
 

Figure 11. Immunohistochemistry of OC at days 14 and 21.
 

Immunopositve reaction of OC was recognized at day 14 in both cells at osteoblast in 


connective tissue of newly formed bone and cells in osteocyte lacunae in both Ui (a)
 

17
 



 

 

 

 

             

     

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and Rb (b) groups. Positive reactions were observed at day 21 only at osteoblast in both 

groups (c, d). Scale bar: 100 µm 

EB = Existing Bone; NB = New Bone 
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【学位論文内容の要旨】

１．研究目的

従来、硬組織の切削には主にバーやドリルなどの回転切削器具が用いられてきた。しかし、こ

れら回転切削器具は、硬組織切削時に軟組織に対して切断により損傷を与えることがあり、血管

や神経、粘膜などが狭い範囲に存在する口腔顎顔面領域ではその使用にあたり細心の注意を要す

る。このような手術においては、軟組織に対する損傷が少ないとされる超音波手術器具の使用が

推奨されている。超音波手術器具の骨組織への影響については病理組織学的検討が行われている

が、比較対象とした回転切削器具の条件設定が不明瞭であり、超音波手術器具の骨侵襲の実態や

治癒過程にどのような影響を及ぼしているか未だ明らかになっていない。そこで本研究では、超

音波手術法がラット頭蓋骨骨欠損に対する骨組織への侵襲に及ぼす影響を回転切削法と比較し、

明らかにすることを目的とした。

２．研究方法

実験動物には、13週齢雄性 SDラットを用いた。実験群を超音波手術法とし、超音波手術器具

（オサダサージェリーファルコン、長田電機工業）と直径 1.2mm のインサートチップを用い、

切削条件を出力 12W、周波数 28.8±0.2kHzとした（以下： Ui）。対照群を回転切削法とし、ハン

ドピース（ CYCLON Z、シーフォース）と直径 1.2mmのラウンドバーを用い、回転数を 800rpm

とした（以下： Rb）。Ui、Rb共に、水量 25ml/min下でラット頭蓋骨に溝状の骨欠損（幅約 1.2mm、

深さ約 0.5mm、長さ 4mm）を 4本作製し、観察期間を術後 0、3、7、14、21日とした。骨切

削面の形態学的評価は術後 0 日で行い、走査型電子顕微鏡（SEM）と 3D 測定レーザー顕微鏡

（CLM）を用い評価した。骨欠損作製後早期における骨組織への侵襲の評価は、術後 3、7、14

日で行い、骨小腔の空胞化率により評価した。骨治癒過程の評価は、 H-E染色による組織学的評

価を術後 3、7、14、21日、PCNAによる免疫組織化学的評価を術後 3、7日、オステオカルシ

ンによる免疫組織化学的評価を術後 14、21日に行った。PCNAについては陽性細胞率による評

価を術後 3、7日に行った。

３．研究成績および考察 

Rbの骨切削面は、 Uiで見られた平行な切削痕はほとんど認められず、平坦であった。算術平

均粗さ（Sa）は、Uiで 10.06±1.96µm、Rbで 2.52±0.16µmであり、Ui が Rbよりも有意に

大きかった（ p<0.05）。この理由は、超音波手術器具と回転切削器具における根本的な骨の切削

様式の違いによるものと考えられる。骨組織への侵襲の評価である骨小腔の空胞化率は、 Ui と 

Rb間に有意差が認められなかった。骨治癒過程については、本実験の観察期間中 Uiと Rb間の

組織学的評価、免疫組織化学的評価において差は認められなかった。また、 PCNA陽性細胞率に

ついても両者に有意差が認められなかった。骨切削面の形状において Uiと Rb間に明らかな差を

認めたにも拘わらず、骨侵襲および骨治癒過程において差が認められなかった理由は明らかでな

いが、超音波手術器具と回転切削器具共に比較的侵襲が少ないとされる設定を用いたことが一要

因と解釈された。以上の結果から、超音波手術法は上顎洞底挙上術のような軟組織と硬組織が近

接している症例において有効であると考えられた。

４．結論

本研究の結果から、超音波手術法と回転切削法がラット頭蓋骨治癒過程に及ぼす影響に差は認

められないことが示唆された。
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【学位論文審査の要旨】

硬組織の切削にはこれまで回転切削器具が用いられてきたが、超音波手術器具は軟組織に対する損

傷が少ないことから、硬組織、特に骨組織と粘膜、血管や神経が狭い範囲に存在する顎顔面領域の手

術に対して使用が推奨されている。そこで本研究はラット頭蓋骨に作成した溝状の骨欠損（幅約 

1.2mm、深さ約 0.5mm、長さ 4mm）に対する超音波手術法（超音波手術器具：オサダサージェリー

ファルコン、長田電機工業、条件：直径 1.2mmのインサートチップ、出力 12W、周波数 28.8±0.2kHz、

水量 25ml/min）（以下Ui）と回転切削法（ハンドピース：CYCLON Z、シーフォース、条件：直径 

1.2mmのラウンドバー、回転数 800rpm、水量 25ml/min）（以下 Rb）の影響を形態学的、組織学的

及び免疫組織化学的に比較した。その結果切削面の表面粗さ（Sa）は Ui が Rb より優位に大きかっ

た（p<0.05）。しかし骨小腔の空胞化率や PCNA陽性細胞率は両者間で有意差は認められず組織学的

な治癒経過に大きな差は認められなかった。以上の結果から超音波手術法と回転切削法でラット頭蓋

骨治癒に及ぼす影響には差が認められないことが示唆された。

本審査委員会では（1）本実験系における骨膜の影響について、（2）骨欠損作製モデルについて、（3）

骨切削面の粗さとインプラント埋入後の治癒との関係、（4）切削面からの距離と骨小腔の空胞化率に

ついて、などについての質問があった。これらの質問に対して（ 1）骨膜の影響は考えられるが、 Ui、 

Rb 共に術後、骨膜を縫合する術式を採用しているので骨膜の影響は同等と思われる、（2）頭蓋冠に

溝を作成する本研究の実験モデルは先行文献を参考にした、（3）骨切削面が粗いことは、侵襲が大き

いことによる治癒の遅延作用と、刺激が多いことによる治癒の促進作用の両者があるが、本研究の範

囲内では骨切削面の粗さが治癒過程に影響を与えないことが示唆された、（4）骨小腔の空胞率は切削

面遠方では切削面近傍よりも小さいことを確認してから評価を行った、などの回答があり、その他の

質疑に対しても概ね妥当な説明が行われた。また論文のタイトル、構成、表現や図表などについて指

摘事項があり、修正や加筆がなされた。

本研究で得られた結果は、今後の歯学の進歩、発展に寄与するところ大であり、学位授与に値すも

のと判定した。
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