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ABSTRACT 

 

Healing pattern after vertical ramus osteotomy 

by time intervals on micro-computed tomography 

 

Oh, Min Seok 

 

Department of Dental Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Jung, Young-Soo, DDS, PhD) 

 

Vertical ramus osteotomy (VRO) in mandible is a preferred method for mandibular 

prognathic patients. Few experimental studies of osseous healing and remodeling of VRO, 

unlike proper healing of fracture, have been conducted under similar clinical situations. 

Many clinicians using this procedure are thus greatly dependent on their own experiences. 

To better understand the healing pattern on adult beagle dogs after vertical ramus 

osteotomy, they were euthanized and observed at 1st week, 2nd week, 3rd week, 4th week, 

6th week, and 8th week respectively. Each specimen was scanned in a micro-computed 

tomography – an imaging tool regarded as the gold standard for evaluation of bone 

morphology and microarchitecture and several parameters were calculated. We then 

reached the following conclusions:   



 

v 

1. The amount of newly formed bone increased up to 4
th
 week, decreased slowly up to 

6th week, and decreased sharply after 6th week. 

2. The new bone volume around the distal segment was larger than that around the 

proximal segment up to 6th week and vice versa at 8th week. 

3. The parameters in the new bone around the distal segment up to 6th week, such as 

BV (bone volume), BV/TV (bone volume fraction), BS/BV (specific bone surface), 

Tb.N (trabecular number), Tb.Sp (trabecular separation) as well as the parameters in 

the new bone around the proximal segment, such as Tb.Th (trabecular thickness) 

were statistically significant in demonstrating increased strength with the maturation 

of new bone.  

 

Together with the above results, the healing pattern after vertical ramus osteotomy 

showed active generation of new bone up to 4th week, followed by remodeling. New bone 

volume around the distal segment was larger than that around the proximal segment up to 

6th week and vice versa at 8th week. Clinically, preservation of the distal segment 

vasculature which contribute to the early healing of VRO, importantly should be taken 

into consideration. 

 

 

 

 

 

Key words: VRO, micro-computed tomography, healing pattern  
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Healing pattern after vertical ramus osteotomy 

by time intervals on micro-computed tomography 

 

Oh, Min Seok 

 

Department of Dental Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Jung, Young-Soo, DDS, PhD) 

 

I. INTRODUCTION 

 

Vertical ramus osteotomy (VRO) in mandible is a preferred method for mandibular 

prognathic patients. (Ghali and Sikes, 2000) It is performed from sigmoid notch to 

mandibular angle vertically, avoiding mandibular foramen. The distal segment is then 

driven backward followed by the lateral overlapping of proximal segment with 

temporomandibular joint . (Fonseca RJ, 2009) 

 

It has generally been considered essential for proper healing of fracture that displaced 

fragments be fixed into each cortical to cortical, marrow to marrow surface and that the 

formation of primary callus be encouraged in a stationary state. Unlike the general 

fracture healing process, VRO induces a cortex-to-cortex healing process. VRO was 
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initially performed with wire fixation of bony fragments. (Alling, 1965) With 

developments in internal rigid fixation, however, VRO came to be used with screws and 

plates. (Kraut, 1988; Paulus and Steinhauser, 1982) Nevertheless, non-fixation method 

are preferred, for bony fragments in the pterygomasseteric sling, which, unlike long bone,   

heal well without fixation. Such methods also avoid complications in rigid fixation, such 

as temporomandibular disorders (TMDs) due to inproper position of the proximal 

segment. Bell reported that except in case of excessive mandibular setback, additional 

internal rigid fixation was largely unnecessary. (Bell.W.H, 1992) 

 

The objection has been raised that in non-fixation methods such as in the case of non - 

fixation of fragments after VRO, there is no bony union but rather a movable state or 

fibrous union. (Huebsch and Wellington, 1967) However, there have to date been few 

reports of non-union or fibrous-union cases. Moreover the healing process between the 

proximal and distal segment is not the same as in other bony healing processes given the   

the cortex-to-cortex healing and complete dissection of the periosteums. (Reitzik, 1983) 

Boyne (1966) reported that excellent callus formation and bony union were obtained by 

VRO with bony fixation. Bell and Kennedy (1976) reported that continuous circulation to 

proximal segment is necessary to retain osseous viability, their experiments supporting 

the clinical practice of pedicling condylar segment to the articular capsule and lateral 

pterygoid muscle. In those experiments the overlapping of both fragments driving the 

proximal segment anteriorly was not the same as the clinical method of driving the distal 

segment backward. Lee and Park (1997) reported an experiment under almost identical 

clinical condtions using histologic observations and magnetic resonance imaging (MRI). 
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There have been no further reports of VRO healing patterns since Arimoto et al. (2013), 

which used conventional computed tomography. Few experimental studies of osseous 

healing and remodeling of VRO have been conducted under similar clinical situations. 

Many clinicians using this procedure are thus greatly dependent on their own experiences.   

 

Among recent imaging tools, micro-computed tomography (micro-CT) has become the 

“gold standard” for evaluation of bone morphology and microarchitecture in mice and 

other small models. (Bouxsein et al., 2010) Micro-CT uses X-ray attenuation data 

acquired at multiple viewing angles reconstruct three dimensional (3D) representation of 

the specimen that characterizes the spatial distribution of material density. There are 

several advantages to using micro-CT to assess bone mass and morphology, as listed 

below. 

 

1. Micro-CT scanner achieve an isotropic voxel size of as low as a few 

micrometers, sufficient for investigating structures such as bone trabeculae with 

widths of approximately 30 to 50 ㎛. (Martín Badosa et al., 2003) 

2. Micro-CT allows direct 3D measurement of trabecular morphology, such as 

thickness and separation, rather than inferring these values based on 2D 

stereologic models, as is done with standard histologic evaluations. (Hildebrand 

and Ruegsegger, 1997; Laib et al., 1997) 

3. Compared with 2D histology, a significantly larger volume of interest can be 

analyzed.   
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4. Measurement can be performed much faster than with typical histologic analyses 

using undecalcified bone specimens.  

5. As assessment of bone morphology by micro-CT scanning is noninvasive, 

specimen can be used for subsequently assays, such as histology or mechanical 

testing.   

6. Micro-CT scans allow estimates of bone tissue mineralization by comparing X-

ray attenuation in bone with that of hydroxyapatite standards. This voxel-based 

mineral density data can be used to create micro-finite element models to 

estimate mechanical behavior.   

In this experiment, micro-CT was used to observe the osseous healing pattern, confirm 

previous experiments by measuring several parameters, and obtain new findings. This 

experimental study investigates the chronology of the bone healing process after VRO 

with early mobilization in adult beagle dogs in a clinical situation using micro-CT.  
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II. MATERIALS AND METHODS 

 

All experiments were performed under protocols approved by the Institutional 

Animal Care and Use Committee at the Yonsei University Medical Center (2012-0064). 

 

 

1. Animal care 

Seven 8-month-old male beagle dogs, weighing between 11.9 and 13.5 kg (average 

12.57±0.57 kg) were used. In general, beagle dogs over 6 months have reached sexual 

maturation and are regarded as adult dogs. These were provided regular fodder before 

surgery, intravenous fluid (5% D/W 1 l/day) 1week after surgery due to immobilization 

of mandible, and soft diet plus liquid food after that.   

 

 

2. Anesthesia 

Seven animals were operated under intravenous injection of 2ml zoletil and xylazine at a 

6:4 ratio as induction drugs and under isoflurane – induced endotracheal ansesthesia.   
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3. Vertical ramus osteotomy 

The surgical area was shaved and draped in standard surgical fashion, cleaned with 10% 

povidone-iodine solution, and quartered with sterile towels. The mandible ramus was 

exposed via extraoral approach. Masseter muscle and periosteum was reflected laterally 

and the mandible was exposed buccally. Vertical ramus osteotomy was made from 

sigmoid notch to the 2~3cm anterior of angle of mandible using a Stryker reciprocating 

saw and copious saline irrigation. Special attention was paid to avoiding injury of the 

inferior alveolar neurovascular bundle. The proximal segment was then made to overlap 

the lateral aspect of the distal segment, which was driven backward. (Fig. 1) These 

procedures were performed on the ramus of mandible without interfragmental fixations. 

The wound was closed in layers with absorbable sutures in the deep layers and nylon skin 

sutures.  

 

 

 

      

Figure 1. Vertical ramus osteotomy design (A) and overlapping segments (B) 
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4. Postoperative care & preparation of specimens 

To prevent postoperative infection, the dogs received antibiotics (enrofloxacine 0.2ml/kg, 

Komipharm international Co., Ltd., Korea) administered intramuscularly for 3 days, tight 

elastic bandages being applied to the head of the experimental animals for 1 week 

postoperatively to immobilize their mandibles during callus formation. At 8th 

postoperative day, bi-maxillary fixations by elastic bandage were cleared. The dogs were 

euthanized with suxamethonium chloride hydrate 50mg/ 1ml (Komipharm international 

Co., Ltd., Korea ) intravenous injection at postoperative 1st week, 2nd week, 3rd week, 4th 

week, 6th week and 8th week respectively, and the experimental specimens were carefully 

harvested en bloc including their adjacent soft tissue. (Fig. 2) There were 7 experimental 

animals in total, consisting of 6 animals in addition to 1 animal killed at postoperative 2nd 

week due to unfavorable bony contact.  

 

 

 

   

Figure 2. Immobilization of mandible (A) and harvesting of specimen (B) 

 



 

- 8 - 

5. Micro-computed tomography scanning and analysis 

In order to place the specimens consistently inside the holder, they were fixed with elastic 

tape. The micro-CT scanner SkyScan1173 (Bruker-CT, Kartuizerwsweg 3B 2550 

Kontich, Belgium) acquired tomographic images under air media for 30 minutes at 

energy settings of 130 kV and 30 μA, integration time of 250 ms, filtration by 1.0mm 

aluminium, beam hardening correction 40%, and 40 μm pixel size. The cross-section 

reconstruction was made using NreconⓇ software (ver. 1.6.6.0). For each micro-CT scan, 

a data set of average 166 cross –section grey level (intensity values 0 and 255) images 

was produced, with a slice separation of one pixel (40 μm). (Fig. 3) 

 

 

 

 

 

 

Figure 3. Fixing specimen by elastic tape into micro-CT scanner holder 
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Comparing original 2D images with the segmented micro-CT scan images, a proper 

threshold was selected (82~255 mg HA/cm3). Once the distal segment was separated 

from the proximal segment, the regions of interest including each newly formed bone 

were selected and measured with CT Analyzer (ver. 1.14.41) software. 3D images were 

reconstructed with CT Vol (ver.2.2.3.0) software. (Fig. 4) 

 

 

 

 

 

 

 

         

Fig 4. Separating proximal segment part from distal segment (A) and Selecting each 

region of interest (B) 
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The 3D bone morphology parameters are defined as:  

 

TV (total volume): volume of the entire region of interest 

BV (bone volume): volume of the region segmented as bone 

BS (bone surface): surface of the region segmented as bone 

BV/TV (bone volume fraction): ratio of the segmented bone volume to the total volume 

of the region of interest 

BS/BV (specific bone surface): ratio of the segmented bone surface to the segmented 

bone volume 

BS/TV (bone surface density): ratio of the segmented bone volume to the total volume of 

the region of interest 

SMI (structure model index): an indicator of the structure of trabecule. SMI will be 0 for 

parallel plates and 3 for cylindrical rods                      

Tb.N (trabecular number): measure of the average number of trabecule per unit length 

using direct 3D methods 

Tb.Th (trabecular thickness): mean thickness of trabecule assessed using direct 3D 

methods 

Tb.Sp (trabecular separation) : mean distance between trabecule assessed using direct 3D 

methods 
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6. Statistical Analysis 

SPSS software for Windows, version 18.0 (SPSS, Chicago, USA), was used for all 

statistical analyses. Kendall’s tau correlation coefficient analysis and Spearman’s rank 

correlation coefficient analysis were used to obtain the correlation between each 

parameter and time (week). Each analysis should be operated in case of the small number 

of experimental specimens. Kendall’s tau correlation analysis is known to be more 

reliable than Spearman’s rank correlation coefficient analysis.  
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III. RESULTS 

 

1. Overview of serial bone healing in 3D reconstruction images 

At 1st week, no callus between segments was observed. Partial bony union in some parts 

was observed from 2nd week, the surface texture of 3D reconstruction images having 

changed according to the apposition of callus on the buccal side of the distal fragment. 

From 3rd week, the fracture line began to disappear in patches and soft callus appeared. 

There was a tendency for the fracture line to disappear and gap at 4th week. At 6th week 

bony calluses between the proximal and distal segments were mineralized, and at 8th 

week, with the resorption of most of the newly generated callus, the bony callus between 

segments was remodeled into cortical bone. (Fig. 5 and 6) 
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Fig 5. 3D reconstruction images at 1st (A), 2nd (B), 3rd (C), 4th (D), 6th (E) and 8th weeks(F) 

from buccal aspect 
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Fig 6. 3D reconstruction images at 1st (A), 2nd (B), 3rd (C), 4th (D), 6th (E), and 8th weeks 

(F) from condylar aspect 
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Color coding based on X-ray intensity in the 3D reconstruction images reveals the bony 

change. For example, the enamel with high X-ray intensity appears white whereas air, 

with no intensity, appear black. Figure 7, the blue in the middle of each fragment was 

regarded as cortical bone surface and the red in the gap between segments as newly 

formed bone. Red appear in the gap between fragments and elsewhere in figure 6 (A) (1st 

week), while the red has diminished and the bony bridge area shows more green than red 

in X-ray intensity. These phenomena indicate that the new bone has been transformed 

into mature bone. (Fig.7) 

 

 

 

 

     

Figure 7. Healing pattern comparison between 1st week (A) and 8th week (B). This color-

coding images were converted by original 3D reconstruction images according to x-ray 

intensity. X-ray intensity became higher toward white color. 
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2. New bone volume 

The amount of newly formed bone increased up to 4 weeks and decreased sharply after 6 

weeks. Once the distal segment was separated from the proximal segment and the newly 

formed bone measured in both segments, new bone volume around the distal segment 

was larger than that around the proximal segment up to 6th week and vice versa at 8th 

week. (Fig.8) The total new bone volume and the new bone volume around the distal 

segment had a significant correlation with time in Spearman’s rank correlation coefficient 

analysis (p< 0.05) and no significant correlation with time in Kendall’s tau correlation 

coefficient analysis. The new bone volume around the proximal segment had no 

significant correlation with time. The result at 8th week was excluded due to excessive 

variation.  
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Fig 8. Chronological total (A) and new bone volume change for each part (B). Bone 

volume increased up to 4th week and decreased sharply after 6th week. The 8th week 

specimen was excluded due to excessive variation  

W, week; D, around the distal segment; P, around the proximal segment 
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3. The other parameters 

Table 1. The parameters for assessing new bone quantity.  

 
Week BV/TV(D) BV/TV(P) BS/BV(D) BS/BV(P) BS/TV(D) BS/TV(P) 

 

1 4.53 3.77 2.20 7.55 0.10 0.28 

2 3.51 1.02 2.13 5.51 0.07 0.06 

3 7.47 3.88 2.03 5.88 0.15 0.23 

4 8.15 6.28 1.83 3.95 0.15 0.25 

6 8.83 2.70 1.93 4.91 0.17 0.13 

8 1.07 6.55 4.70 4.42 0.05 0.29 

Kendall’s tau b 
corr.coef.  

f 
0.8 0.2 -0.8 -0.6 0.738 -0.2 

 
p 0.05 0.624 0.05 0.142 0.077 0.624 

Spearman’s rho 
corr.coef. 

f 
0.9 0.2 -0.9 -0.8 0.872 -0.3 

 
p   0.037

** 0.747 0.037
*
 0.104 0.054 0.624 

*, P < 0.05; **, P < 0.01; Kendall’s tau-b corr. coef., Kendall’s tau-b correlation 

coefficient ; Spearman’s rho corr. coef., Spearman’s rank correlation coefficient; BV, bone 

volume (mm3); TV, total volume (mm3); BS, bone surface (mm2); BV/TV, bone volume 

fraction (%); BS/BV, specific bone surface (1/mm); BS/TV, bone surface density (1/mm); 

D, around distal segment; P, around proximal segment; 8th week specimen results were 

excluded due to excessive variation  

 

BV/TV and BS/BV in the new bone around the distal segment had a significant 

correlation with time in Spearman’s rank correlation coefficient analysis (p < 0.05) and 

no significant correlation with time in Kendall’s tau correlation coefficient analysis. 

BS/TV in the new bone around the distal segment and BV/TV, BS/BV, BS/TV in new 

bone around the proximal segment had no significant correlation with time. The results at 

8
th
 week were excluded due to excessive variation.  
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Table 2. The parameters for assessing new bone quality around the distal segments 

 
Week SMI(D) Tb.N(D) Tb.Th(D) Tb.Sp(D) DA(D) 

 

1 -1.19 0.03 1.37 12.90 3.19(0.68)  

2 0.91 0.02 1.91 16.57 1.95(0.48)  

3 -3.81 0.05 1.62 10.92 3.45(0.71) 

4 -2.44 0.05 1.76 10.70 4.09(0.75) 

6 0.93 0.05 1.89 9.73 3.25(0.69) 

8 3.19 0.01 1.29 13.32 5.78(0.82) 

Kendall’s tau b 
Corr.coef. 

 f. 
0.2 0.8 0.4 - 0.8  0.4 

 
p 0.624 0.05 0.327 0.05  0.327 

Spearman’s rho 
Corr.coef. 

f. 
0.2 0.9 0.4 - 0.9  0.6 

 
p 0.747 0.037

*
 0.505 0.037

*
  0.285 

*, P < 0.05; **, P < 0.01; Kendall’s tau-b corr. coef., Kendall’s tau-b correlation 

coefficient ; Spearman’s rho corr. coef., Spearman’s rank correlation coefficient; BV, bone 

volume (mm3); TV, total volume (mm3); BS, bone surface (mm2); BV/TV, bone volume 

fraction (%); BS/BV, specific bone surface (1/mm); BS/TV, bone surface density (1/mm); 

D, around distal segment; P, around proximal segment; 8th week specimen results were 

excluded due to excessive variation  

 

 

Tb.N in new bone around the distal segment had a significant correlation with time in 

Spearman’s rank correlation coefficient analysis (p < 0.05) and no significant correlation 

with time in Kendall’s tau correlation coefficient analysis. Tb.Sp had a significant 

negative correlation with time in Spearman’s correlation coefficient analysis. SMI, Tb.Th, 

and DA in the new bone around the distal segment had no significant correlation with 

time. 8
th

 week results were excluded due to excessive variation.  
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Table 3. The parameters for assessing new bone quality around the proximal segments 

 
Week SMI(P) Tb.N(P) Tb.Th(P) Tb.Sp(P) DA(P) 

 

1 0.55 0.05 0.71 8.87 1.34(0.25) 

2 -0.82 0.01 0.80 23.48 1.12(0.11) 

3 0.90 0.05 0.81 9.71 1.42(0.29) 

4 -1.55 0.06 1.03 8.97 1.38(0.27) 

6 0.26 0.02 1.10 14.26 1.62(0.38) 

8 -0.19 0.07 1.00 8.99 1.67(0.40) 

Kendall’s tau b 
Corr.coef.  

f. 
-0.2 0 1 0.2  0.6 

 
p 0.624 1 < 0.05

*
 0.624  0.142 

Spearman’s rho 
Corr.coef. 

f. 
-0.3 0 1 0.3  0.8 

 
p 0.624 1 < 0.01

*
 0.624  0.104 

*, P < 0.05; **, P < 0.01; Kendall’s tau-b corr. coef., Kendall’s tau-b correlation 

coefficient ; Spearman’s rho corr. coef., Spearman’s rank correlation coefficient; BV, bone 

volume (mm3); TV, total volume (mm3); BS, bone surface (mm2); BV/TV, bone volume 

fraction (%); BS/BV, specific bone surface (1/mm); BS/TV, bone surface density (1/mm); 

D, around distal segment; P, around proximal segment; 8th week specimen results were 

excluded due to excessive variation  

 

 

Tb.Th in the new bone around the proximal segment had a significant correlation with 

time in both Kendall’s tau correlation coefficient analysis (p < 0.05) and Spearman’s rank 

correlation coefficient analysis(p < 0.01) and SMI, Tb.N, Tb.Sp, DA in the new bone 

around the proximal segment had no significant correlation with time. 8th week results 

were excluded due to excessive variation.  

 



 

- 21 - 

III. DISCUSSION 

 

Until recently most bone healing studies were done with histologic methods which had 

been the standard for experiments of involving trabecular and cortical bone architecture. 

Many previous experimental studies, particularly Lee and Park (1997) assessed the 

healing of VRO with histologic methods. Although histologic analyses have provided 

unique insights into cellularity and dynamic indices of bone remodeling, they were 

limited with respect to quantitative assessment of bone microarchitecture and direct 3D 

measurement of trabecular morphology.  

The standard method for quantitatively describing bone architecture is the calculation 

of morphometric indices, also referred to as “quantitative morphometry.” In the past, the 

microarchitectural characteristics of trabecular and cortical bone were investigated by 

examining 2D sections of bone biopsies and calculating morphometric parameters using 

sterologic methods. (Parfitt, 1983) Whereas some measurements such as BV/TV and 

BS/TV can be obtained directly from 2D images, several parameters, including trabecular 

thickness (Tb.Th), trabecular separation (Tb.Sp), and trabecular number (Tb.N) are 

derived indirectly after assuming a fixed-structure model such as a rod-like or plate-like 

structure. These highly idealized models can be considered two ends of a spectrum, the 

real architecture being a mixture of both rods and plates, precise composition depending 

on skeletal site, disease state, treatment, and age. Thus correlations among Tb.Th, Tb.Sp, 

and Tb.N measurements made using 2D methods require assumptions about the 

underlying structure and 3D model-independent measurements of these parameters are 
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only modest and vary with skeletal sites. Deviations in trabecular structure from the 

assumed plate or rod models will therefore lead to unpredictable errors in indirectly 

derived parameters. (Hildebrand and Ruegsegger, 1997; Laib et al., 1997) 

In this regard, directly measuring 3D structure with micro-CT has an advantage in 

terms of volumetric measurement. Also, several studies have established the excellent 

reproducibility and accuracy of micro-CT measurement of bone morphology, the 

accuracy having been evaluated by comparison with traditional 2D histomorphometry 

measures in both animal (Alexander et al., 2001; Barbier et al., 1999; Bonnet et al., 2009; 

Kapadia et al., 1998; Waarsing et al., 2004) and human specimens. (Akhter et al., 2007; 

Chappard et al., 2005; Fanuscu and Chang, 2004; Kuhn et al., 1990; Muller et al., 1998) 

These studies show that 2D and 3D morphologic measurements by micro-CT are 

generally highly correlated with those from 2D histomorphometry. For instance, Muller 

et al. (1998) reported very high correlations (r = 0.84~0.92) and low percentage 

differences between the two methods for measurements of human iliac biopsies. However, 

some studies report that micro-CT measurements overestimate trabecular thickness   

relative to histomorphometric measurements. This may be attributed to several factors 

including inadequate resolution of micro-CT images relative to trabecular size, the use of 

a plate model to estimate trabecular thickness in 2D histomorphometry versus direct 3D 

methods in micro-CT, poor threshold selection, and the fact that 3D micro-CT 

measurements of trabecular intersections, tend to increase trabecular thickness values 

compared with measurements made only on trabecular struts. (Chappard et al., 2005) 

Nonetheless, the high correlation between the two techniques provide a strong rationale 

for the use of micro-CT to assess skeletal morphometry.  
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The basic parameter in this experiment, the amount of newly formed bone increased up 

to 4 weeks and decreased sharply by 6 weeks. Lee and Park (1997) reported that up to the 

4th week the calluses around the fragments, especially inferiorly and posteriorly had 

grown and united, and that at 8th week new bone had decreased dramatically with   

general bony resorption by many osteoclasts. This study shows that the decrease 

accelerates from 6th week to 8th week relative to 4th week to 6th week.  

The unique aspect of our experimental design is the separation of the distal from the 

proximal segment in the investigation of new bone formation. Because the bony union 

was incomplete, the new bone formation area could be divided into two regions. It was 

found that the new bone volume around the distal segment exceeded that around the 

proximal segment up to 6th week and vice versa at 8th week. As noted in Boyne (1966), 

Bell & Kennedy (1977), and Lee and Park (1997), the generated calluses after VRO 

approximate subperiosteal callus, increasing owing to the great proliferation of 

osteoblasts such as fibroblasts. In other words, the newly formed subperiosteal callus may 

result from remaining periosteum. (Daum et al., 1985; Reitzik, 1983; Simmons, 1985) 

The transformation of the fibroblast in the adjacent connective tissue occurs by 

osteoinduction. (Alberius and Johnell, 1991; Urist, 1965) The greater amount of new 

bone around the distal segment compared to that around the proximal segment in this 

experiment may be due to the minimal reflection of the distal segment compared with the 

proximal segment, abundant periosteum and a relatively rich blood supply to temporal 

muscle, medial pterygoid muscle, and the inferior alveolar neurovascular bundle.    

This would also explain the smaller resorption in the new bone of the proximal 

segment compared to that in the distal segment: whereas most new bone posterior and 
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lateral to its fragment consisting of most part of distal segment had been resorbed by 

osteoclast, in the proximal segment most new bone, consisting of uniting callus, changed 

into hard callus rather than being resorbed. Thus the resorption of the proximal segment, 

which had a relatively small volume of new bone in the posterior and lateral surface was 

smaller than that of distal segment. (Lee and Park, 1997) Moreover, the phenomena of 

bony necrosis in the cortical bone and the ischemic necrosis of bone marrow also have 

contributed to the difference in resorption. Bell et al. observed these phenomena in 

mandible after VRO and other procedures (Bell and Kennedy, 1976; Bell and Levy, 1970; 

Bell and Schendell, 1977), the phenomena disappearing over 2 months (Foster et al., 

1951; Rhinelander, 1968) Cortical bony necrosis is known to result from heat by drilling 

in osteotomy and delayed   revascularization from adjacent soft tissue due to loss of 

blood supply by the periosteum reflection as well as bone marrow amputation. In 

particular, a delay in revascularization and primary callus formation in the inferior end of 

the proximal segment has been observed. (Lee and Park, 1997) These several 

observations account for the new bone volume around the proximal segment being 

smaller than that around the distal segment for the first 6 weeks. A delay in 

revascularization and primary callus formation in the inferior end of the proximal 

segment occurred. Since after 6th week new bone was replaced by revascularization 

without severe bony resorption, there was much less bony resorption around the proximal 

segment than around the distal segment from 6th week to 8th week. 

  BV/TV (bone volume fraction) is the ratio of segmented bone volume to the total 

volume of the region of interest. In theory, whereas the trabecular bone could not exceed 

100% due to its porous structure, the cortical bone might be nearly 100%. In general, the 
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strength of new bone increases according to the chronology of bony maturation. Further, 

bone strength is known to be closely related to bone volume. In this experiment, BV/TV 

had a significant tendency to increase with time up to 6th week. This result is consistent 

with previous reports that among the parameters related to bone volume, BV/TV had a 

distinct linear correlation with bone strength. (Huh KH, 2005; Kleerekoper et al., 1985) 

Another basic measure is of bone surface (BS), conventionally computed by 

triangulation of the object surface using a marching-cubes algorithm. Bone surface 

density (BS/TV) and specific bone surface (BS/BV) can of course be derived by dividing 

the bone surface by the total volume or bone volume, respectively. BS/BV is a useful 

parameter for characterizing structural complexity. In case of a rough trabecular structure, 

perforated trabecular plate, and a low ratio of plate to rod, the BS/BV ratio will be high. 

In case of high BV/TV and low BS/BV, trabecular bone structure is thick and has a plate-

like composition. Conversely, low BV/TV and high BS/BV, indicates trabecular bone 

with a rough, rod-like structure. (Moon, 2003) In this study, BS/BV in the distal segment 

decreased with time. The increased BV/TV ratio correlated with a thicker and more plate-

like (rather than rod-like) trabecular bone, consistent with the maturation of new bone. 

(Halloran et al., 2002) The minimal set of variables needed to characterize trabecular 

regions consists of bone volume fraction (BV/TV), trabecular thickness (Tb.Th), 

trabecular separation (Tb.Sp), and trabecular number (Tb.N) because these can be found 

in most publications and are to some extent comparable with classical histomorphometric 

variables. (Bouxsein et al., 2010) Trabecular separation (Tb.Sp) and trabecular thickness 

(Tb.Th) measure mean thickness, distance, and density of trabecular regions in each 

specimen based on 3D calculations using a sphere-fitting method whereby the spheres are 
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fitted to the object for thickness measurement and the spheres are fitted to the background 

for separation. (Hildebrand and Ruegsegger, 1997) Trabecular number (Tb.N) is 

computed as the inverse of the mean distance between the mid-axes of the structure, as 

derived via the distance-transformation method. A low Tb.N indicates a rough trabecular 

bone structure and is distinctly correlated with BV/TV. Tb.Sp tends to be inversely 

proportionate to BV/TV and Tb.N. Low Tb.Sp correlates with,  trabecular structures in 

close position, trabecular bone with a compact structure. Conversely, trabecular bone has 

a rough structure in the case of high Tb.Sp. (Moon, 2003)  

In this experiment, based on an analysis of micro-CT parameters, trabecular number 

(Tb.N)(D) and trabecular thickness (Tb.Th)(P) increased significantly and trabecular 

separation (Tb.Sp)(D) had decreased significantly up to 6th week. This means that the 

spacing of trabeculae was reduced (Tb.Sp↓), thickness and number of trabeculae were 

increasing (Tb.Th, Tb.N↑). This is consistent with new bone becoming mature with time. 

Tb.Th (D), Tb.N (P), and Tb.Sp(P) yielded no significant results in this experiment. If a 

greater number of specimens had been investigated, a firm result could have been 

achieved.To estimate the plate-like versus rod-like characteristics of trabecular bone 

structure, a structure model index (SMI) was developed which designated perfect plates 

as 0, perfect rods as 3, perfect spheres as 4, concavity as positive, and convexity as 

negative. This index is a key indicator of reduction of trabeculae due to osteoporosis, 

characterized by the transition from plate-like structure to rod-like. Degree of anisotropy 

(DA) may explain a significant number of mechanical properties of the 3D structure, 

together with bone volume fraction (BV/TV) (Giesen et al., 2003; Odgaard, 1997; Sugita 

et al., 1999) Isotropy is a measure of 3D symmetry or the presence or absence of 
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preferential alignment of structures along a particular directional axis. DA is calculated 

using the mean intercept-length ellipsoid method, that is, the ratio of maximum radius to 

minimum radius. In general, the closer trabecula comes to isotropy, the more evenly 

disturbed the pressure on the trabecular bone and thus the more resistance to strength. 

Further, note that if the trabeculae have more consistent directional structure, that is, has a 

larger DA, the bone strength decreases. (Huh KH, 2005) In this study, SMI and DA 

yielded no statistically significant and stable results due to variations in bone formation in 

different regions, from the uppermost heads of the condyle to the inferior border of 

mandibular ramus. Also, as the occlusal force of the experimental dogs could have no 

effect on the healing callus, the DA parameter as influenced by such force was rendered 

insignificant. (Giesen et al., 2003) It is known from several reports that bone strength has 

a positive correlation with bone volume, trabecular number, and trabecular thickness. 

(Giesen et al., 2003; Odgaard, 1997; Sugita et al., 1999) Thus despite not having studied 

mechanical strength in this experiment, we may assume that the strength of the newly 

formed bone increase incrementally.   

We found that the amount of newly formed bone increased up to 4 weeks and 

decreased sharply after 6 weeks. Separately measuring the newly formed bone in the 

distal and proximal segments, the new bone volume around the distal segment was found 

to exceed that around the proximal segment up to 6th week and vice versa at 8th week. We 

regretted not finding a general tendency by mean analyses of numerous experimental 

subjects and not conducting primate tests, which would have greater relevance to clinical 

application in humans. Hereafter, if it is possible to conduct micro-CT scans of the same 

specimen in vivo chronologically, we will obtain results without inter-individual errors. 



 

- 28 - 

IV. Conclusion  

 

Vertical ramus osteotomy (VRO) in mandible is a preferred method for mandibular 

prognathic patients. To better understand the healing pattern on adult beagle dogs after 

vertical ramus osteotomy, they were euthanized and observed at 1st week, 2nd week, 3rd 

week, 4th week, 6th week, and 8th week respectively. Each specimen was scanned in a 

micro-computed tomography scanner and several parameters were calculated. We then 

reached the following conclusions.   

1. The amount of newly formed bone increased up to 4th week, decreased slowly up to 

6th week, and decreased sharply after 6th week. 

2. The new bone volume around the distal segment was larger than that around the 

proximal segment up to 6
th
 week and vice versa at 8

th
 week. 

3. The parameters in the new bone around the distal segment up to 6th week, such as 

BV (bone volume), BV/TV (bone volume fraction), BS/BV (specific bone surface), 

Tb.N (trabecular number), Tb.Sp (trabecular separation) as well as the parameters in 

the new bone around the proximal segment, such as Tb.Th (trabecular thickness) 

were statistically significant in demonstrating increased strength with the maturation 

of new bone.  

 

Together with the above results, the healing pattern after vertical ramus osteotomy 

showed active generation of new bone up to 4th week, followed by remodeling. New bone 

volume around the distal segment was larger than that around the proximal segment up to 

6th week and vice versa at 8th week. Clinically, preservation of the distal segment 
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vasculature which contribute to the early healing of VRO, importantly should be taken 

into consideration. 
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ABSTRACT (IN KOREAN) 

 

하악골 상행지 수직골 절단술 후  

마이크로 CT를 이용한  

시기별 치유 양상 연구  

 

<지도교수 정 영 수> 

연세대학교 대학원 치의학과 

오 민 석 

 

  상행지 수직골 절단술(Vertical ramus osteotomy, VRO)는 하악골 전돌증 환자에 

있어서 임상적으로 많이 사용되는 술식이다. 통상의 외상성 골절편 치유과정

과는 근본적으로 여건이 다른 VRO 후 비고정 상태에서 조기 운동 시의 골편 

치유과정과 예후에 대하여 임상적 경험에 의존해 왔다고 해도 과언이 아니며, 

임상적 여건과 유사한 상태에서의 골치유 및 골개조 양상에 관한 실험적 연구

가 부족한 상태이다. VRO의 보다 많은 적용과 올바른 치료를 위해서 이를 실

험적으로 규명하는 작업이 꼭 필요하다 판단된다.  

이에 최근에 이용빈도가 높아지고 있는 micro computed-tomography (micro-CT)

를 이용하여 VRO 후 beagle dog에서 골치유 및 골개조의 시기별 변화 과정을 

관찰하고 연구하였다.  

VRO를 시행한 7마리의 성견 비글독을 각각 1주, 2주, 3주, 4주, 6주, 8주에 안

락사 시킨 뒤 표본을 적출하였다. 각각의 절편은 micro-CT scanner로 촬영하여 
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영상을 얻은 후 재건하였다. 이후 원심 골편과 근심 골편에서 생긴 신생골로 

분류하여 계측하고 여러가지 parameter 들을 산출하였고, 아래와 같은 결론을 

얻었다. 

1. 전체 신생골은 4 주까지 증가하고 6 주까지 서서히 감소하다가 

8 주에는 급격히 감소한다. 이는 통계적으로 유의한 결과를 나타냈다.  

(Spearman’s rank correlation coefficient ; p < 0.05)  

2. 6 주까지는 원심 골편 주위에서 활발히 신생골이 생겨나지만 8 주에는 

그 양상이 역전된다.  

3. Micro-CT 를 이용하여 산출한 Parameter 들은 6 주까지 원심 골편 

주위에서 생성된 신생골에 대해서 BV (bone volume), BV/TV (bone volume 

fraction), BS/BV (specific bone surface), Tb.N (trabecular number), Tb.Sp 

(trabecular separation) 이 통계적으로 의미있는 결과를 나타냈고, 근심 

골편 주위에서는 Tb.Th (trabecular thickness)가 통계적으로 의미있는 

결과를 나타냈는데, 이는 신생골이 성숙해지면서 강도가 더 강해지는 

것을 의미한다.  

 

이상의 결과를 종합해 볼 때 상행지 수직골 절단술의 골치유는 상행지 

수직골 절단술의 골치유는 술후 4 주까지는 활발히 신생골이 생기고 이후 

재형성 과정을 시작하고, 술후 6 주가 지나면서 가속되는 골치유 양상을 
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나타내고, 술후 6 주까지는 원심 골편 주위에서 생긴 신생골의 양이 더 

많으나, 8 주에는 그 양상이 역전된다.  

임상적으로 VRO 시술 시 초기 치유에서 중요한 부분을 담당하는 원심 

골편의 혈류를 보존하는데 더 주의를 기울여야 할 것으로 사료된다.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

핵심되는 말: 상행지 수직골 절단술, micro-CT, 골치유  


