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 [THE EFFECT OF OPTIMUM MICRO-OSTEOPERFORATION 

ACCELERATED TOOTH MOVEMENT ON MANDIBULAR TRABECULAE 

BONE VOLUME FRACTION – A RANDOMIZED CONTROLLED TRIAL] 

ABSTRACT 

Objective: To investigate the effect of Micro-osteoperforation (MOP) on the 

horizontal and vertical distribution of mandibular trabeculae pattern in relation to 

different MOP intervals on canine retraction. Method: This was a split-mouth 

randomized clinical trial of thirty participants equally randomized into three groups of 

different MOP intervals (four, eight and twelve weekly). Cone Beam Computed 

Tomography (CBCT) images (70kV, 10mA, 10.80 seconds, field of view (FOV) of 5cm 

x 5cm and voxel size of 76µm) were taken to assess the bone volume fraction (BV/TV) 

in horizontal and vertical planes. Results: BV/TV was significantly reduced (mean 

difference 9.79%, SD 11.89; 95% CI of 4.77 - 14.81; p = 0.00) and canine retraction 

significantly increased (mean difference -1.25mm/4months, SD 0.79; 95% CI -1.59 - -

0.92; p = 0.00) at MOP sites as compared to control sites. MOP significantly changed the 

vertical and horizontal patterns of trabeculae bone with lower BV/TV in the areas nearest 

to intervention, as compared to the control sites. Only the 4 weekly MOP interval group 

showed significant decrease in BV/TV (mean difference 14.73%  SD 12.88; 95%; CI 3.96 

– 25.50; p = 0.01) despite significant increase in canine retraction rate for all interval 

groups. With the use of MOP, BV/TV was found to be inversely correlated to the rate of 

canine retraction (r = -0.425; p = 0.039). Conclusions: There is a moderate inverse 

relationship of a significant reduction of bone volume fraction as canine retraction rate 

significantly increased. The bone volume fraction reduction was found significant for the 

four weekly MOP interval, and has not been proven to extend beyond the interdental 

region of the intervention. 
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[KESAN OPTIMUM MIKRO-OSTEOPERFORASI PADA PECAHAN ISIPADU 

TULANG RAHANG BAWAH UNTUK MEMPERCEPATKAN KADAR 

PERGERAKAN ORTODONTIK GIGI – PERCUBAAN KLINIKAL 

TERKAWAL SECARA RAWAK] 

ABSTRAK 

Objektif: Kajian ini bertujuan untuk menyelidik kesan selang masa berbeza mikro-

osteoperforasi (MOP) pada corak mendatar dan menegak trabeculae tulang rahang bawah 

untuk mempercepat kadar pergerakan ortodontik gigi taring. Kaedah: Kajian ini 

merupakan kajian ‘split mouth’ terkawal secara rawak yang melibatkan tiga puluh peserta 

yang dibahagikan secara rawak kepada 3 kumpulan berlainan berdasarkan selang masa 

MOP empat, lapan dan dua belas minggu. Corak mendatar dan menegak pecahan isipadu 

tulang (BV/TV) disiasat dengan menggunakan pengimejan ‘Cone Beam Computed 

Tomography’ (CBCT) (70kV, 10mA, 10.80 saat, ‘field of view' (FOV) of 5cm x 5cm and 

‘voxel size’ of 76µm). Keputusan: Di kawasan MOP, BV/TV berkurang (perbezaan min 

9.79%, SD 11.89; 95% CI of 4.77 - 14.81; p = 0.00) dan kadar pergerakan gigi taring 

bertambah (perbezaan min -1.25mm/4 bulan, SD 0.79; 95% CI -1.59 - -0.92; p = 0.00) 

secara ketara. MOP ketara mengubah corak mendatar dan menegak trabeculae tulang, 

dengan pengurangan ketara di kawasan berdekatan dengan MOP. Hanya MOP selang 

masa 4 minggu sahaja yang menunjukkan pengurangan ketara BV/TV (perbezaan min 

14.73% SD 12.88; 95%; CI 3.96 – 25.50; p = 0.01), walaupun kadar pergerakan gigi 

taring ketara bertambah untuk semua kumpulan MOP. MOP juga menunjukkan hubungan 

korelasi songsang antara BV/TV dengan kadar pergerakan gigi taring (r = -0.425; p = 

0.039). Kesimpulan: Pengurangan signifikan pecahan isipadu tulang didapati 

berhubungan songsang secara sederhana dengan penambahan signifikan kadar 

pergerakan gigi taring. Pengurangan pecahan isipadu tulang didapati signifikan untuk 
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selang masa 4 minggu dan tidak terbukti berkesan di luar kawasan antara akar tempat 

MOP. 

 

Kata kunci: mempercepatkan kadar pergerakan ortodontik gigi; mikro-osteoperforasi; 

pecahan isipadu tulang; BV/TV 
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CHAPTER 1: INTRODUCTION 

Orthodontists have always been intrigued with methods to hasten orthodontic tooth 

movement and shorten orthodontic treatment duration, as the average orthodontic 

treatment duration takes about 20.02 months (95% confidence interval, 19.71, 20.32 

months) and consist of around 17.81 treatment visits (95% confidence interval, 15.47, 

20.15 visits) (Tsichlaki, Chin, Pandis, & Fleming, 2016). Prolonged treatment duration 

consumes clinician and patient’s time and resources, and is a risk factor associated with 

the adverse effects of orthodontic treatment (Travess, Roberts-Harry, & Sandy, 2004; 

Wishney, 2017). Therefore it is in the best interest of both patient and orthodontist that 

treatment duration be as short as possible.  

Treatment duration is influenced by multiple factors such as severity of initial 

malocclusion, orthodontic technique employed, patient compliance, clinician skill 

(Mavreas & Athanasiou, 2008) and of course, rate of orthodontic tooth movement 

(Nimeri, Kau, Abou-Kheir, & Corona, 2013).  

The rate of orthodontic tooth movement is controlled by alveolar bone modelling and 

remodelling and its associated cells and mediators (Burstone, 1962; Krishnan & 

Davidovitch, 2006, 2009). These bone cells consist of oseteoblasts (mainly in charge of 

bone formation), osteoclasts (mainly in charge of bone resorption) and osteocytes which 

are actively involved in bone resorption-formation cycles. The activity of these cells are 

regulated by both biochemical and mechanical factors (Huang, Williams, & Kyrkanides, 

2014). Therefore any alteration to the biology of the bone modelling and remodelling will 

induce changes in the rate of orthodontic tooth movement (H. Huang et al., 2014; Verna, 

Dalstra, & Melsen, 2000).  
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There are many ways to accelerate the rate of orthodontic tooth movement (Nimeri et 

al., 2013). The many methods can be divided into surgical and non-surgical interventions. 

Examples of non-surgical adjunctive interventions include resonance vibration, pulsed 

electromagnetic fields, low-intensity laser irradiation, electric currents and 

pharmacological approaches (El-Angbawi, McIntyre, Fleming, & Bearn, 2015). Surgical 

approaches to accelerate orthodontic tooth movement rate consist of corticortomies, 

piezocisions and micro-osteoperforation (MOP) (Fleming, Fedorowicz, Johal, El-

Angbawi, & Pandis, 2015).  

Micro-osteoperoration (MOP) is one such method that has successfully accelerated 

orthodontic tooth movement (M. Alikhani et al., 2013; Sivarajan, Doss, Papageorgiou, 

Cobourne, & Wey, 2018; Teixeira et al., 2010). MOP induces the regional accelerated 

phenomenon (RAP) which is the basis for accelerated orthodontics (Tsai, Yang, Hsieh, 

& Yang, 2016; Verna, 2016; Verna, Zaffe, & Siciliani, 1999; Wilcko, Wilcko, Bouquot, 

& Ferguson, 2001). The increased rates of bone remodelling and catabolism activities 

associated with RAP can be observed as trabecular alveolar bone volume fraction 

(BV/TV) reduction (Baloul et al., 2011; Tsai et al., 2016), and measured via Cone Beam 

Computed Tomography (CBCT) images (Ibrahim et al., 2014). 

 

1.1 Importance of Proposed Research  

MOP has been reported to increase rate of orthodontic tooth movement by two times 

and shorten treatment duration by 60% (M. Alikhani et al., 2013). Animal studies have 

shown that there is alveolar bone volumetric fraction (BV/TV) reduction associated with 

MOP interventions (Sugimori et al., 2018; Tsai et al., 2016). However no human studies 

have reported on this association. Better understanding of the spread of mandibular 

trabeculae pattern changes following an effective MOP interval would enable the 
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clinician to actualize this procedure clinically. By determining the spread of MOP effect 

related to MOP application interval, this would serve as a clinical guide to ascertain the 

frequency and sites of MOP that can best lead to shorter orthodontic treatment duration. 

 

 

1.2 Aims of Study 

To investigate the effect of micro-osteoperforation (MOP) on the horizontal and 

vertical distribution of mandibular trabeculae pattern in relation to different MOP 

intervals on canine retraction. 

 

1.3 Objectives 

i. To compare the vertical and horizontal distribution of mandibular trabeculae 

pattern between MOP intervention and control side. 

ii. To investigate the distribution of mandibular trabeculae pattern between 

different intervention intervals 

iii. To correlate the vertical and horizontal distribution of mandibular 

trabeculae pattern in relation to rate of canine tooth movement. 

 

1.4 Null Hypothesis 

i. There is no statistically significant difference between the vertical and 

horizontal distribution of mandibular trabeculae pattern between MOP 

intervention and control side. 

ii. There is no statistically significant difference between the distribution of 

mandibular trabeculae pattern of different intervention intervals. 
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iii. There is no statistically significant relationship between the vertical and 

horizontal distribution of mandibular trabeculae pattern in relation to the 

rate of canine tooth movement. 
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CHAPTER 2: LITERATURE REVIEW 

Orthodontics is the science to correct the malocclusion of teeth (Angle, 1907). 

Throughout history, various methods employed to straighten teeth generally involve 

methods to exert force resulting in teeth moving into alignment. Just like physiological 

forces from lip and tongue, or habits such as thumb sucking (Ackerman & Proffit, 1997; 

Proffit, 1978), orthodontic wires can exert pressure needed to move teeth, subsequent to 

bone resorption on the pressure side and bone apposition on the tension side (Reitan, 

1967; Rygh, 1974; Schwarz, 1932). Bone resorption and apposition is bone remodelling 

which is part of bone homeostasis (Ralston, 2017). 

 

2.1 Stages of Orthodontic Tooth Movement 

Orthodontic tooth movement can be divided into 3 phases (Burstone, 1962), an initial 

phase where immediate tooth movement occurs due to displacement of tooth in its socket, 

followed by a lag phase with very little to no tooth movement, finally a tooth movement 

phase where the rate of tooth movement increases. These tooth movement patterns have 

been confirmed in animal models which mimic the tooth movement phases in humans 

(Pilon, Kuijpers-Jagtman, & Maltha, 1996; Ren, Maltha, & Kuijpers-Jagtman, 2003). The 

lag phase is due to development of hyalinised areas at the PDL which inhibits orthodontic 

tooth movement. Only with removal of the necrotic debris can bone remodelling take 

place and the subsequent orthodontic tooth movement resume (Krishnan & Davidovitch, 

2006; Rygh, 1974). Forces that exceed capillary blood pressure of 20-25 g/cm2 of root 

surface will cause hyalinisation of PDL to occur (Burstone, 1962). Unfortunately, it is 

impossible to accurately place that exact amount of pressure to move teeth 

orthodontically, hence the inevitable development of hyalinised areas which causes the 

lag phase. Therefore it is apparent that the determining factor of rate of orthodontic tooth 
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movement is the degree of PDL hyalinization and the rate of its removal (Roberts, Huja, 

& Roberts, 2004; von Bohl & Kuijpers-Jagtman, 2009). 

 

2.2 Regional Acceleratory Phenomenon 

Regional acceleratory phenomenon (RAP) is a ubiquitous post-injury tissue reaction 

to noxious stimuli (H. M. Frost, 1983). There is increase of bone remodelling units and 

activity characterised by acceleration of local bone turnover. The RAP is a necessary step 

for healing as it increases the rate of bone remodelling especially after injury (Harold M. 

Frost, 1994). Noxious stimuli such as tooth extractions, bone fractures, implant 

placement, periodontal surgery and orthodontic tooth movement can trigger RAP. A 

transient burst of localised remodelling was observed following mucoperiosteal surgery 

in an animal model (Yaffe, Fine, & Binderman, 1994). Noxious stimuli by selective 

alveolar decortication also triggered increased turnover of alveolar bone, increased 

osteoclasts and catabolic rate, increased osteoblasts and anabolic rate and produce 

transiently less calcified bone with an increased rate of orthodontic tooth movement 

(Sebaoun et al., 2008). This increased rate of resorption-formation cycle or bone 

remodelling resembles RAP and is the reason behind accelerated orthodontics (Wilcko et 

al., 2001).  

Bone remodelling is a coupled process of activation, resorption, reversal and formation 

cycles which replaces damaged bone with new bone (Hadjidakis Dimitrios & 

Androulakis Ioannis, 2007). The process is performed by osteoclasts and osteoblast and 

is modulated by a host of biochemical and mechanical factors (H. Huang et al., 2014). 

Noxious stimuli such as alveolar decortication and micro-osteoperforation (MOP) have 

been shown to increase the number and function of the osteoclasts and osteoblasts and 

intensify resorption formation cycles (Shih & Norrdin, 1985; Tsai et al., 2016; Verna et 
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al., 2000; Verna et al., 1999). The stimulated sites show increased RANK-RANKL 

binding and macrophage colony stimulating factor levels and decreased OPG 

concentration which indicates increased osteoclasts activation, production and activity 

(H. Huang et al., 2014). There is also increased expression of prostaglandins and 

cytokines such as PGE2, IL-1 and IL-6 which promotes osteoclastic activity and hastens 

the resorption process, reduces the duration of clearance of necrotic material (rate limiting 

step) and results in faster orthodontic tooth movement (H. Huang et al., 2014). The growth 

factors, cytokines and hormones that regulate osteoblast proliferation, differentiation and 

function are also increased which causes the increased bone formation rates (H. Huang et 

al., 2014).  

 

2.2.1 How Does MOP Induce RAP? 

Orthodontic tooth movement by itself is a noxious stimuli capable of inducing RAP 

for faster tooth movement (Melsen, 2001). By applying another noxious stimuli like 

selective alveolar decortication or MOP, the effect of RAP is increased and there is more 

rapid orthodontic tooth movement (Baloul et al., 2011; Tsai et al., 2016). Orthodontic 

force loading together with decortication resulted in an initial reduction of bone 

volumetric fraction or bone volume over total volume (BV/TV) which later recovered 

back to baseline values. However alveolar decortication alone did not cause any 

significant change to BV/TV values (Baloul et al., 2011). This indicates that alveolar 

decortication or MOP only enhances the rate of tooth movement by increasing bone 

turnover (Baloul et al., 2011), and a constant force is needed for initiating the coupled 

bone remodelling response (Baloul, 2016; Krishnan & Davidovitch, 2006, 2009). 

The rate of orthodontic tooth movement is characterised into initial phase, lag phase 

and then continuous tooth movement phase. With RAP stimulation, the peak rate of 
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orthodontic tooth movement is reached much earlier and is maintained for a longer 

duration (Baloul et al., 2011). The RAP effect of alveolar decortication is also reported to 

be able to bypass the lag phase by increasing more rapid bone remodelling subsequently 

faster elimination of the hyalinization associated with the lag phase (Baloul et al., 2011). 

Besides increasing bone turnover, RAP also induces a transient localised reduction in 

bone volumetric fraction, similar to an osteoporosis state, which is thought to accelerate 

orthodontic tooth movement through bone (Goldie & King, 1984; Schilling, Muller, 

Minne, & Ziegler, 1998). In another study (Tsai et al., 2016), it was shown that MOP can 

induce statistically similar results for rate of tooth movement, BV/TV and bone mineral 

density when compared to alveolar decortication. This means that the increased bone 

turnover rate can be induced by different methods and MOP is one of them. MOP as a 

means of accelerating tooth movement was also investigated in a human study where it 

was shown that MOP significantly increased the rate of orthodontic tooth movements (M. 

Alikhani et al., 2013).  

 

2.3 What Is Bone Volumetric Fraction (BV/TV)? 

Alveolar bone trabeculae is the functional unit of cancellous bone and is also the main 

factor influencing the quality of trabeculae bone (Friedman, 2006; Fyhrie, 2005). This is 

due to the high bone turnover rate of trabeculae bone which influences bone healing 

(Minkin & Marinho, 1999; Sakka & Coulthard, 2009). 

Bone volume fraction or Bone Volume over Total Volume (BV/TV) is the ratio of 

volume of mineralised bone to volume of the bone being investigated (Baloul et al., 2011). 

It refers to the trabeculae bone microstructure parameter and does not include cortical 

bone volume (Kazama et al., 2010). BV/TV is the most commonly used output of micro-
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CT analysis performed on bone. It can be used to evaluate relative changes in bone 

volume density following a given treatment (Legrand et al., 2000). 

BV/TV or trabecular bone microstructures properties also differ throughout the 

skeleton and vary from individual to individual. However, the BV/TV values are quite 

similar for similar sites throughout the skeleton (Eckstein et al., 2007). Low BV/TV 

values indicate reduction in trabecular bone microstructure or reduced bone density 

(Teixeira et al., 2010; Tsai et al., 2016). RAP will increase bone remodelling with 

accompanying increased osteoclast and osteoblast activity which presents as reduction in 

trabecular bone microstructure due to formation of less dense, less mineralised osteoid. 

This will show up in the computed tomography analysis as a reduction in BV/TV (Baloul 

et al., 2011). 

 

2.4 Why Measure BV/TV? 

Previous CBCT human studies on orthodontic tooth movement had mainly assessed 

bone mineral density changes (Chang et al., 2012; da Silva Campos et al., 2012; Hsu et 

al., 2011; Yu et al., 2016). No human studies on bone volume fraction changes associated 

with accelerating orthodontic tooth movement have been reported. Whereas almost all 

animal studies on acceleration of orthodontic tooth movement with corticotomy or MOP 

had reported both bone mineral density and bone volume fraction changes (Baloul et al., 

2011; Librizzi et al., 2017; C. A. Murphy et al., 2014; Sugimori et al., 2018; Tsai et al., 

2016). This is because both changes in overall bone structure (represented by BV/TV) 

and mineral content (bone mineral density) reflect the coupled bone remodelling cycles 

induced by alveolar decortication. Hence, it is prudent to measure both parameters for 

better representation of the bony change (Baloul et al., 2011).  
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CBCT has been reported to be weak in measuring bone density level (Campos, de 

Souza, Mota Junior, Fraga, & Vitral, 2014; Cassetta, Stefanelli, Pacifici, Pacifici, & 

Barbato, 2014) but on par with micro-CT (Ibrahim et al., 2014; Parsa, Ibrahim, Hassan, 

van der Stelt, & Wismeijer, 2015), which is the gold standard for BV/TV measurements. 

Besides that, high bone density does not always correspond to high trabeculae parameters 

such as trabeculae number and trabeculae thickness as bone quality is dependent on four 

factors, namely microstructure, density, bulk and spacing (Gomes de Oliveira, Leles, 

Lindh, & Ribeiro-Rotta, 2012). Based on these facts, it would be a better choice to use 

CBCT measured BV/TV as the parameter to represent bone changes associated with MOP 

accelerated orthodontic tooth movement.  

The investigation of bone volumetric fractions through a non-invasive, non-destructive 

means like CBCT allows for representative observation of the bone homeostasis effects 

of MOP (Baloul et al., 2011). Histological studies have shown that there is bone 

resorption on the pressure side and bone deposition on the tension side in relation to 

orthodontic force application (Krishnan & Davidovitch, 2006). This can be observed as 

BV/TV reduction for bone resorption and BV/TV recovery or increase for bone 

deposition (Baloul et al., 2011). The mechanism of action of RAP following a mechanical 

injury (such as MOP) is the coupling of osteoclasts and osteoblast in the same time frame 

following noxious stimuli (Sebaoun et al., 2008). The overlap of resorptive and formative 

changes in the bone creates a dynamic environment (King, Keeling, & Wronski, 1991) 

that accelerates the turnover rate of alveolar bone which increases orthodontic tooth 

movement (Verna et al., 2000). Animal studies of micro-CT investigations of bone 

volume fractions show earlier, more and longer lasting reduction of BV/TV occurring in 

orthodontic tooth movement with selected alveolar decortication groups compared to just 

orthodontic tooth movement alone  (Baloul et al., 2011; Sugimori et al., 2018; Tsai et al., 
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2016) thus proving the mechanism of action of RAP. These studies prove that BV/TV is 

a viable parameter for analysing trabeculae bone pattern changes associated with MOP. 

 

2.5 Methods to Measure BV/TV 

Trabeculae bone microstructures are three-dimensional structures which must be 

evaluated with three-dimensional imaging techniques. According to a series of articles by 

Genant et al (Genant et al., 1996; Genant, Engelke, & Prevrhal, 2008; Genant et al., 2000), 

non-invasive, non-destructive imaging techniques such as computed tomography (CT) 

are reliable methods for analysing trabecular micro-structure density. The CT detects 

minerals which are the densest elements in alveolar bone and is measured in Hounsfield 

units (HU). CT can be divided into in-vivo use (high-resolution CT, volumetric 

quantitative CT, high-resolution magnetic resonance) or in-vitro use (micro-CT and 

micro magnetic resonance) based on their radiation exposure. 

 

2.5.1 Micro-CT  

High resolution micro-CT is used for assessing various bone parameters such as bone 

mass, bone density and bone trabeculae microstructure. It provides detailed and accurate 

bone trabeculae patterns due to its ability to attain isotropic voxel size of almost 10 µm 

(Faot, Chatterjee, de Camargos, Duyck, & Vandamme, 2015). The width of rodent 

trabeculae bone ranges from 50-100 µm, thus voxel size of 10-20 µm is required for 

accurate microstructure assessment which is achievable with micro-CT (Muller et al., 

1996). Micro-CT has been recommended as a gold standard imaging for ex-vivo bone 

studies due to its high resolution (Yip, Schneider, & Roberts, 2004). This is evident in the 

literature as many animal studies used micro-CT to analyse BV/TV changes (M. Alikhani 
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et al., 2012; An, Li, Liu, Wang, & Zhang, 2017; Baloul et al., 2011; Cheung et al., 2016; 

Sugimori et al., 2018; Teixeira et al., 2010; Tsai et al., 2016; Xu, Zhao, Xu, & Ding, 2013; 

Zhuang, Bai, & Meng, 2011). The radiation dose of a micro-CT scan is very high and can 

even influence the experimental outcome (Willekens et al., 2010) and is detrimental for 

human evaluation purpose.  Despite all its effectiveness in providing high resolution CT 

images, micro-CT is limited to small animal studies due to its high radiation dose and 

limited scanning range. 

 

2.5.2 Cone Beam Computed Tomography (CBCT) 

CBCT is a three-dimensional imaging modality developed in the 1990s to replace 

single and multi-slice CT for diagnostic imaging in oral implants (Hatcher, 2010). Due to 

its many advantages such as rapid scan and processing time, high resolution images, 

relatively low radiation doses and cost, CBCT has superseded other CT imaging 

modalities in dentistry (Scarfe, Farman, & Sukovic, 2006). Despite all its advantages in 

clinical application of CBCT, it was reported that CBCT was lacking in measurement of 

bone density due to differing grayscale density values (Cassetta et al., 2014) and artefacts 

(Molteni, 2013; Schulze et al., 2011). Campos et al also discouraged the use of CBCT for 

measurement of bone mineral density due to inconsistencies in gray values related to 

object density, scattering effect of radiation beam and x-ray beam hardening effect 

(Campos et al., 2014). 

Recent studies have reported good reliability of CBCT as a tool to measure bone 

volumetric fraction or BV/TV. Two studies (Gonzalez-Garcia & Monje, 2013; Van 

Dessel et al., 2013) in comparing CBCT against micro-CT in assessing BV/TV of bone 

biopsies, reported good reliability in favour of CBCT. Another study reported strong 

correlation between bone morphometric parameters analysed by CBCT and two-
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dimensional histology (Y. Huang et al., 2014). A more recent study concluded that the 

bone quality related morphometric indices (including BV/TV) measured by CBCT were 

at a level of accuracy and reliability near approaching to that of micro-CT (Van Dessel et 

al., 2017). 

CBCT imaging modalities have been used in orthodontics mainly for analysing bone 

density (Chang et al., 2012; da Silva Campos et al., 2012; Hsu et al., 2011; Yu et al., 

2016). All four studies report that bone density was reduced with orthodontic tooth 

movement and that CBCT is a useful modality in evaluating bone density changes. Yu et 

al evaluated the bone density changes throughout the course of orthodontic treatment and 

reported that the alveolar bone density around teeth was reduced during active orthodontic 

tooth movement and the bone density levels returned to pre-treatment values after the 

retention period (Yu et al., 2016). 

 

2.5.3 How Does CBCT Work? 

CBCT is a type of three-dimensional (3D) volumetric imaging technology. It consists 

of an x-ray source which produces a cone shaped ionizing radiation beam and an x-ray 

detector to capture the image. Both x-ray source and detector rotate around the center of 

the field of view (FOV). During the rotation, multiple (150-600) sequential image 

projections are acquired. These stack of images are stacked together by a computer to 

reconstruct a three-dimensional (3D) representation. As the CBCT exposure encompasses 

the entire FOV, only one rotation is needed to obtain the data for image construction 

(Scarfe & Farman, 2008). 

 

 

Univ
ers

ity
 of

 M
ala

ya



14 

The image reconstruction process can be divided into 3 stages (Whaites & Drage, 

2013): 

i. Data acquisition – the CBCT machine scans the patient  

ii. Primary reconstruction – the scan is divided by the computer into voxels 

and calculates the x-ray absorption in each voxel and allocated a gray shade 

that ranges from black (maximum x-ray absorbed by detector) to white (zero 

x-rays absorbed) 

iii. The computer software constructs a multi-planar image  

The resolution of a CBCT image is determined by the voxels or individual volume 

elements. Voxel dimensions are dependant on pixel size on the x-ray detector. The 

resulting CBCT images consist of submillimeter isotropic voxel resolution ranging from 

0.076 – 0.4 mm, thus providing accurate multi-planar reformation images (Scarfe & 

Farman, 2008). 

CBCT radiation doses varies depending on the machine, field of view (FOV), and 

technique (Ludlow, Davies-Ludlow, Brooks, & Howerton, 2006). The effective dose of 

a CBCT is about 4 – 42 time greater than a panoramic radiograph (Ludlow et al., 2006). 

The mean adult effective dose based on size of FOV were 212 µSv for large field of view, 

177 µSv for medium field of view and 84 µSv for small field of view (Ludlow et al., 

2015). 

 

2.6 MOP Effects on BV/TV 

2.6.1 Range of BV/TV Reduction after MOP 

According to Midgett, the greatest orthodontic tooth movement occurs in alveolar bone 

with loose trabeculae and less bone resistance (Midgett, Shaye, & Fruge, 1981). This 
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statement has been proven partly by the various human (M. Alikhani et al., 2013) and 

animal studies (Baloul et al., 2011; Cheung et al., 2016; Sugimori et al., 2018; Teixeira 

et al., 2010; Tsai et al., 2016) that report significant increase in orthodontic tooth 

movement with MOP or corticotomy intervention. The animal studies (Teixeira et al., 

2010; Tsai et al., 2016; Verna et al., 1999) also describe that the RAP effect is not just 

limited to the area of intervention, but also extended to the surrounding adjacent teeth 

(but not to the contralateral side) as a reduction in bone density and BV/TV. However, to 

date no human studies have reported on the extent of BV/TV reduction following MOP 

intervention. This information is clinically relevant as it would provide a clinician with 

the effective range of a MOP intervention thus allowing proper planning of the location 

and number of MOP needed to induce the most effective orthodontic tooth movement. 

 

2.6.2 Duration of BV/TV Reduction after MOP 

Following MOP in rodents, Tsai et al reported an insignificant reduction of BV/TV. 

However the changes are significant for reduction of bone mineral density, faster tooth 

movement after 3 weeks; BV/TV and bone mineral density reduction and faster tooth 

movement after 6 weeks (Tsai et al., 2016). Based on the results of their study, they 

concluded that RAP was observed within 2 weeks of MOP intervention. Buschang et al 

applied the RAP duration for dogs (Cohen, Campbell, Rossouw, & Buschang, 2010) to 

humans and hypothesized that the RAP duration in humans lasts about 2-3 months 

(Buschang, Campbell, & Ruso, 2012). RAP is initiated within a few days following 

noxious stimuli (MOP), then increases and peaks in 1-2 months before subsiding back to 

normal levels about 4 months later (Amit, Jps, Pankaj, Suchinder, & Parul, 2012; 

Schilling et al., 1998; Wilcko et al., 2001). Baloul et al reported that following selective 

alveolar decortication in rodents, BV/TV was significantly reduced at 7 days then slowly 
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recovered back to normal levels at 28 days (Baloul et al., 2011). However, there are no 

human studies that report the BV/TV pattern changes in relation to MOP intervention. In 

addition, no studies have reported the trabeculae pattern changes following multiple 

subsequent RAP inducing surgical interventions. Localized increased in turnover rate of 

alveolar trabeculae is induced by MOP intervention (Sebaoun et al., 2008; Tsai et al., 

2016). As the RAP effect has a peak duration, would multiple MOP interventions be able 

to stimulate the BV/TV to be maintained close to peak levels thus extending the duration 

of RAP? 

 

2.7 Clinical Application of MOP 

In a clinical guide for MOP application (Chinapa Sangsuwon, Alansari, Lee, Nervina, 

& Alikhani, 2017), it was recommended that MOP should be placed based on the location, 

number and depth of the MOP. For location, the recommended protocol was to apply 

MOPs around the target tooth, focusing the MOP in the desired direction of tooth 

movement. MOP was also advocated to be placed more apically to accelerate orthodontic 

tooth movements that require more root movements such as intrusion and torque. 

Furthermore, the placements of MOPs were advised to be limited to the attached gingiva 

and proximal to tooth roots. The basis of these recommendation were based on the 

research that MOPs stimulates catabolic and anabolic (remodeling) effects in bone (Mani 

Alikhani et al., 2015; M. Alikhani et al., 2013; C. Sangsuwon, Alansari, Nervina, 

Teixeira, & Alikhani, 2017; Teixeira et al., 2010). The catabolic effects are useful in the 

following clinical scenarios such as acceleration of orthodontic tooth movement, 

uprighting teeth, tracking unerupted teeth and torqueing movements (Mani Alikhani et 

al., 2015). However, there were no references as to the extent of these catabolic effects. 

The first study on MOP effect in humans concluded that MOPs can significantly 
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accelerate orthodontic tooth movement, and that future studies on number and frequency 

of MOPs be conducted to facilitate clinical application (M. Alikhani et al., 2013). A recent 

study had describe that the overall canine retraction was not affected by different MOP 

intervals (Sivarajan et al., 2018). To date no study has investigated the spread of 

mandibular trabeculae pattern in relation to different MOP intervals for accelerating 

orthodontic tooth movement. This evidence could serve as further useful guide to the 

actual application of MOP clinically. 
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CHAPTER 3: METHODOLOGY 

3.1 Trial Design 

This was a prospective randomized single centre clinical trial conducted at the Faculty 

of Dentistry, University of Malaya.  Comprising 2 parts, the first stage was a clinical split-

mouth study where comparison of tooth movement (canine retraction) was done between 

the intervention (MOP) side of the lower arch and conventional canine retraction on the 

contralateral side. The later stage of the trial was aimed to analyse the change in the 

trabecular bone volumetric fraction (BV/TV) using cone beam computed tomography 

(CBCT). Both stages were conducted by different orthodontic postgraduate students, SS 

and TNHK respectively. 

 

3.2 Sample Size Calculation  

Our study was to evaluate trabecular bone volume fraction changes in the mandible 

between the MOP intervention and the conventional canine retraction sides, and to 

correlate this to the canine retraction rate.  A power analysis was calculated with 

G*Power: Statistical Power Analyses software (Faul, Erdfelder, Lang, & Buchner, 2007). 

We used the BV/TV means of 46.02 ± 5.60% (MOP) and 59.48 ± 7.53% (Control) from 

an animal study (Tsai et al 2016) to estimate the effect size because there is as yet, no 

human studies reported to estimate BV/TV values. To be able to observe an effect size of 

0.7 at the α = 0.05 significance level and to have an 80% power to detect significant 

differences within 3 groups, a sample size of 24 patients divided into 8 subjects per group 

in a 1:1:1 ratio would be needed. To account for dropouts, a total sample size of 30 

participants were recruited. 
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As this is a split mouth study, the sample size of 24 subjects with 2 observation sites 

per patient would be equivalent to 48 sites, with each patient contributing 2 sites (Pandis, 

2012).  

 

Figure 3.1 Sample size calculation using G*Power software 

 

3.3 Participants, Eligibility Criteria and Settings 

Participants for the trial was recruited from the Dental Clinic at the Faculty of 

Dentistry, University of Malaya and treated at the Postgraduate Orthodontic Clinic, 

Faculty of Dentistry, University of Malaya by one orthodontic postgraduate student (SS) 

under the supervision of one orthodontic Consultant (WMC), who was the main 

supervisor of this study. The total sample size collected for the purpose of this trial was 

30 participants. Eligibility criteria is as displayed below: 
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Table 3.1 Eligibility Criteria for the study 

ELIGIBILITY CRITERIA FOR THE STUDY 

INCLUSION CRITERIA EXCLUSION CRITERIA 

Age range :  18-years-old and above  

Either molar Class I malocclusion or 

molar Class II or III < ½ unit 

Requiring extraction of all four 

permanent first premolar teeth 

Maximum anchorage control with 

temporary anchorage device (TAD) 

 

All permanent teeth erupted from 

upper right first molar to upper left 

first molar, lower right first molar to 

lower left first molar. 

Impacted teeth 

Unerupted teeth 

Missing teeth 

Average vertical facial proportions Vertical skeletal discrepancies, eg. 

high angle and low angle 

No temporal mandibular joint related 

problems 

History or present temporal 

mandibular joint related problems 

No systemic disease Systemic disease especially on long 

term use of antibiotics, phenytoin, 

cyclosporine, anti-inflammatory 

drugs, systemic corticosteroid and 

calcium channel blockers 

Good oral hygiene Poor oral hygiene for more than 3 

visits 

No history of periodontal therapy Past periodontal disease 

No current active periodontal disease Current periodontal disease 

 

 

3.4 Ethical Approval 

Ethical approval for the conduct of this study was obtained from the Ethics Committee 

of the Faculty of Dentistry, University of Malaya (DF CD1412/0089(P)).  All patients 

who match the inclusion criteria were informed of the trial and offered to participate in 

the trial. Informed consent was obtained from voluntary participants, and patients who 

declined participation were treated as normal patients at the Postgraduate Orthodontic 

Clinic in Faculty of Dentistry, University of Malaya. 
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3.5 Randomisation 

Of the total of 30 patients recruited for the trial, each patient was assigned a specific 

research code.  

The following characteristics had to be randomly assigned to each trial participant. 

i. Intervention and control side for the mandible 

ii. Intervention interval for the mandible 

There were 3 groups of different intervals:  

i. Group 1 – 4 weekly intervention interval in the mandible. 

ii. Group 2 – 8 weekly intervention interval in the mandible. 

iii. Group 3 – 12 weekly intervention interval in the mandible. 

First, the 30 participants were randomly assigned to one of the 3 intervention interval 

groups at a 1:1:1 distribution, by matching their research code to the simple randomized 

block sampling sequence generated online at RANDOM.ORG.  Following that, simple 

randomised block sampling for the intervention and control side for the mandible was 

done separately via drawing of lots by the patients themselves. The following steps 

described the randomisation process. 

i. Patients randomly assigned to interval groupings, groups 1, 2 and 3 

ii. Patient drew lots to randomise intervention and control sides of mandible 

 

3.6 Blinding 

Randomisation, treatment, intervention and data collection were carried out by the 

orthodontic postgraduate students (SS and TNHK) and the orthodontic consultant 
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(WMC), thus it was not possible to blind the clinicians and patients to the intervention 

and control side, intervention interval and data collection in the clinical part of the study. 

However the CBCT data of the patients were allocated codes which served to blind the 

orthodontic postgraduate student (TNHK) who analyzed the trabecular bone volumetric 

fraction data. This blinding ensured some partiality and reduced bias during data analysis. 

 

3.7 Interventions 

The first clinical stage of this trial was done by one postgraduate student (SS) assisted 

by an orthodontic consultant (WMC). At the first appointment, preadjusted edgewise 

brackets (3M 0.022” x 0.028” slot in MBT prescription) were bonded from the second 

premolar to the contralateral second premolar of all quadrants, except the first premolars 

which were scheduled to be extracted. Elastomeric separators were placed at all the first 

molars.  

At the second appointment, the first molars were banded (3M 0.022” x 0.028” slot in 

MBT prescription) and separators then placed at the second molars. Following that, 

appointments were arranged for banding of second molars, then insertion of mini-

implants with accompanying indirect anchorage in each quadrant, and then extraction of 

all first premolars in each quadrant.  

A mini-implant (Orlus Extra thread Mini-Implant, 1.6mm width, 6mm length) was 

placed in the keratinised gingiva between the second premolars and first molars of each 

quadrant, standardised at 3mm apical to the cervical margin of the second premolar. 

Dislodged mini-implant was reinserted 5mm apical to the cervical margin of the second 

premolar. The gingiva was anaesthetised (Scandonest 2%, 2.2ml containing 44mg 

Mepivacaine Hydrochloride; 22 microgram Adrenaline) prior to mini-implant insertion, 
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and guided via periapical radiographs and an insertion jig made with 0.020” Australian 

stainless steel. Subsequently, a coiled loop bent from 0.020” Australian stainless steel 

extending from mesial of the first molar bands to the distal surface of the mini-implant 

was placed to serve as indirect anchorage to ensure absolute anchorage of the first molars. 

With the anchorage of the first molars secured, the first premolars were then arranged 

to be removed, the sequence scheduled according to the quadrant where anchorage 

preservation was deemed more demanding (eg, crowding and centreline shift). Both 

extractions and placement of mini-implants were completed within 1 month after 

bonding. 

Following first premolar extractions, a standardised arch wire sequence was used, 

comprising of  

i. 0.014” Nickel Titanium (3M Nitinol SuperElastic),  

ii. 0.018” Nickel Titanium (3M Nitinol SuperElastic),  

iii. 0.017” x 0.025” Nickel Titanium (3M Nitinol SuperElastic) and  

iv. 0.018” x 0.025” Stainless Steel (GAC PAK Stainless Steel ACCUFORM).  

The interval between each archwire change was 6 weeks. Elastomeric bumper sleeves 

were used to maintain extraction spaces, prior to canine retraction.  

Canine retraction was done 1 month after the 0.018” x 0.025” stainless steel working 

archwires were placed. All 4 canine teeth were retracted using power chain (3M Unitek 

Alastik Chain) loaded with 140-200g force, and stretched from canine brackets to the 

mini-implants of the respective quadrants. Micro-osteoperforations (MOP) were carried 

out at intervention sites and none at control sites. 
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The sites chosen for MOP was at the buccal cortical bone, equidistance from the canine 

and second premolar tooth. Prior to MOP at the intervention sites, the gingiva was 

anaesthetised (Scandonest 2%, 2.2ml containing 44mg Mepivacaine Hydrochloride; 22 

microgram Adrenaline) and the thickness of the attached gingiva measured with a 

Williams periodontal probe. Three MOPs of 3mm depth into bone and 2mm apart from 

each other were placed in a vertical line at the buccal cortical bone through the gingiva, 

approximately at the horizontal level of the cervical margin of the canine tooth and 

extending apically. A rubber stopper was used to mark the sum of 3 mm to the gingiva 

thickness on the mini-implant (Orlus Extra thread Mini-Implant, 1.6mm width, 6mm 

length). This way, the depth of MOP was standardized to 3mm in buccal cortical bone. 

Subsequently, pressure with cotton pellet was used to achieve haemostasis. Paracetamol 

1000mg was prescribed for pain management on an “only when needed” basis. 

All 3 groups had MOP at the intervention sites at the start of the 16 weeks, which 

coincide with the start of canine retraction. Patients were reviewed every 4 weekly over 

a period of 16 weeks. At these appointments, the distance of canine movement was 

recorded clinically with digital callipers with an accuracy of 0.01mm, the power chains 

for canine retraction were replaced, and MOP performed according to the scheduled 

intervals. This meant that Group 1 (4 weekly intervention interval in the mandible) had a 

total of five MOPs within the 16 weeks’ period; Group 2 (8 weekly intervention interval 

in the mandible) only had three MOP within the 16 weeks’ period and Group 3 (12 weekly 

intervention interval in the mandible) had two MOP within the 16 weeks’ period (Table 

3.2).  
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3.7.1 CBCT Data Collection 

At 12 weeks after start of canine retraction, a CBCT image of the left and right 

mandibular quadrant (both control and intervention sides) extending from the lateral 

incisor to the first molar was done before receiving clinical treatment for that 

appointment. The patients were then followed up until 16 weeks and the rate of canine 

movement measured accordingly. After that, all patients were treated to completion as 

determined in the treatment plan and eventually debonded. 

As the CBCT image was taken at the 12th week review, the MOP done on the same 

day would not have expressed their effect. Hence the CBCT would only record the effects 

of three MOP interventions for Group 1 (4 weekly intervention interval in the mandible), 

two MOP interventions for Group 2 (8 weekly intervention interval in the mandible) and 

one MOP intervention for Group 3 (12 weekly intervention interval in the mandible). This 

was the reason for taking the CBCT image at the 12th week review instead of the 16th 

week review. 

Table 3.2 MOP Intervention and CBCT schedule 

    CBCT scan  

      

 Start of 

canine 

retraction 

4th week 

review 

8th week 

review 

12th week 

review 

16th week 

review 

Group 1 

(MOP every 

4 weeks) 

MOP MOP MOP MOP MOP 

Group 2 

(MOP every 

8 weeks) 

MOP  MOP  MOP 

Group 3 

(MOP every 

12 weeks) 

MOP   MOP  
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3.7.2 CBCT analysis 

During the second stage of the trial, CBCT dataset was processed to analyse the 

trabecular bone volumetric fraction (BV/TV) of control and intervention sites was done 

by researcher TNHK. The CBCT images of the left and right side of the mandible was 

taken using Kodak 9000C 3D model CBCT machine with the scanning exposure settings 

of 70kV, 10mA, 10.80 seconds, field of view (FOV) of 5cm x 5cm and voxel size of 

76µm. As the CBCT imaging was done digitally, the accompanying software from 

Kodak, the Trophy DICOM version 6.4.0.4 was used to reconstruct the 3D radiographic 

image and subsequently saved as a set of DICOM® (Digital Imaging and 

Communications in Medicine) files. ImageJ (version 1.50i, a public domain image 

processing software) (Figure 3.2) was then used to convert the DICOM® files into a series 

of BMP (bitmap image) files (Figure 3.3), which were then analysed using the CT 

Analyser program (version 1.11.0.0 copyright SkyScan) (Figure 3.4). The analysis of 

BV/TV parameter were performed using the CT Analyser program. This allowed for the 

three-dimensional mapping of the trabecular bone pattern and the calculation of the 

trabecular bone volumetric fraction. 
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Figure 3.2 Image J version 1.50i image processing software 

 

 

Figure 3.3 Series of BMP (bitmap image) files 
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Figure 3.4 CT Analyser program version 1.11.0.0 from SkyScan 

 

Each mandibular quadrant was divided into vertical and horizontal region of interest 

(ROI) for analysis. The vertical ROI consisted of the trabeculae bone between the distal 

surface of the mandibular canine tooth root to the mesial surface of the mandibular second 

premolar root (Figure 3.5). The top slice of the ROI started from a slice apical to the 

cemento-enamel junction (CEJ) of the canine tooth, while the bottom slice of the ROI 

was determined to be the slice 44.4mm apical to the upper slice on the axial view of the 

CBCT image. The lateral borders of the vertical ROI were the distal cortical plates of the 

canine tooth socket and the mesial cortical plates of the first molar tooth. The vertical 

ROI was then divided into three equal vertical sections of 14.8mm in height where the 

top part was labelled as V1, the middle as V2 and the apical third as V3. The height of 

each vertical section was determined at 14.8mm to account for the sum of the diameter 

of 3 MOPs (1.6mm) and the distance of the spaces in between MOPs (the MOP sites are 

2mm apart from each other and 3mm from the upper and lower border to account for any 

margin of error). 
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Figure 3.5 Schematic diagram for vertical sections 

 

The horizontal ROI consisted of the trabeculae bone extending from the distal surface 

of the mandibular lateral incisor to the mesial surface of the mandibular first molar 

(Figure 3.6). The top border of the horizontal ROI was set at 7.4mm apical from the CEJ 

of the mandibular canine tooth. This upper limit enabled better analysis of available 

interdental trabeculae bone in between the apically tapering roots of the mandibular 

lateral incisor and canine, while staying at a vertical level that involved the MOP sites. 

The bottom limit of the horizontal ROI was set at 14.8mm from the CEJ of the mandibular 

canine. The horizontal ROI was divided into 3 unequal sections (H1-H3). H1 consisted 

of the trabeculae bone from the distal cortical plate of the mandibular lateral incisor tooth 

socket to the mesial cortical plate of the mandibular canine tooth socket. H2 extended 

from the distal cortical plate of the mandibular canine tooth socket to the mesial plate of 

the mandibular second premolar tooth socket. H3 consisted of trabeculae bone from the 

distal cortical plate of the mandibular second premolar tooth socket to the mesial surface 

of the mandibular first molar cortical plate. 
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Figure 3.6 Schematic diagram for horizontal sections 

 

Firstly, the BMP files of a single mandibular quadrant were exported to the CT 

Analyser program which then appeared in the “Raw images” tab as an image series of 

layers of mandibular structure with their associated thickness measurements (Figure 3.7). 

 

Figure 3.7 Raw tab of CT Analyser showing the BMP files loaded 
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Next, the layer containing the CEJ of the canine tooth was located (Figure 3.8). This 

layer is very important as it serves as the starting reference point for the analysis. In order 

to locate the CEJ of the canine, the crown of the canine was identified then followed 

apically until the layer where the radio-opaque mass of the crown immediately 

terminated, this layer was then noted as the CEJ layer which was then set as the top 

selection in the “Raw images tab” (Figure 3.8 - 3.10). 

 

Figure 3.8 Layer showing crown of canine 

Radio-opaque mass 

indicating the enamel 

crown of canine 
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Figure 3.9 Axial slice image showing cemento-enamel junction 

Axial image showing where 

enamel of canine immediately 

terminates indicating CEJ. Thus 

CEJ is at line 256 at 67.733mm 
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Figure 3.10 Setting the CEJ layer as the top layer of selection 

 

The CEJ layer served as the top border of V1. The bottom border of V1 was determined 

by subtracting 14.8mm from the CEJ layer (67.733 mm) then set as the bottom selection 

(Figure 3.11). 
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Figure 3.11 Setting the bottom layer of the region of interest (ROI) 

 

The selected layers were then transferred to the “Region of interest” tab (Figure 3.12). 

A polygonal region of interest with editable points was used to mark the region of V1 at 

the top and bottom layers of selection (Figure 3.13 – 3.15). Following that, an adaptive 

interpolation was selected to have a better, more adapted selection of the region of interest 

(ROI) (Figure 3.16). The ROI was then checked manually at each individual layer to 

ensure correct selection of the region of interest. If the program erroneously selected the 

wrong region of interest on a particular layer, then a manual selection of the ROI was 

done instead. 
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Figure 3.12 Region of Interest Tab 
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Figure 3.13 Polygonal shape for region of interest selection 
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Figure 3.14 Editable polygonal shape for region of interest selection 
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Figure 3.15 The top layer selection for the region of interest of V1 
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Figure 3.16 Applying Adaptive Interpolation to Select the Region of Interest 

 

The correctly identified ROI was then transferred to the binary images tab  (Figure 

3.17) where white color representing the solid regions of the bony trabeculae areas that 

lie within the range of the binary threshold selection (Bruker, 2013). The spaces among 

the bony mandibular trabeculae appeared as black. The toggle tab was then applied to 

filter the image where only the region of interest remained black-and-white while the 
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image outside the region of interest was the same color as the background. Then, the 

histogram that represented the binary threshold was changed to “histogram/from selection 

tab”. This is to ensure that the histogram distribution of the brightness (solid areas of 

bone) was derived only from the previously selected layers instead of from the whole 

dataset. Hence, allowing the histogram to correctly represent the binary threshold of the 

selected ROI. Next the threshold values of the histogram were determined by visual 

evaluation where the selected threshold values allowed a complete visualisation of the 

buccal cortical plate of the mandible. The boundaries for the threshold value selection 

was set using 2 sliders (above and below the histogram window) (Figure 3.17). This 

selection of threshold value was only done for the control side. These values were then 

fixed as the standard threshold value for each patient. This allowed the comparison of the 

intervention side to the control side. 

 

 

Figure 3.17 The binary image tab showing the region of interest in the binary 

image 

After converting the selected region of interest (i.e. V1) into binary, the data was then 

transferred to the processed images tab (Figure 3.18) and then a 3D analysis was 
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generated which would provide the percentage of bone volume within the region of 

interest which represented the trabecular bone volume fraction (BV/TV) (Figure 3.19 – 

3.20). 

 

Figure 3.18 Processed Images Tab 

 

 

Figure 3.19 Tab Showing the 3D Analysis Selection 
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Figure 3.20 3D Analysis Result Showing BV/TV Values That Represent 

Trabecular Bone Volume Fraction 

 

This process was then repeated to obtain the BV/TV values for all ROIs (V1, V2, V3, 

H1, H2 and H3) for each individual patient. The data was then recorded for each 

individual patient and then collected in a general database. 
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3.8 Calibration of examiners 

Calibration of the digital callipers was done every time prior to clinical measurement 

of canine movement. Intra-observer and inter-observer values for clinical measurement 

of canine retraction were assessed between examiner SS and examiner WMC. 

Examiner TNHK was trained by Norliza Ibrahim (Ibrahim et al., 2014) to use the CT 

Analyser software for the purpose of measuring trabecular bone volumetric fraction. A 

period of one month was allocated for familiarization of technique and software. 

Following that, five random samples were selected and their BV/TV values obtained for 

statistical determination of intra-observer reliability. This was repeated two weeks later 

and the intra-observer reliability calculated. In conjunction with that, this set of results 

were also compared against the result of another experienced researcher (M) for analysis 

of inter-observer reliability.  
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CHAPTER 4: RESULTS 

 

4.1 Instrument Validation 

4.1.1 Calibration of Examiners for Clinical Measurement of Rate of Canine 

Retraction 

Intra-observer values were excellent for both examiners SS and WMC (ICC 0.94 and 

0.91 respectively). Their inter-examiner reliability score was also excellent at ICC 0.93.  

 

4.1.2 Calibration of Examiners for Radiographic Measurement of Bone 

Volumetric Fraction (BV/TV) 

Examiner TNHK was trained by Norliza Ibrahim (Ibrahim et al., 2014) to measure 

trabecular bone volumetric fraction using The CT Analyser program. After one month of 

familiarization with the technique and use of the program, BV/TV values of five random 

samples were obtained and repeated 2 weeks later for intra-observer reliability (Table 

4.1). Comparison was done against the result of another experienced researcher (M) for 

analysis of inter-observer reliability.  

Table 4.1 BV/TV values used for intra- and inter-observer reliability tests 

Sample 

BV/TV (%) observer 

TNHK 
M 

1st measurement 2nd measurement 

1 72.22 81.02 73.41 

2 58.96 57.44 49.62 

3 42.41 44.92 52.60 

4 60.75 60.04 62.47 

5 50.93 55.25 45.80 
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4.1.3 Error of Method 

In 1954, Fisher introduced a modified Pearson correlation coefficient as Intraclass 

correlation coefficient (ICC) (Fisher, 1954). In research, the intraclass correlation 

coefficient is used to evaluate inter-rater and intra-rater reliability analyses (Koo & Li, 

2016). According to Shrout and Fleiss, a 2-way mixed-effect model and an “absolute 

agreement” type should be used to test intra-rater reliability with multiple scores from the 

same rater (Shrout & Fleiss, 1979). Hence for this study, ICC estimates and their 95% 

confident intervals were calculated using SPSS statistical package version 22 based on a 

mean-rating (k = 2), absolute-agreement, 2-way mixed-effects model. Both intra-rater 

(0.96) and inter-rater (0.90) ICC scores indicated excellent and good reliability 

respectively (Tables 4.2 and 4.3). 

Table 4.2 Intra Examiner, ICC 0.96 

 

 

Table 4.3 Inter Examiner, ICC 0.90 
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4.2 Workflow of the Research Project 

For the clinical stage of this study, a total of 179 patients were assessed for eligibility. 

147 participants did not meet the inclusion criteria and were thus excluded from the study. 

Two patients opted not to enter the trial for personal reasons. All 149 patients who were 

not entered into the trial continued to receive orthodontic treatment at the Faculty of 

Dentistry, University of Malaya. The 30 patients that fulfilled the inclusion and exclusion 

criteria were then randomized into three groups of different intervention intervals. The 

first patient was entered into the trial in September 2014 and the data collection for the 

clinical part was completed in February 2017. There were no dropouts at the clinical stage 

of the trial. 

For the radiographic stage of the trial, there were six dropouts, two from the 4 weekly 

MOP interval (Group 1) and four from the 8 weekly MOP interval (Group 2) (Figure 4.1). 
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Figure 4.1 Consort Flow Diagram Depicting the Workflow of the Trial 

 

 

4.3 Demographic Results 

A total of 30 subjects were recruited for the first stage of this trial. They were randomly 

distributed into three groups of 10 subjects each, based on the MOP intervention intervals 

of 4 weeks (Group 1), 8 weeks (Group 2) and 12 weeks (Group 3). CBCT data was 

available only for 24 out of the 30 subjects in the second stage of this trial.  
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Figure 4.2 Demographics for Dropouts Based On MOP Intervals 

 

The reasons for dropouts were due to pregnancy at the time for CBCT imaging (n=3), 

technical error with CBCT imaging program (n=2) and patient refusal for CBCT imaging 

(n=1) (Figure 4.1). The final number of subjects for CBCT analysis were 8 subjects for 

the 4 weekly MOP interval group, 6 for the 8 weekly group and 10 for the 12 weekly 

group (Figure 4.3).  
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Figure 4.3 Proportion of Group Subjects 

 

The subjects’ age ranged from 19 to 27-years-old, with the mean ages of 23.4 ± 1.8 

years for the 4 weekly MOP interval group, 24.0 ± 2.6 years for the 8 weekly group and 

23.3 ± 2.8 years for the 12 weekly group (Figure 4.4). The difference between the groups 

were not significant (p=0.85 calculated from ANOVA). 

 

 

8 (33%)

6 (25%)

10 (42%)
4 weekly MOP
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Figure 4.4 Demographics for Age Based on MOP Intervals 

(ANOVA mean age between groups p=0.85) 

 

A total of 6 male (25%) and 18 female (75%) patients participated in the study. The 

gender distribution according to MOP intervals is reported in Figure 4.5. There was no 

statistically significant association between gender and MOP interval grouping (p=0.64, 

calculated by Pearson Chi-Square). 
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Figure 4.5 Participant Demographics for Gender Based on MOP Intervals 

(Pearson Chi-Square for association between gender and intervention groups, p=0.64) 

 

4.4 Normality of Data 

The Shapiro-Wilk Test was chosen to test the data for normality spread as it was more 

appropriate for small sample sizes (< 50 samples) and had better power detection as 

compared to Kolmogorov-Smirnov test (Ghasemi & Zahediasl, 2012). Data for all groups 

showed significant values of more than 0.05 which indicated that the data in these groups 

were normally distributed and could be analysed with parametric statistical tests (Table 

4.4). 

Paired t-tests were used to analyse the means between two groups in a split-mouth 

design (Pandis, 2015) while ANOVA test was used to analyse means of more than two 

groups.  
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Table 4.4 Normality Spread of Data 

Section Side 
Shapiro-Wilk 

Statistic Significance 

V1 Control 0.96 0.49 

 Intervention 0.96 0.37 

V2 Control 0.95 0.27 

 Intervention 0.97 0.61 

V3 Control 0.93 0.08 

 Intervention 0.86 0.43 

H1 Control 0.98 0.78 

 Intervention 0.94 0.20 

H2 Control 0.93 0.08 

 Intervention 0.96 0.50 

H3 Control 0.92 0.05 

 Intervention 0.95 0.24 

  (* p<0.05 is significant) 

 

4.5 Vertical and horizontal distribution of mandibular trabeculae pattern 

between control and intervention side 

Comparison was carried out for the BV/TV and canine movement rates between 

control and intervention sides. Mandibular trabecular bone volumetric fraction (BV/TV) 

was significantly lesser   (p=0.00) in the MOP intervention site as compared to the 

contralateral control site, specifically V1 section (interdental bone between mandibular 

canine and mandibular second premolar, the area of active orthodontic tooth movement 

during canine retraction) (Table 4.6). Similarly, mandibular trabecular BV/TV was also 

significantly reduced at H2 section (Table 4.6), which overlapped with V1 section. The 

BV/TV at both V1 and H2 sections was approximately 10% less than the control sites. 

The other sections of V2, H1 and H3 showed less mandibular BV/TV when compared to 

the control side but this was not statistically significant (Table 4.6). Similarly, the higher 

BV/TV at the intervention section of V3 was not statistically significant (Table 4.6). On 
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average, the canine movement rate at the MOP intervention sites was significantly faster 

than at the control sites by 1.25mm/4 months or approximately 0.31mm/month. 

Table 4.5 Mean values of Bone Volumetric Fraction (BV/TV) and Canine 

Movement Rates for Control and Intervention sides 

Measured Variable Side N Mean Standard 

Deviation 

Std. Error 

Mean 

BV/TV – V1 (%) Control 24 63.97 7.64 1.56 

Intervention 24 54.18 14.70 3.00 

BV/TV – V2 (%) Control  24 63.24 12.14 2.48 

Intervention  24 58.04 13.48 2.75 

BV/TV – V3 (%) Control  24 62.98 13.01 2.65 

Intervention  24 64.57 10.87 2.21 

BV/TV – H1 (%) Control  24 49.27 23.75 4.85 

Intervention  24 41.74 28.33 5.78 

BV/TV – H2 (%) Control  24 61.65 8.79 1.80 

Intervention  24 51.63 15.25 3.11 

BV/TV – H3 (%) Control  24 97.54 15.03 3.07 

Intervention  24 67.46 15.83 3.23 

Canine movement  Control  24 2.77 1.33 0.27 

rate (mm/4months) Intervention  24 4.03 1.53 0.31 

 

Table 4.6 Paired Sample Test Statistics of BV/TV and Canine Movement Rates 

for Intervention as Compared to Control Sides 

Measured Variable 

Paired difference between control and intervention 

sides 
Significance 

(2-tailed) 
Mean 

Standard 

Deviation 

95% confidence interval 

of the difference 

Lower Upper 

BV/TV – V1 (%) 9.79 11.89 4.77 14.81 0.00* 

BV/TV – V2 (%) 5.20 13.19 -0.37 10.77 0.07 

BV/TV – V3 (%) -1.59 10.47 -6.01 2.83 0.47 

BV/TV – H1 (%) 7.53 25.34 -3.17 18.23 0.16 

BV/TV – H2 (%) 10.03 13.41 4.36 15.69 0.00* 

BV/TV – H3 (%) 0.08 12.06 -5.01 5.17 0.97 

Canine movement 

rate (mm/4 

months) 

-1.25 0.79 -1.59 -0.92 0.00* 

(* p<0.05 is significant, positive values indicate control side value is larger than 

intervention side, negative value indicates intervention side value is larger than control 

side)  
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In analysing the distribution of BV/TV vertically across the alveolar bone, the BV/TV 

at the control side stayed almost the same in the direction towards the apical, the 

difference in between the vertical levels being not statistically significant (Table 4.7 and 

Figure 4.6). However horizontally, the BV/TV at section H1 (interdental bone between 

lateral incisor and canine), H2 (between canine and second premolar) and H3 (between 

second premolar and molar) is significantly different (p=0.00) with the BV/TV increasing 

in the direction towards the posterior (Table 4.7 and Figure 4.7). 

At the intervention side, the BV/TV value increased in the direction towards the apical, 

the difference in BV/TV between the vertical levels being statistically significant 

(p=0.03) (Table 4.7 and Figure 4.6). Horizontally, the BV/TV is significantly different 

(p=0.00) between H1, H2 and H3 with the BV/TV increasing in the direction towards the 

posterior, similar to the horizontal distribution at the control side (Table 4.7 and Figure 

4.7). 

Table 4.7 Distribution of Bone Volumetric Fraction across alveolar bone 

Side Section Mean (%) Std. Deviation Significance 

(analysed by 

ANOVA) 

Control V1 63.97 7.63  

 V2 63.24 12.14 0.95 

 V3 62.98 13.01  

     

 H1 49.27 23.75  

 H2 61.65 8.79 0.00* 

 H3 67.54 15.03  

     

Intervention V1 54.18 14.70  

 V2 58.04 13.48 0.03* 

 V3 64.57 10.87  

     

 H1 41.74 28.33  

 H2 51.62 15.25 0.00* 

 H3 67.46 15.83  

     

 (* p<0.05 is significant) 
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Figure 4.6 Schematic Diagram Showing Vertical Distribution of Bone 

Volumetric Fraction for Control and Intervention Sides 

 

 

Figure 4.7 Schematic Diagram Showing Horizontal Distribution of Bone 

Volumetric Fraction for Control and Intervention Sides 
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4.6 Distribution of vertical and horizontal mandibular trabeculae pattern 

according to different micro-osteoperforation intervals 

 

4.6.1 Micro-osteoperforation at 4 weekly interval (Group 1) 

Data analysis based on MOP intervention intervals showed that with the 4 weekly 

MOP intervention, BV/TV at the V1 and H2 sections was significantly reduced (p=0.01 

and p=0.04 respectively, Table 4.9) by almost 15%, both sites representing the interdental 

bone between mandibular canine and second premolar which was also the area of active 

orthodontic tooth movement during canine retraction, as compared to the control side. 

The mandibular BV/TV in the other sections namely V2, V3 and H1 were lesser when 

compared to the control side but this was not statistically significant. The mandibular 

BV/TV at H3 was almost similar to the control side (Table 4.9).  

The canine movement rate was significantly faster (p=0.00) at the intervention than at 

the control side by 1.49mm over the 4 month period. 

With MOP done at 4 weekly interval, the BV/TV at the intervention side was much 

higher in the direction towards the apical, the difference between the intervention vertical 

levels being significantly different (p=0.01, Table 4.10). Horizontally, the BV/TV 

increased in the direction towards posterior (p=0.01, Table 4.10).  
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Table 4.8 Mean Values of Bone Volumetric Fraction and Canine Movement 

Rates for Control and 4 Weekly MOP Intervention Interval 

Measured Variable Side n Mean 
Standard 

Deviation 

Std. 

Error 

Mean 

Pair 1  BV/TV (%) Control 8 59.15 5.28 1.87 

 Intervention V1 8 44.42 15.47 5.47 

Pair 2  BV/TV (%) Control  8 65.07 10.49 3.71 

 Intervention V2 8 59.13 14.09 4.98 

Pair 3  BV/TV (%) Control  8 67.88 13.95 4.93 

 Intervention V3 8 67.38 11.24 3.97 

Pair 4  BV/TV (%) Control  8 38.27 22.65 8.01 

 Intervention H1 8 34.44 18.30 6.47 

Pair 5  BV/TV (%) Control  8 58.33 7.09 2.51 

 Intervention H2 8 43.25 18.84 6.66 

Pair 6  BV/TV (%) Control  8 65.37 18.89 6.68 

 Intervention H3 8 65.43 18.26 6.46 

Pair 7  Canine 

movement  

rate (mm/4months) 

Control  8 3.08 1.24 0.44 

Intervention  8 4.57 1.74 0.62 
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Table 4.9 Paired Sample Test Statistics of Bone Volumetric Fraction and 

Canine Movement Rates for 4 weekly MOP Intervention Interval as Compared to 

Control Sides 

Measured Variable 

Paired difference Significance 

(2-tailed) 

Mean 
Standard 

Deviation 

95% confidence 

interval of the 

difference 

Lower Upper 

Pair 1 BV/TV Control V1 – 

Intervention V1 (%) 
14.73 12.88 3.96 25.50 0.01* 

Pair 2 BV/TV Control V2 – 

Intervention V2 (%) 
5.95 18.22 -9.29 21.18 0.39 

Pair 3 BV/TV Control V3 – 

Intervention V3 (%) 
0.50 13.41 -10.71 11.71 0.92 

Pair 4 BV/TV Control H1 – 

Intervention H1 (%) 
3.82 26.99 -18.74 26.39 0.70 

Pair 5 BV/TV Control H2 – 

Intervention H2 (%) 
15.08 17.86 0.16 30.01 0.04* 

Pair 6 BV/TV Control H3 – 

Intervention H3 (%) 
-0.06 16.38 -13.75 13.63 0.99 

Pair 7 Control Canine 

movement rate – 

Intervention Canine 

movement rate (mm/4 

months) 

-1.49 0.78 -2.14 -0.84 0.00* 

 (* p<0.05 is significant, positive values indicate control side value is larger than 

intervention side, negative value indicates intervention side value is larger than control 

side)  

 

Table 4.10 Distribution of Bone Volumetric Fraction with 4 Weekly MOP 

Interval across Alveolar Bone 

Side Section Mean (%) Std. Deviation 

Significance 

(analysed by 

ANOVA) 

Intervention V1 44.42 15.47  

 V2 59.13 14.09 0.01* 

 V3 67.38 11.24  

     

 H1 34.44 18.30  

 H2 43.25 18.84 0.01* 

 H3 65.43 18.26  

     

  (* p<0.05 is significant) 
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4.6.2 Micro-osteoperforation at 8 Weekly Interval (Group 2) 

 

At the 8 weekly MOP intervention interval, no significant difference was found 

between intervention and control sites. The mandibular BV/TV was insignificantly lesser 

at the V1, V2, H1 and H2, and insignificantly more at V3 and H3 intervention sections 

(Table 4.12). At the MOP intervention side, canine retraction rate was significantly faster 

by 1.12mm/4 months than at the control side (Table 4.12). 

The vertical and horizontal distribution differences in BV/TV were found to be 

statistically not significant. At the intervention side, it is insignificantly lesser at V2 but 

insignificantly more at V3. Horizontally, the BV/TV of the intervention side increased 

insignificantly towards the posterior (Table 4.13).  

 

Table 4.11 Mean Values of Bone Volumetric Fraction and Canine Movement 

Rates for Control and 8 Weekly MOP Intervention Interval 

Measured Variable Side n Mean 
Standard 

Deviation 

Std. 

Error 

Mean 

Pair 1  BV/TV (%) Control 6 66.67 9.21 3.76 

 Intervention V1 6 59.66 11.69 4.77 

Pair 2  BV/TV (%) Control  6 62.61 15.43 6.30 

 Intervention V2 6 55.10 15.59 6.36 

Pair 3  BV/TV (%) Control  6 60.68 9.92 4.05 

 Intervention V3 6 61.71 13.96 5.70 

Pair 4  BV/TV (%) Control  6 48.86 22.72 9.28 

 Intervention H1 6 40.84 28.61 11.68 

Pair 5  BV/TV (%) Control  6 61.71 11.57 4.72 

 Intervention H2 6 55.51 10.29 4.20 

Pair 6  BV/TV (%) Control  6 70.38 14.29 5.83 

 Intervention H3 6 71.70 19.06 7.78 

Pair 7  Canine 

movement  

Control  
6 1.94 0.92 0.37 

rate (mm/4months) Intervention  6 3.06 1.34 0.55 
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Table 4.12 Paired Sample Test Statistics of Bone Volumetric Fraction and 

Canine Movement Rates for 8 Weekly MOP Intervention Interval as Compared to 

Control Sides 

Measured Variable 

Paired difference 

Significance 

(2-tailed) Mean 
Standard 

Deviation 

95% confidence 

interval of the 

difference 

Lower Upper 

Pair 1 BV/TV Control V1 – 

Intervention V1 (%) 
7.01 9.73 -3.20 17.22 0.14 

Pair 2 BV/TV Control V2 – 

Intervention V2 (%) 
7.51 8.71 -1.63 16.65 0.09 

Pair 3 BV/TV Control V3 – 

Intervention V3 (%) 
-1.03 9.70 -11.22 9.15 0.80 

Pair 4 BV/TV Control H1 – 

Intervention H1 (%) 
8.02 21.55 -14.60 30.64 0.40 

Pair 5 BV/TV Control H2 – 

Intervention H2 (%) 
6.19 12.69 -7.12 19.51 0.29 

Pair 6 BV/TV Control H3 – 

Intervention H3 (%) 
-1.31 6.67 -8.31 5.68 0.65 

Pair 7 Control Canine 

movement rate – 

Intervention Canine 

movement rate 

(mm/4months) 

-1.12 0.60 -1.75 -0.48 0.01* 

 (* p<0.05 is significant, positive values indicate control side value is larger than 

intervention side, negative value indicates intervention side value is larger than control 

side)  

 

Table 4.13 Distribution of Bone Volumetric Fraction with 8 Weekly MOP 

Interval across Alveolar Bone 

Side Section Mean (%) Std. Deviation 

Significance 

(analysed by 

ANOVA) 

Intervention V1 59.66 11.69  

 V2 55.10 15.59 0.70 

 V3 61.71 13.96  

     

 H1 40.84 28.61  

 H2 55.51 10.29 0.06 

 H3 71.70 19.06  

     

  (* p<0.05 is significant) 
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4.6.3 Micro-osteoperforation at 12 Weekly Interval (Group 3) 

When MOP intervention was done at 12 weekly interval, there was a significant 

(p=0.02) reduction of 8% in mandibular BV/TV at the H2 section of the intervention side, 

as compared to control side. The BV/TV was insignificantly lesser at the V1, V2, H1 and 

H3 intervention sections (Table 4.15). At the V3 section, there was an insignificantly 

higher BV/TV at the intervention than at the control site (Table 4.15). Canine movement 

was at a higher rate at the intervention side by about 1.14mm/4 months, as compared to 

the control side (Table 4.15). 

Within the 12 weekly MOP interval group, the vertical and horizontal distribution 

differences in BV/TV were found to be statistically not significant (Table 4.16). 

Vertically, the BV/TV increased insignificantly towards the apical at the intervention side 

(Table 4.16). Horizontally, the BV/TV increased insignificantly towards the posterior 

(Table 4.16). 

 

Table 4.14 Mean Values of Bone Volumetric Fraction and Canine Movement 

Rates for Control and 12 Weekly MOP Intervention Interval 

Measured Variable Side n Mean 
Standard 

Deviation 

Std. 

Error 

Mean 

Pair 1  BV/TV (%) Control 10 66.22 7.00 2.21 

 Intervention V1 10 58.70 12.77 4.04 

Pair 2  BV/TV (%) Control  10 62.16 12.42 3.93 

 Intervention V2 10 58.94 12.93 4.09 

Pair 3  BV/TV (%) Control  10 60.45 13.95 4.41 

 Intervention V3 10 64.04 9.08 2.87 

Pair 4  BV/TV (%) Control  10 58.31 23.60 7.46 

 Intervention H1 10 48.12 35.25 11.15 

Pair 5  BV/TV (%) Control  10 64.27 8.17 2.58 

 Intervention H2 10 56.00 12.86 4.07 

Pair 6  BV/TV (%) Control  10 67.57 13.29 4.20 

 Intervention H3 10 66.54 12.76 4.04 

Pair 7  Canine 

movement  

Control  
10 3.03 1.50 0.47 

rate (mm/4months) Intervention  10 4.17 1.31 0.42 
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Table 4.15 Paired Sample Test Statistics of Bone Volumetric Fraction and 

Canine Movement Rates for 12 weekly MOP Intervention Interval as Compared to 

Control Sides 

Measured Variable 

Paired difference 

Significance 

(2-tailed) Mean 
Std. 

Deviation 

95% confidence 

interval of the 

difference 

Lower Upper 

Pair 1 BV/TV Control V1 

– Intervention V1 (%) 
7.51 12.12 -1.16 16.19 0.08 

Pair 2 BV/TV Control V2 

– Intervention V2 (%) 
3.22 11.67 -5.13 11.56 0.41 

Pair 3 BV/TV Control V3 

– Intervention V3 (%) 
-3.59 8.92 -9.97 2.79 0.24 

Pair 4 BV/TV Control H1 

– Intervention H1 (%) 
10.20 28.21 -9.99 30.38 0.28 

Pair 5 BV/TV Control H2 

– Intervention H2 (%) 
8.28 9.29 1.63 14.92 0.02* 

Pair 6 BV/TV Control H3 

– Intervention H3 (%) 
1.03 11.66 -7.31 9.37 0.79 

Pair 7 Control Canine 

movement rate – 

Intervention Canine 

movement rate 

(mm/4months) 

-1.14 0.93 -1.81 -0.48 0.00* 

 (* p<0.05 is significant, positive values indicate control side value is larger than 

intervention side, negative value indicates intervention side value is larger than control 

side)  

 

Table 4.16 Distribution of Bone Volumetric Fraction with 12 Weekly MOP 

Interval across Alveolar Bone 

Side Section Mean (%) Std. Deviation 

Significance 

(analysed by 

ANOVA) 

Intervention V1 58.70 12.77  

 V2 58.94 12.93 0.53 

 V3 64.04 9.08  

     

 H1 48.12 35.25  

 H2 56.00 12.86 0.21 

 H3 66.54 12.76  

     

  (* p<0.05 is significant) 
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4.6.4 Comparison between intervention intervals 

Data analysis on the frequency of intervention intervals showed that only the mean 

BV/TV differences at V1 and H2 sections of 4 weekly, and section H2 of 12 weekly 

intervals were statistically significant (Table 4.17).  

Table 4.17 Paired Sample Test Statistics of BV/TV and Canine Movement Rates 

for the Intervention as Compared to Control Sites, according to MOP Intervals 

Measured 

Variable  

Paired difference for different intervention intervals as compared to 

control sites 

4 weekly MOP 

Interval 

8 weekly MOP 

Interval 

12 weekly MOP 

Interval 

Mean SD Sig Mean SD Sig Mean SD Sig 

BV/TV – 

V1 (%) 

 

14.73* 12.88 0.01 7.01 9.73 0.14 7.51 12.12 0.08 

BV/TV – 

V2 (%) 

 

5.95 18.22 0.39 7.51 8.71 0.08 3.22 11.67 0.41 

BV/TV – 

V3 (%) 

 

0.50 13.41 0.92 -1.03 9.70 0.81 -3.59 8.92 0.24 

BV/TV – 

H1 (%) 

 

3.82 26.99 0.70 8.02 21.55 0.40 10.20 28.21 0.28 

BV/TV – 

H2 (%) 

 

15.08* 17.86 0.04 6.19 12.69 0.29 8.28* 9.29 0.02 

BV/TV – 

H3 (%) 

 

-0.06 16.38 0.99 -1.31 6.67 0.65 1.03 11.66 0.79 

Canine 

movement 

rate (mm/4 

months) 

-1.49* 0.78 0.00 -1.12* 0.60 0.01 -1.14* 0.93 0.00 

(* p value is significant at <0.05, positive values indicate control side value is larger 

than intervention side, negative value indicates intervention side value is larger than 

control side)  

 

The differences in the horizontal and vertical BV/TV distribution were only significant 

for the four weekly frequency interval (Table 4.18). The horizontal distribution of BV/TV 

increased significantly towards the posterior at both control and intervention sides, whilst 
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the BV/TV increased significantly towards the apical of the intervention side, with 

statistical significance found between vertical sections. 

Table 4.18 Vertical and Horizontal Distribution of BV/TV across Alveolar Bone 

According to Different MOP Intervals 

  4 weekly MOP Interval 8 weekly MOP Interval 12 weekly MOP 

Interval 

Intervention Mean 

(%) 
SD 

P 

value 

Mean 

(%) 
SD 

P 

value 

Mean 

(%) 
SD 

P 

value 

 V1 44.42 15.47  59.66 11.69  58.70 12.77  

 V2 59.13 14.09 0.01* 55.10 15.59 0.70 58.94 12.93 0.53 

 V3 67.38 11.24  61.71 13.96  64.04 9.08  

           

 H1 34.44 18.30  40.84 28.61  48.12 35.25  

 H2 43.25 18.84 0.01* 55.51 10.29 0.06 56.00 12.86 0.21 

 H3 65.43 18.26  71.70 19.06  66.54 12.76  

           

(* p value for F test between means is significant at <0.05, analysed by ANOVA) 

 

An ANOVA post hoc Tukey test was done for all 4 (Table 4.19), 8 (Table 4.20) and 

12 (Table 4.21) weekly intervals to compare differences between each sections within 

each intervention side. The differences between sections were not statistically significant 

for all 8 and 12 weekly MOP intervals. BV/TV was only significantly different for the 4 

weekly MOP interval, i.e. for horizontal and vertical sections of intervention side. 

Only the differences between mean BV/TV of 4 weekly intervals and total sample 

population was statistically significant. However for canine retraction rate, the difference 

between mean of canine movement rate was statistically significant at all the intervention 

intervals. 
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Table 4.19 ANOVA with Post Hoc Tukey Test for Multiple Comparisons at 4 

Weekly MOP Interval 
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Table 4.20 ANOVA with Post Hoc Tukey Test for Multiple Comparisons at 8 

Weekly MOP Interval 
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Table 4.21 ANOVA with Post Hoc Tukey Test for Multiple Comparisons at 12 

Weekly MOP Interval 

 

 

4.7 Correlation of the vertical and horizontal distribution of mandibular 

trabeculae pattern to the rate of canine tooth movement  

 

As discussed above, only the differences between mean BV/TV of 4 weekly intervals 

and total sample population were statistically significant (p=0.01, p=0.00). However for 

canine retraction rate, the difference between mean of canine movement rate was 

statistically significant for all intervention intervals (Table 4.22). 
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Table 4.22 Mean Difference in Bone Volumetric Fraction at Section V1 and 

Rate of Canine Movement for Different Intervention Intervals 

 Difference in mean BV/TV 

at V1 (%) 

Difference in mean rate of 

canine movement (mm/4 

months) 

 Mean Std. 

Deviation 

Mean Std. Deviation 

4 weekly MOP interval 

 

14.73* 12.88 -1.49* 0.78 

8 weekly MOP interval 

 

7.01 9.73 -1.12* 0.68 

12 weekly MOP 

interval 

 

7.51 12.12 -1.14* 0.93 

Combined all intervals 

 

9.79* 11.89 -1.25* 0.79 

  (* p<0.05), positive values indicate control side value is larger than intervention side, 

negative value indicates intervention side value is larger than control side)  

 

There was a negative value of Pearson correlation between the BV/TV of intervention 

site V1 and the rate of canine movement (Table 4.23). This meant that there is a 

statistically significant inverse linear relationship between BV/TV and rate of canine 

tooth movement at the intervention side. This indicated that as the BV/TV decreased due 

to MOP intervention, the rate of canine tooth movement increased. The strength of this 

association is moderate (0.4 < │ r │ < 0.5). 

 

Table 4.23 Correlation between Bone Volumetric Fraction and Rate of Canine 

Movement 

 Pearson Correlation (r) 2-tailed significance 

(*p<0.05) 

Correlation of BV/TV 

Intervention V1 with Rate 

of Canine movement 

-0.425 0.039* 
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CHAPTER 5: DISCUSSION 

5.1 Demographic Data 

5.1.1 Dropouts 

Dropouts are defined as “the situation in which all outcome data are missing after a 

certain point” (Bell, Kenward, Fairclough, & Horton, 2013). These dropouts are 

frequently encountered during clinical trials and can present as a potential source of bias 

(Bell et al., 2013). According to Dr Rubin, there is a taxonomy of missingness which 

influences the selection of analyses to manage dropouts in a trial (Rubin, 1976). The data 

of patients who withdraw from a study for reasons unrelated to their disease or treatment 

are labelled “missing completely at random” because their absence from the trial are not 

related to the observed covariates which means that there are no systematic differences 

between dropouts and completers (Bell et al., 2013). Thus the mixed model based 

analyses can yield unbiased estimates of treatment effects. By using difference of mean 

based analyses, the mixed model analyses can on average, estimate unbiased treatment 

effect even if the dropout differs between treatment groups as the data from completers 

can be used to implicitly impute the missing values (Bell et al., 2013).  

This study started with a sample size of 30 subjects at the clinical stage, which 

dwindled down to only 24 subjects in the radiographic stage, with a total dropout of 6 

“missing completely at random” subjects due to a combination of pregnancy (n=3), 

technical error (n=2) and patient declination to CBCT imaging (n=1). Therefore in order 

to reduce bias, the data analyses was based around differences in mean of the control as 

compared to the intervention sides. Thus our split mouth study design was favourable 

where paired t–test analyses was the recommended analyses used (Pandis, 2015; Pandis, 

Walsh, Polychronopoulou, Katsaros, & Eliades, 2013). Although the overall total of 24 

samples were within the required sample size of 24 subjects from the sample size 

calculation, the final number of subjects for the 8 weekly MOP interval group (n=6) fell 
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short of the minimum requirement of 8 subjects. Thus this study may be insufficiently 

powered to detect the treatment effects at 80% power for the 8 weekly MOP interval 

group. A previous study on the sample size of randomised clinical trials in orthodontic 

specialised journals suggested that a median of 46 subjects were required to show 

treatment effects at 80% power (Koletsi, Pandis, & Fleming, 2014). This limitation of our 

study is partly due to the fact that this trial was done in a university postgraduate clinic 

where time to conduct a clinical trial was very limited. Recommendations to improve 

future trials will be discussed in the limitations chapter. 

 

5.1.2 Influence of Age on Bone Volumetric Patterns and Rate of Tooth Movement 

There exists a relationship between age and bone volumetric fractions (BV/TV) 

despite the large variances in bone turnover rates (Khosla & Riggs, 2005; Raisz, 1999; 

Raisz & Seeman, 2001). Bone mass start to increase from birth and peaks around ages 

15-20 years, after which a reduction in bone turnover rate leads to gradually reduced bone 

mass (Raisz & Seeman, 2001). Some of the age related bone loss changes include thinning 

of trabeculae and loss of trabecular connectivity (Rosen, Donahue, & Hunter, 1994) 

which reduces the bone volumetric fractions. Orthodontic tooth movement is also 

influenced by age, as there is greater tooth movement velocity in younger (<16 years old) 

than in older patients (>16 years old) (Dudic, Giannopoulou, & Kiliaridis, 2013). In 

addition, an animal study reported that surgical intervention to accelerate orthodontic 

tooth movement in growing rats are not as robust compared to adult rats (Librizzi et al., 

2017). Hence, it is imperative that age be standardised to rule out any confounding factors, 

therefore one of our inclusion criteria was adult participants aged between eighteen and 

forty five years old. This resulted in the mean age of the study participants to be 

approximately twenty two to twenty four years of age. The age range was also well 
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distributed among the groups where the mean ages between the 3 intervention groups 

were almost similar. 

 

5.1.3 Gender Distribution 

Our study population had an unequal gender distribution, with 6 male and 18 female 

participants, reflecting the general orthodontic pattern as females were reported to be 

more likely to seek orthodontic treatment than males (Whitesides, Pajewski, Bradley, 

Iacopino, & Okunseri, 2008). This matches the population trend in the institute where this 

study was carried out, as it was reported that a higher number of females (61%) actively 

sought orthodontic treatment than males (39%). However, the gender inequality was 

unlikely to be a confounding factor as it has reported that gender did not have a significant 

influence on the rate of orthodontic tooth movement (Dudic et al., 2013). Additionally, 

there was no statistically significant association between gender and MOP interval 

grouping for our study which further excludes gender as a confounding factor. 

 

5.2 Split Mouth Study Design 

A split mouth design is useful when conducting a 2 arm parallel randomised clinical 

trial (RCT) as 2 interventions (either control or intervention) are assessed within the same 

sample. As both the control and intervention are done on the same sample, this eliminates 

inter-subject variability related to differences between subjects and provides better 

comparison between control and intervention (Hujoel & DeRouen, 1992; Ramfjord, 

Nissle, Shick, & Cooper, 1968).  

The limitations of split mouth study designs have been reported by a series of papers 

by Hujoel’s group and Lesaffre’s group ((Hujoel & DeRouen, 1992; Hujoel & Loesche, 
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1990; Hujoel & Moulton, 1988; Lesaffre, Garcia Zattera, Redmond, Huber, & 

Needleman, 2007; Lesaffre, Philstrom, Needleman, & Worthington, 2009). One of the 

issues raised was the carry-across effects or “contamination” in which an intervention 

effect is thought to generally affect the whole body or all sides of the mouth 

indiscriminately, for example a fluoride mouth wash that will affect all quadrants and 

prevents segregation of the intervention and control quadrants (Lesaffre et al., 2009). 

Another disadvantage was thought to be the period effect where interventions are not 

done simultaneously and this will then affect the results or perception of the intervention, 

like assessing pain perception of 2 different methods of administrating anaesthesia 

(Lesaffre et al., 2009). However these concerns which may affect other dental research 

do not apply to our study as we are measuring the BV/TV and rate of individual canine 

retraction in different mandibular quadrants of the same patient and using paired T-test 

statistical analysis which will instead result in decreased variance and higher powered 

study as compared to a study done with inter-patient subjects (Pandis et al., 2013). The 

issue of carry-across effect of the MOP is also not like likely to a problem as our results 

show that the reduction of bone volumetric fraction was limited to the surrounding area 

around the MOP site, hardly extending pass 14.8mm apically, which would not have 

crossed over to the opposite mandibular quadrant. In a similar way, the study by Teixeira 

(Teixeira et al., 2010) had demonstrated that the effect of MOP was limited to the 

intervention mandibular half and did not cross over to the contralateral side. 

 

5.3 Measurement Method  

As noted in the literature review, orthodontic tooth movement occurs due to bone 

remodelling which is a coupled process of activation, resorption, reversal and formation 

cycles (Hadjidakis Dimitrios & Androulakis Ioannis, 2007). These coupled remodelling 
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cycles have an inverse relationship to bone volumetric fraction; the higher the turnover 

rate of alveolar bone, the lower the BV/TV, and the faster the orthodontic tooth movement 

(Verna et al., 2000; Verna et al., 1999). An animal study had also demonstrated this 

relationship where it was reported that MOP cause a reduction in the BV/TV and 

subsequently faster orthodontic tooth movement (Tsai et al., 2016). In that study, micro-

CT was used to measure the bone volume over trabeculae volume or bone volumetric 

fraction (Tsai et al., 2016). Micro CT can provide images with spatial resolution of 15–

20 µm3 (in contrast our CBCT resolution is 76 µm x 76 µm x 76 µm voxel size), allowing 

for highly accurate visualisation of trabecular thickness and bone structure (Genant et al., 

2000). In order to achieve the very detailed high resolution images, a very high radiation 

dose is needed, the average dose of micro-CT imaging can be as high as 120 mGy 

(Cavanaugh et al., 2004). In contrast, the effective dose of an intraoral periapical is about 

0.0003mSv (Isaacson & Thom, 2015) while a CBCT with large field of view would be 

approximately 0.212 mSv (Ludlow et al., 2015). Discounting tissue weighting factors, 1 

Gy in dental radiology is equivalent to 1 Sv (Okano & Sur, 2010), which renders the 120 

mGy radiation dose of a micro-CT, too high to be used safely for in-vivo studies.  

Yip and colleagues suggested that micro CT should be the gold standard in assessing 

bone trabeculae patterns (Yip et al., 2004). However, the relative merits of high resolution 

imaging properties should also be considered against its invasiveness; an in-vivo imaging 

method should prioritise non-invasiveness instead of imaging resolution (Genant et al., 

2000). The images taken with CBCT are of lower resolution than micro-CT (76 µm3 vs 

15–20 µm3) which results in overestimation of small trabeculae and accentuated partial 

volume effects (Ibrahim et al., 2014), coupled with artefacts from scanning technology 

(Schulze et al., 2011), effectively consigns CBCT images as poor quality 3D images. 

However, despite its shortcomings, there was a strong correlation between the trabeculae 

bone microstructure measurements made by CBCT and micro-CT images with only small 
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discrepancies between them which suggests that CBCT is an acceptable diagnostic tool 

to assess bone volumetric fraction and trabeculae bone microstructure (Ibrahim et al., 

2014). Therefore, CBCT was used in this study to assess the differences of the bone 

volumetric fraction of the samples, similar to a study by Chang et al where they used 

CBCT to evaluate bone trabeculae pattern changes around orthodontically moved teeth 

(Chang et al., 2012). 

 

5.4 Influence of Micro-osteoperforation on Mandibular Trabeculae Pattern 

In our study, the premolar extractions were done once anchorage reinforcement of the 

molar teeth with temporary anchorage devices were secured. A bumper sleeve was then 

used to maintain the extraction space while levelling and alignment of the occlusion and 

subsequent archwire changes were done to enable passive insertion of the working 

archwire into the bracket slots, only then was canine retraction done and data collected. 

The period from the start of extractions to initiation of canine retraction is of significant 

importance as this resting period allows the bone of the extraction socket to heal and settle 

down. Tooth extraction is a noxious stimuli which causes regional acceleratory 

phenomenon (RAP) (Verna, 2016), and the resting period “washes out” the RAP effect 

from tooth extraction and reduces overlapping with MOP induced RAP which can 

interfere with the study findings. 

The usage of split mouth technique allowed the investigation of MOP on the bone 

volumetric fraction of mandibular alveolar bone without the confounding factors of intra-

subject variables. In our study, MOP significantly reduced the mean BV/TV at section 

V1 (54.18%, SD 14.70) by 9.76% compared to the control site (63.97%, SD 7.64), which 

concurrently increased the rate of orthodontic tooth movement (Intervention 4.03mm, SD 

1.53; control 2.77mm, SD1.33) by 1.25mm during the trial period. This result is in 
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agreement with 3 animal studies where MOP also significantly reduced the BV/TV while 

increasing the rate of tooth movement (Cheung et al., 2016; Teixeira et al., 2010; Tsai et 

al., 2016). Another animal study also reported no difference in the BV/TV subsequent to 

corticortomy or corticision in rats, which contradicted our study (Librizzi et al., 2017). 

The explanation by Librizzi et al for the contrast in results were that Librizzi’s study used 

growing rats which had less robust effects from corticotomy while the other studies used 

mature adult rats. (Librizzi et al., 2017). In those animal studies the BV/TV decreased by 

13.46% from 59.48% to 46.02% in the Tsai study, by 5.33% from 81.39% to 76.06% in 

the Cheung study and by 49% from 82% to 33% in the Teixeira study. The difference in 

results between those 3 studies and our study could be due to the difference in bone 

metabolism of animal and humans (Perel et al., 2007). The BV/TV in the animal studies 

were analysed via the higher resolution micro-CT while our study used CBCT to analyse 

the BV/TV in human subjects. The lower resolution of CBCT images could result in some 

minor discrepancies in the calculation of the BV/TV value. Besides that, the accuracy of 

trabecular bone microstructure measurement with both micro-CT and CBCT are highly 

dependent on the threshold selection (Parkinson, Badiei, & Fazzalari, 2008), which 

explains the wide variation in BV/TV values. However as our study was based on the 

split mouth technique and the threshold value was fixed to be constant for each individual 

sample (control and intervention side have the same threshold value, each subject had 

different threshold value), this has allowed the comparison of BV/TV to be more accurate 

without the influence of other confounding inter-subject variances.  

The vertical area of alveolar bone in between the mandibular canine and the 

mandibular second premolar was divided into 3 vertical sections of 14.8mm each. 

14.8mm height was determined to accommodate 3 MOP of 1.6mm diameter each and 

interdental bone between the MOP site and upper and lower border of each section. 

Similarly, there was also 3 horizontal sections which coincided with the interdental space 
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between the roots of the mandibular second incisor, canine, second premolar and first 

molar. The different sections plotted were used to investigate the BV/TV values 

horizontally and vertically at both control and intervention sides. Our results show that 

BV/TV reduced towards the occlusal and increased towards the distal, which is in contrast 

to the trend reported by 2 other micro-CT studies on human cadavers (Fanuscu & Chang, 

2004; Kim et al., 2013). This discrepancy could be due to our sample population 

undergoing active orthodontic treatment as BV/TV of alveolar bone was reported to 

decrease during active orthodontic treatment (da Silva Campos et al., 2012; Yu et al., 

2016). The larger decrease in BV/TV in the anterior mandible could be because the 

anterior mandible consist of teeth which were actively being moved as compared to the 

posterior mandible which contained the molar teeth being indirectly anchored to the 

miniscrew. Our study also showed that the difference in BV/TV between the horizontal 

sections were statistically significant for both control and intervention sides. The 

intervention side had significant lower value at the H2 section but insignificantly lower 

BV/TV in all other sections as compared to the control side. We hypothesise that the 

BV/TV reduction effect of MOP has a limited effective range and is not able to affect the 

whole horizontal section of the mandibular alveolar bone of the respective quadrant. For 

the BV/TV in the vertical direction, the results of our study  which found that MOP 

induced BV/TV to increase with depth in the corono-apical direction, contradicted with 

Fanuscu’s study, where it was reported that the BV/TV decreased with depth in the 

corono-apical direction (Fanuscu & Chang, 2004). This pattern of reduction in BV/TV 

during active orthodontic treatment for the vertical dimension is similar to that in the 

horizontal dimension, as most orthodontic movements are done near the crestal bone as 

opposed to near the lower border of the mandible. With the intervention of MOP, the 

difference in the BV/TV of the vertical sections were statistically significant as opposed 

to not statistically significant at the control side. The effect of BV/TV reduction by MOP 
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from V1 into V2 was insufficient to significantly reduce the BV/TV at section V2. This 

reduction of BV/TV could perhaps be related to faster treatment for alignment of palatally 

impacted canines as reported by Fischer (Fischer, 2007). 

MOP had been reported to significantly reduce the BV/TV of alveolar bone (M. 

Alikhani et al., 2013; Baloul et al., 2011; Teixeira et al., 2010; Tsai et al., 2016; Verna, 

2016). However it was not mentioned as to the extent of bone affected by MOP, hence 

the attempt to investigate this aspect in our study. The effect of BV/TV reduction by MOP 

is only significant at the 14.8mm vertical section immediately below the cervical enamel 

junction of the mandibular canine and the horizontal interdental section between 

mandibular canine and second premolar of alveolar bone where the MOP was performed. 

Although some slight decrease in BV/TV was noted at the regions adjacent to the MOP 

area, they were not statistically significant. This finding was similar to the effect reported 

in an animal study (Verna et al., 1999) where it was reported that the regional acceleratory 

phenomenon (RAP) instigated by noxious stimuli from orthodontic treatment caused a 

statistically significant decrease in the bone fraction values around the second molar area 

which was not actively under orthodontic force. Another animal study by Teixeira found 

that the BV/TV reduction effect of MOP was limited to the intervention mandibular half 

and did not cross over to the contralateral side (Teixeira et al., 2010). Although MOP can 

significantly reduce the BV/TV of alveolar bone and consequently increase orthodontic 

tooth movement, its effect is localized to a small area around the MOP and not widely 

diffused. This means that in order to increase the rate of orthodontic tooth movement of 

multiple teeth, MOPs at shorter distances have to be done. The use of MOP can also be 

specifically targeted to increase the rate of orthodontic tooth movement of certain teeth 

while not affecting the other teeth such as the anchor teeth. 
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5.5 Influence of Micro-osteoperforation on Rate of Orthodontic Tooth 

Movement 

The rate of orthodontic tooth movement is approximately 1mm per month (Nanda & 

Kapila, 2010). A wide range of factors such as biomechanical considerations, genetic 

factors, systemic conditions and age have been reported to influence the rate of 

orthodontic tooth movement (Dudic et al., 2013; Krishnan & Davidovitch, 2009; Ren et 

al., 2003). The rate of orthodontic tooth movement can even vary within the same subjects 

with the same constant orthodontic force applied (Pilon et al., 1996; van Leeuwen, 

Maltha, & Kuijpers-Jagtman, 1999). This implies that the rate of orthodontic tooth 

movement is highly subjective and is very much individually determined. MOP was 

reported to significantly accelerated orthodontic tooth movement by 2.3 times (M. 

Alikhani et al., 2013), whereas our study only had a 1.45 fold increase of orthodontic 

tooth movement. The Alikhani’s study population consist of 2 separate control and 

intervention groups which could have some confounding individual variances. Besides 

that, they used Nickel-titanium (NiTi) closing coil springs reported to produce a more 

consistent and faster rate of space closure than the elastomeric modules as used in our 

study (Samuels, Rudge, & Mair, 1998), due to its constant light continuous force (Miura, 

Mogi, Ohura, & Karibe, 1988), while elastomeric chains are subjected to force decay 

which reduces the force delivered over time (Halimi, Benyahia, Doukkali, Azeroual, & 

Zaoui, 2012).  

As of October 2018, only 2 systematic reviews (Alfawal, Hajeer, Ajaj, Hamadah, & 

Brad, 2016; Yi, Xiao, Li, Li, & Zhao, 2017) and one Cochrane review (Fleming et al., 

2015) have reviewed the available literature on minimally invasive surgical procedures 

to accelerate orthodontic treatment. Generally, orthodontic tooth movement was 

significantly faster with surgical intervention with the pooled results reporting 0.61mm 

(Fleming et al., 2015) and 0.65mm (Alfawal et al., 2016) more tooth movement in the 
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first month. The majority of the studies were related to piezocision as the procedure to 

accelerate orthodontic tooth movement. Only one study (M. Alikhani et al., 2013) in those 

3 systematic reviews involved micro-osteoperforations. Our study reported an increased 

rate of orthodontic tooth movement of 1.25mm over 3 months which averages out to 

0.4mm for 1 month. As orthodontic tooth movement rate is highly variable and is affected 

by a multitude of external and internal factors, this can be related to the slight discrepancy 

in the rates of tooth movement to our study. 

 

5.6 Influence of Micro-osteoperforation Intervals on Mandibular Trabeculae 

Pattern Related to the Rate of Orthodontic Tooth Movement 

Our study is the first randomised clinical trial to investigate the effectiveness of MOP 

with regards to its effective range and the effective MOP interval. Both are important 

considerations in the clinical application of MOP to accelerate orthodontic tooth 

movement. When our data was analysed based on the MOP intervals of 4, 8 and 12 weeks, 

the BV/TV trend at 4 weekly interval was similar to our result as a whole. The BV/TV at 

V1 and H2 showed statistically significant reduction by almost 15% while the rest of the 

sites showed a statistically insignificant reduction. The horizontal and vertical BV/TV 

trends were also similar where it decreased as it extended coronally and mesially. 

However this was not the case for both the 8 and 12 weekly MOP intervals where the 

mean BV/TV difference between all control and intervention sites were not statistically 

significant except for the reduction in BV/TV of intervention side H2 at the 12 weekly 

MOP interval. RAP occurs a few hours after noxious stimulation with the initiation of the 

inflammatory process, then it achieves peak effect at 1-2 months and lasts for about 4 

months in bone (Schilling et al., 1998; Wilcko et al., 2001). It was recommended that 

orthodontic movements should be commenced not later than 2 weeks after the accelerated 
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orthodontic intervention as to fully utilise the RAP effect which will last about 4-6 months 

(Amit et al., 2012; K. G. Murphy, Wilcko, Wilcko, & Ferguson, 2009). The peak effect 

of RAP was seen in the subjects who had MOP interventions at 4 weekly interval which 

coincided with significant reduction in BV/TV. The reduction in BV/TV was less 

pronounced with the 8 and 12 weekly intervals probably due to RAP effect not being at 

peak values.  

Despite only the 4 weekly MOP interval showing a statistically significant difference 

in the BV/TV between control and intervention side of V1 (where the active orthodontic 

canine movement was occurring), all 3 MOP intervals showed statistically significant 

difference for the canine retraction rate with the intervention side having increased tooth 

movement by almost 0.3mm per month. The 4 weekly MOP intervention posted the 

highest mean difference with the intervention side quicker by 1.49mm over the trial 

duration of 4 weeks. As the RAP induced by MOP is thought to decrease BV/TV and 

increase alveolar bone turnover, which in turn accelerates orthodontic tooth movement 

(Goldie & King, 1984; Schilling et al., 1998), this could imply that the peak effect of RAP 

is needed to cause a significant reduction of BV/TV, however significantly increased rates 

of orthodontic tooth movement can be achieved as long as the RAP effect is present, even 

at non-peak levels. Interestingly, our study also showed a moderate negative Pearson 

correlation between the BV/TV of V1 and the rate of canine movement, which indicates 

that the lower the BV/TV, the faster the orthodontic tooth movement. This is in agreement 

with an animal study by Goldie and King where they reported increased orthodontic tooth 

movement in rats with osteoporosis (Goldie & King, 1984). 
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5.7 Limitations and Recommendations 

It is also important to consider that bone remodelling for orthodontic tooth movement 

is a coupled cyclic process that involves a multitude of chemical and biological processes 

that can be influenced by a variety of mediators (Hadjidakis Dimitrios & Androulakis 

Ioannis, 2007; H. Huang et al., 2014; Krishnan & Davidovitch, 2006, 2009; Melsen, 1999, 

2001; Verna, 2016; Verna et al., 1999; Wilcko et al., 2001). Hence, it is safe to assume 

that the mandibular trabeculae pattern exists in waves of fluctuating BV/TV values. For 

ethical reasons, the CBCT was taken only at 1 time point, and this unfortunately only 

provides a cross-sectional view of the BV/TV at that time point and cannot represent a 

complete picture of a continuous process. This limitation is reflected in our study results 

where the BV/TV showed significant difference for the 4 weekly MOP interval but not 

significant  for the 8 and 12 weekly MOP intervals despite all 3 interval periods showing 

significantly faster canine retraction rates.  

The resolution for our CBCT images were 76 µm3 compared to the resolution of 15–

20 µm3 for micro-CT images which is a huge difference in image resolution quality. 

Despite studies that show strong correlations between the trabeculae bone microstructure 

measurements made by CBCT and micro-CT image (Ibrahim et al., 2014), it cannot be 

denied that higher resolution images provide better quality images for analysis purposes. 

The drawbacks of a smaller CBCT voxel size is the reduced contrast-to-noise ratio (CNR) 

(Bechara et al., 2012). CNR is a quantitative image quality parameter which influences 

the quality of a radiographic or CBCT image (Taylor, 2016). Radiographic images with 

higher CNR will provide better visualisation of the fine trabeculae microstructures and 

more accurate BV/TV measurements.  This shortcoming is reflected in our study where 

our results show insignificant differences in the BV/TV of the 8 and 12 week MOP 

interval groups despite significantly faster canine retraction rates for both groups. Our 

results even showed a moderately significant correlation between BV/TV and rate of 
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canine retraction. In addition, the dropouts which reduced the sample size of the 8 week 

MOP group to below the targeted sample size may have also been underpowered to detect 

the difference. Therefore it is our recommendation that in future studies, the sample size 

be increased or imaging technologies with better resolution but reduced radiation be used 

in order to compensate for the lack of sensitivity of CBCT images in BV/TV detection. 

Our study showed that 4 weekly MOP intervals induced a significant localised 

reduction in BV/TV around the MOP site as compared to the other intervention intervals, 

and had significant acceleration of tooth movement. 8 and 12 weekly MOP intervals had 

significant increase in orthodontic tooth movement but insignificant reduction in BV/TV. 

Before further evidence can be elicited from bigger sampled studies, we therefore 

recommend that 4 weekly MOP intervention be performed in certain clinical situations 

which may benefit from a reduction in BV/TV such as traction of unerupted teeth or 

protracting posterior teeth. 
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CHAPTER 6: CONCLUSION 

This study investigated the effects of micro-osteoperforation (MOP) on the horizontal 

and vertical distribution of mandibular trabeculae pattern in relation to different MOP 

intervals and on canine retraction. Based on the findings and limitations of the study, we 

conclude that:- 

i. There is significant reduction of the mandibular trabecular alveolar bone 

volume fraction at the MOP as compared to the control sides, the reduction 

limited to the immediate interdental area of the intervention site.  

ii. MOP reduction of mandibular trabecular alveolar bone volume fraction at 

the immediate interdental area of the intervention site is significant only for 

the 4 weekly MOP interval, even though the rate of canine movement was 

significantly increased for all intervention intervals. 

iii. The mandibular trabecular alveolar bone volume fraction significantly 

decreased with MOP intervention as the rate of canine tooth movement 

significantly increased, the inverse linear association is of moderate 

strength. 

iv. The effective range of BV/TV reduction has not been proven to extend 

beyond the interdental region where the MOP was performed. 
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