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4. SUMMARY 
 

The main aims of this study were to evaluate the effect of both a flap and corticotomy 

procedure on orthodontic tooth movement in rats and to compare the bone changes against a 

control group. Furthermore, the study aimed to introduce a new design for an appliance, 

which would allow buccal tooth movement in a rat model.  

 Male Sprague-Dawley rats (n=36) aged 6-8 weeks were obtained from Laboratory 

Animal Services (Adelaide University) with ethics approval from The University of Adelaide 

Animal Ethics Committee (Project number: M-2009-172). There were 3 control groups, each 

with 6 rats: nil intervention; flap surgery; corticotomy procedure. These formed the baseline 

comparison to the experimental groups: tooth movement only; flap surgery and tooth 

movement; and corticotomy with tooth movement; 4 rats were excluded due to anaesthetic 

death or appliance failure but were replaced with ethics approval from The University of 

Adelaide Animal Ethics Committee (Project number: M-2009-172B) such that 6 rats 

remained in each group. 

 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

Appliance No No No Yes Yes Yes 

Surgery No Flap Corticotomy No Flap  Corticotomy 

 

 The timeline for the experiment was 7 days with a Calcein bone label injection at 3 

days prior to appliance insertion, an Alizarin Red bone label injection at 5 days after 

appliance insertion, and sacrifice at 7 days after appliance insertion. Throughout the 

experimental period, Buprenorphine (0.05mg/kg. Tradename: Temgesic and comes as 324�g 

Buprenorphine Hydrochloride which was then diluted) I.P. was given twice daily for pain 

relief, in all tooth movement groups. Sacrifice was with Lethabarb Euthanasia Injection 

(60mg/mL with 1mL/Kg of a barbiturate derivative made by Virbac (Australia)). Following 

this period, the rat maxillae was dissected out and prepared for resin embedding and micro-

CT scanning. Micro-CT scanning was performed in a Skyscan 1174 at the Institute of 

Medical and Veterinary Science (IMVS) with hydroxyapatite standards (250 mg HA/cm³ and 

750 mg HA/cm³) to allow for quantitative analysis and comparison between the samples 

produced. Software for reconstruction was NRecon (v1.4.4, Skyscan, Kontich, Belgium) and 

for measuring gray levels was CT Analyser (v1.8.05, Skyscan, Kontich, Belgium).  
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 Resin embedding (Appendix 1) allows for histological analysis and observation of the 

bone labels and calculation of the bone mineralisation rates. 

 Impressions using Honigum heavy body (DMG-dental, Gunz Dental, Australia) were 

taken at appliance insert  and again at sacrifice. Honigum is an A-silicone and was used in the 

automix-cartridge form. These impressions and the dissected rat maxillae were photographed 

using an Olympus stereomicroscope (SZX2-ILLT, Tokyo, Japan) and captured  with Analysis 

Software (v 5.1 (Build 1276), Olympus Soft Imaging Solutions, GMBH) and measurements 

from the resultant pictures were performed, using image J (1.43u, National Institute of Health, 

USA). 

 For those rats which required insertion of an appliance, an additional impression was 

taken at the time of calcein bone label injection so that an individual appliance could be 

fabricated for each rat. This appliance was inserted 3 days later under deep anaesthesia using 

Hypnorm/Hypnovel/Water in a 1:1:2 mix. Hypnorm (0.315mg/mL Fentanyl with 10mg/mL 

Fluanisone) and Hypnovel (5mg/mL Midazolam) are mixed separately with sterile water in a 

1:1 ratio. Once mixed, the resulting solutions are mixed together, on a 1:1 basis. All rats were 

monitored closely until recovery.  

 Following the 7 day experiment and matching each experimental group with its 

correlated control group; Group 4 (appliance, nil surgery) rats displayed 0.08mm greater 

movement than Group 1 rats, Group 5 (appliance, flap surgery) rats 0.29mm greater 

movement than Group 2 rats, Group 6 (appliance, corticotomy) rats 0.38mm greater 

movement than Group 3. Overall, Group 6 was statistically significant compared to all control 

rat groups (1, 2 and 3), whilst Group 5 was statistically significant only to Group 2 rats and 

Group 4 rats were not statistically significant to any other group. However, Group 6 tooth 

movement was not statistically different to Groups 4 and 5.  

 With regards to bone changes there was no statistically significant difference between 

the groups and as such, we could not show that a surgical intervention (either flap or 

corticotomy) could produce significant osteopenia when combined with orthodontic tooth 

movement over 7 days. There was increased osteopenia when comparing either surgical 

intervention with nil surgery, but this did not reach statistical significance. This was measured 

using micro-CT scans with hydroxyapatite standards.  

 As with all experiments, especially those involving biological research, many factors 

could have affected the outcome. Casual observation of the micro-CT scans would indicate 

noticeable changes between groups in the osteopenic response by the bone. This would agree 

with other reports in the literature but our results were not statistically significant. Post-

experimental analysis revealed that approximately 66 rats may have given a significant 
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interaction but, in addition, there were issues with appliance failures, lack of pre-treatment 

micro-CT and other methodological considerations.  

 In conclusion, although greater than average distance changes and demineralisation 

changes were seen in the corticotomy and flap groups, these did not reach statistical 

significance. Although we could not prove this definitively, it is likely that this induced 

osteopenia is the reason for the increase in tooth movement. Further research is required, to 

provide longer observation periods and to elucidate if the other benefits of a corticotomy 

procedure, for example, decreased root resorption, are supported with evidence.  



 10 

5. LITERATURE REVIEW 

Introduction 

 In order to achieve the orthodontic objectives of a functional and aesthetic dentition, 

which patients and clinicians wish to obtain, treatment which causes tooth movement must be 

performed. This tooth movement can be brought about by many different appliances 

(removable or fixed), with different qualities of force (continuous or intermittent) and 

different quantities of force (heavy or light). There has been a long history of research in an 

attempt to provide clinicians with the optimum delivery, quality and quantity of force but 

there are still no concrete answers to these questions. 

 

 Not only would an ideal force allow for physiological tooth movement, it would also 

bring about the quickest treatment times with the least tissue damage. However, the speed of 

tooth movement could be influenced by changing the environment in which the teeth are 

housed (the periodontal ligament (PDL) and bone, specifically). Theories to increase the 

rapidity of tooth movement are always being suggested. One such theory is accelerated 

osteogenic orthodontics (AOO) or periodontal accelerated osteogenic orthodontics (PAOO) 

(patented by Wilckodontics1) which is said to harness the regional acceleratory phenomenon 

(RAP)2. In essence, the technique involves corticotomies around the teeth to be moved, 

application of a bone graft, followed by orthodontic tooth movement.  

 

Orthodontic Tooth Movement 

Orthodontic tooth movement (OTM) is when a tooth is moved through alveolar bone 

when appropriate orthodontic force is applied3. There is a cellular response, which adapts the 

periodontal ligament and bone to the changed conditions. As such, orthodontic tooth 

movement requires changes in the periodontal ligament (PDL) as well as the alveolar bone. 

The PDL consists of the collagen fibrous attachments to the tooth, the cellular components 

(undifferentiated mesenchymal cells, fibroblasts, osteoblasts) and the tissue fluids4. In both 

normal function and during tooth movement, collagen and bone are remodelled by the 

fibroblasts and osteoblasts/osteoclasts. Neurons and endothelial cells are also present, but will 

not be considered further. 

 



 11 

In order for the socket of the tooth to remain viable, carrying the periodontal 

attachment with it, there must be deposition of bone on the alveolar wall on the tension side 

and resorption on the compression side. The width of the PDL is thus maintained throughout 

the consecutive phases of tooth movement, with synchronised osteoblast and osteoclast 

activity5. When compressed, the periodontal tissues may necrose and form a layer of 

hyalinization, so-called, due to its glassy histological appearance6. The pressure side of the 

PDL implies there is a loading of the PDL and the bone on this side, due to the direction of 

the orthodontic force applied (Figure 1). However, this is a contradiction, due to the presence 

of collagen fibres which become unloaded. In addition, the redistribution of the fluid in the 

PDL, leads to normal tissue fluid pressure within the entire space between the tooth and bone3. 

It may be more accurate to use the terms resorption and apposition sides but these terms are 

used interchangeably due to their widespread use. 

 

 
Figure 1. Increasing  compression of blood vessels at some point leads to total blood vessel occlusion 

and the production of a hyaline layer.4 

 

A recent experiment7 demonstrated that the presence of an orthodontic appliance (a 

0.012” stainless steel helical coil spring) resulted in a decreased rate of bone turnover. Whilst 

this experiment demonstrated the histology as outlined above, with a decrease in PDL width 
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and hyalinization formation in the compression side, what they also demonstrated was 

osteopenia in the interradicular bone, with highly trabeculated bone after 8 days. By the 8th 

day, the interradicular bone was clearly delineated from the buccal and lingual cortices in the 

rats which had undergone tooth movement. Surprisingly, in those rats which had a sham 

appliance placed, the same histological and serological results (alkaline and acid phosphatase 

levels) were obtained as with the experimental tooth movement group. In this sham group, the 

PDL space did not change and no signs of compression or hyalinization were noticed. These 

authors7 believe that stress shielding led to disuse atrophy of the interradicular bone.  

 

Phases of Tooth Movement 

According to Krishnan and Davidovitch5, Burstone (1962) was the first to suggest 

tooth displacement from orthodontic pressure be divided into three phases: Initial strain; Lag 

phase; Progressive tooth movement.  

 Initial strain is characterised by PDL displacement, bone strain and extrusion (due to 

an inclined plane effect of the tapered alveolus). It is affected by the PDL width, root length, 

anatomical limits, force, and periodontal health. Whilst tooth displacement occurs 

instantaneously, PDL compression takes 1-3hrs8. As such, there is rapid tooth movement 

following application of force, attributed to displacement of the tooth within its socket. This 

initial phase lasts 1-2 days. 

 The lag phase is caused by the removal of the hyaline layer (usually 20-30 days) and 

this is affected by the age of the patient, density of the alveolar bone and extent of 

hyalinization. This hyaline layer is defined as a cell-free area,  because of its glassy, 

amorphous appearance.9 Undermining resorption is required to remove the necrotic, cell free 

layer and allows the tooth to enter the next phase of tooth movement8. Osteoclasts are 

recruited from adjacent marrow spaces or the surface of the alveolar bone – the hyaline layer 

itself cannot provide osteoclasts9. Tooth movement is halted until alveolar bone is resorbed, 

hyalinized tissue removed and a new periodontal ligament established10.  

 Direct bone resorption allows the tooth to move continuously as the cortical bone is 

remodelled ahead of the advancing tooth. Areas of compression and tension within the PDL 

show resorption and deposition, respectively. These are the hallmarks of the third phase of 

tooth movement8 (also called the postlag phase5).  

 

 Others11,12 have divided the tooth movement phases into 4 stages. The first phase is 

similar to the initial phase as previously described, and the second phase co-incides with the 
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lag phase. The third phase sees accelerated tooth movement, and the fourth phase is of 

constant velocity, called the linear phase (Figure 2). 

 From a histological view, the initial phase displays extravasation and chemoattraction 

of inflammatory cells and even the presence of hyalinization. The early phases of orthodontic 

tooth movement involves an acute inflammatory response, with vasodilation of the capillaries 

and migration of leukocytes within the periodontium.  

 

 
Figure 2. The four phases of tooth movement12 

 

Biology of Tooth Movement 

 The major theories about tooth movement are considered here separately, but are not 

thought to be incompatible and appear to be plausible mechanisms in OTM. None of these 

theories are conclusive in the discussion on the biology of tooth movement, and many factors 

are involved. In essence, mechanical forces displace bone and PDL, PDL fluid shifts, cell and 

matrix distortions occur, release of cytokines, growth factors, colony-stimulating factors and 

vasoactive neurotransmitters by these cells, all combine to result in tooth movement5. It is 
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important that we have a good understanding of these theories, as the current experiment 

attempts to modify this biology. 

 

 Pressure-Tension Theory 

 In this theory, a force placed on a tooth is transmitted physically to the PDL 

attachment, compressing some and stretching others. Stretching of the PDL fibres on the 

tension side stimulates cellular activity, whilst vascular constriction on the compression side 

leads to decreased PDL fibre production.5  

It is suggested that the periodontal tissues are analogous to a viscoelastic gel, which 

flows under constant pressure but under forces of short duration display elastic properties6. 

This is not unlike thixotropic or pseudoplastic fluids which by definition become less viscous 

under time-dependent forces. It is thought that the hydrophilic proteoglycan molecules form a 

space-filling gel which is contained by the collagen fibres of the periodontal tissues and 

lamina dura of the alveolar bone.6  

Whether tension can be produced within the PDL has been questioned by research13 

which disrupted collagen metabolism in rats by the administration of the lathyritic agent  � –

aminoproprionitrile. Despite inhibiting the cross-linking of polypeptides within collagen 

molecule these lathyritic rats showed a normal histological appearance of tooth movement 

suggesting that the PDL does not undergo tensile strain which transfers the mechanical signal 

directly to the alveolar bone.6 

 Schwarz14 proposed that the forces delivered to the tissues should not exceed capillary 

bed blood pressure (20-25g/cm² of root surface). Forces greater than this would lead to 

necrosis. A popular quote with many authors from Schwarz is his descriptive phrase 

“suffocation of the strangulated periodontium”14.  

 Further refinements on the optimum forces for orthodontic tooth movement has been 

proposed by Proffit4 (Table 1). 
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Table 1. Proposed optimal force values for human orthodontic tooth movement4 
Type of Movement Force (gm) 

Tipping 35-60 

Bodily movement 70-120 

Root uprighting 50-100 

Rotation 35-60 

Extrusion 35-60 

Intrusion 10-20 

 

 

 Bone-bending Theory 

 Using Pascal’s law, whereby any force in a confined, incompressible fluid system is 

transmitted equally throughout that system15, Baumrind16 supported his argument that in a 

continuous hydrostatic system, the transmission of force is distributed evenly and the PDL 

fibres do not have a meaningful effect, due to the presence of ground substance. He 

maintained that only solid tissue (being bone and tooth) could produce pressure-tension forces. 

As such, forces are transmitted to tissues near the force applied, leading to bone bending. This 

leads to acceleration of the normal physiological turnover of bone. The force is transmitted 

via stress lines, with the cells accommodating the forces by modifying the internal 

organisation of the bone.  
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Figure 3. Deformation of bone. C= compression, T= tension. A’ and B’ are curved concavely, A and B 

surfaces are more convex. Formation of bone will be to the right. 17 
 

 

 This theory works well, in combination with Wolff’s law2,18, in explaining three 

observations: the relative slowness of en-masse tooth movement (as more bone needs to flex 

this will decrease the speed of tooth movement); the speed of space closure of extraction sites 

(thin bone flexing easily); the speed of tooth movement in children, who have more flexible 

bones16. The PDL stretching on the tension side leads to bone bending, such that the bone 

configuration becomes concave, and the molecules are compressed (Figure 3 A’ and B’ 

surfaces), whilst in zones of compressed PDL, the alveolar bone becomes more convex19.  

 Piezoelectric signals 

 This theory relates in part to bone bending leading to a piezoelectric effect from both 

bone and collagen. Piezoelectricity is observed in many crystalline structures and occurs due 

to electron movement releasing energy as they move from one part of the crystal lattice to 

another (and back again). This charge release is both short in duration and an equivalent 

opposite charge is released upon cessation of the force4. This short duration means without 

constant activation and deactivation of force, electric signals would also not be constant. The 



 17 

importance of these signals are observed by astronauts whose bones atrophy due to the lack of 

piezoelectric signals. The lack of gravity decreases the bone that normally occurs. Whilst 

these signals are important for overall skeletal function, they seem not to be as important in 

OTM. Their rapid decay rate precludes them from having much effect from the low, constant 

force orthodontists attempt to achieve. However, they may be important first messengers.  

 On the concave (tension) side, electronegative areas have been observed, with 

osteoblastic activity, and on the convex (pressure) side, electopositivity with osteoclastic 

activity is reported19. It has been suggested by Davidovitch et al16,17 that the piezoelectric 

potentials result from distortion of collagen, hydroxyapatite or bone cell surface. However, 

streaming potentials predominate in hydrated tissues as the interstitial fluid moves. This 

streaming potential is the electrokinetic effect that arises when the electrical double layer 

overlying a charged surface is displaced5. In addition, matrix proteoglycan strain memory 

may contribute to the osteogenic response by decreasing the duration of loading necessary for 

bone remodelling.  

 

Hyalinization 

 One of the suspected reasons why a corticotomy procedure will lead to increased 

speed of tooth movement, is the avoidance of the formation of hyalinization. By definition, 

hyalinization is a cell-free zone caused by compression of the tooth root with the bone surface 

of the socket4. 

During initial tooth movement, the PDL may be compressed such that a cell-free zone, 

or hyalinized zone, may result which requires undermining resorption for its removal. The 

duration of this resorption is thought to be proportional to the amount of hyalinized zone 

created. In most cases, no perceptible changes in tooth position are evident during the period 

of hyalinization formation8. Removal of this necrotic tissue is carried out by multi-nucleated 

giant cells without a ruffled border and mono-nucleated macrophage-like cells. These cells are 

also responsible for resorption of surface cementum20. Osteoclasts, like cementoclasts are 

believed to originate from the hemopoietic system, being recruited to the sites of bone 

resorption via chemotaxis, with precursor cells maturing into multinucleated osteoclasts at 

appropriate sites 8.  

Hyalinization (also referred to as sterile necrosis) seems to be unavoidable during the 

initial phase of orthodontic tooth movement. Whilst it has been suggested previously that light 

forces may prevent hyalinization, this has been shown to not be the case21.  
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There are very few studies which have looked at hyalinization in man. Kurol et al10 

observed hyalinization after 1week in 59% of test teeth with 50cN buccally directed force in 

56 adolescents. Associated with this, was a 93% incidence of root resorption. They remarked 

that resorption cavities were seen close to the overcompressed zones but that about half (54%) 

of the hyalinized zones were not associated with root surface resorptions. Root resorption, 

therefore, is not only observed beneath hyaline zones, although it seems reasonable that early 

root resorption would be close to necrotic tissue in areas where orthodontic forces stimulate 

tissue changes10. With this in mind, any procedure which prevents the formation of 

hyalinization, could potentially decrease the incidence of root resorption.  

 

In a recent systematic review by von Bohl and Kuijpers-Jagtman22, they observed that 

most studies addressing hyalinization use tipping tooth movements, leading to uneven stress 

and strain distribution in the PDL. In addition, the histological sections are parallel to the long 

axis in the midsagittal plane of the tooth. These same researchers have also shown that most 

hyalinized areas are not found in the area of the central plane, but lingually and buccally from 

it21. This finding has been long overlooked and had never been noted in the literature prior. It 

is clear that an appropriate protocol for sectioning is vital to ensure that nothing is overlooked. 

 

Regional Acceleratory Phenomenon 

 First coined by Frost23, the regional acceleratory phenomenon (RAP) is a collection of 

physiological healing events. Some of the features of RAP include accelerated bone turnover 

and decreased bone density. Yaffe et al24, suggest that RAP in humans begins within a few 

days of surgery, typically peaks at 1 to 2 months, and may take from 6 to more than 24 

months to subside. They characterized the initial phase of RAP as an increase in cortical bone 

porosity because of increased osteoclastic activity and speculated that bone dehiscences might 

occur after periodontal surgery in an area where cortical bone is initially thin. They surmised 

that RAP might be a contributing factor to increased mobility of the teeth after periodontal 

surgery. There is strong indirect evidence that the physiologic events associated with RAP 

following surgery, ie, calcium depletion and diminished bone densities, result in rapid tooth 

movement. Frost stated that the duration and intensity of the RAP are proportional to the 

extent of injury and soft tissue involvement in the injury.  

 An interesting observation made by some authors25 is the rapidity of tooth movement 

following orthognathic surgery. Although anecdotal, they surmise that RAP may be the 
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biological mechanism behind their ability to treat cases quickly following a surgical 

procedure. It is clear that further research into this area is required.  

 

Corticotomy-assisted orthodontics 

 Before discussing some of the case reports and animal research presented in the 

literature regarding corticotomy-assisted orthodontics, one should consider why an additional  

corticotomy procedure is of any value. It is well known that subapical osteotomies have been 

performed to move blocks of teeth. However, the most obvious disadvantage of such 

procedures, is the potential loss of vitality of the teeth, or indeed the entire segment. Thus, it 

has been recommended that segments of teeth have a minimum number of 3-426. These 

procedures are also very invasive and of course have the added downsides of surgical risks, 

anaesthetic risks and longer healing times, amongst many others.  

 The number of orthodontists/periodontists who make use of corticotomies, in 

Australia or elsewhere in the world is unknown. There are no data on the number of 

practitioners who perform it, the patients whom they select for it, or the number of cases in 

which a corticotomy procedure is unsuccessful or an adverse outcome is realised.  

 There has been a vast array of case reports in the literature regarding the use of 

corticotomies to increase the speed of orthodontic tooth movement. Many attribute the recent 

attention given to corticotomy combined with orthodontics to Kole27 and his series of articles 

in 195927-29. Whilst the surgical side has changed minimally over time, our understanding of 

the underlying biology has changed considerably. Some refer to the surgery creating bone 

blocks which allow the movement of the entire section, using the crowns of the teeth as 

handles. This independent movement was thought possible due to the connection of only the 

medullary bone. Kole27 and Suya30 used both vertical and horizontal corticotomies. Both 

believed in movement of the bone block in its entirety and demonstrated a decrease in root 

resorption, without observing any other sequelae. Suya additionally proposed that tooth 

movement should be completed within 3-4 months as it was possible that the bone would fuse 

after this time. As has been noted by others31, no biological or biomechanical testing has been 

performed to validate this theory of bone block mobility. 

 

 Reports of corticotomy combined with orthodontics in the Australian dental literature 

has been as early as 198032. It was suggested to avoid large tooth movements which may 

disrupt medullary blood flow. Interestingly, it was reported that more crowded dentitions 

would contraindicate corticotomy procedures, due to the decreased area of bone attached to 
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the tooth root.  In addition, larger movements of teeth are also contraindicated by this author, 

due to the potential for medullary blood flow disruption. This reliance on medullary blood 

flow makes corticotomy safer in the maxilla.32 The surgical procedure described involved 

interproximal cortical cuts with a fine tapered fissure bur to within 3mm of the cervical crest, 

the crestal cut being completed by a 3mm osteotome in a 40-65 degree apical direction. 

Orthodontic forces were placed on the teeth immediately after surgery, with the orthodontist 

being required in the surgery. 

 In his paper, Fitzpatrick32 discussed two cases, one case of failure (Figure 4) and one 

of success. This illustrates the potential complications of this procedure. The factors leading 

to the poor outcome in the unsuccessful case were explained by the author as relating to the 

age of the patient, dental crowding and gingival infection.  

 
Figure 4. Destruction of the supporting tissues in a 28y.o. male32 

 

 The successful case demonstrated by Fitzpatrick32 was a 15 y.o. male showing rapid 

realignment of the anterior segments of the upper and lower arches. There was no mention of 

why treatment needed to be accelerated on a 15 y.o. with only minimal space to be closed.  

 

 More recently and more prominently, are William M. Wilcko and M. Thomas Wilcko 

who have a patented their method named periodontal accelerated osteogenic orthodontics 

(PAOO). They describe their cases as being bracketed with archwire engagement 1 week 

prior to surgery. In some cases, if the presence of orthodontic appliances will interfere with 

any aspect of the periodontal surgery, then delay of placement can be done until 1-2wks post-

surgery33. Orthodontic force is not to be delayed more than 1-2 wks post-surgery to ensure 

utilisation of the RAP. Tooth movement is to be completed 4-6 months post-surgery, after 

which the speed of tooth movement will decline to pre-surgery levels. Hence, adjustments are 

performed an average of every 2 weeks, with a range of 1-3 weeks34.  

 

 The surgical aspect of PAOO involves lifting a full-thickness flap coronally, with a 

split thickness dissection apically. The split thickness portion allows for suturing without 
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tension at the completion of the procedure33. If bone grafts are placed, this would 

accommodate the increase in thickness. After this split thickness dissection, the periosteal 

layer is reflected to allow access to the bone. The flap is extended mesiodistally, in preference 

to vertical releasing incisions. The corticotomies are to initiate the RAP, not to create movable 

bone segments. There is minimal medullary involvement, and the corticotomies are placed 

both lingually and buccally of the teeth to be moved. In the human subjects described by 

Murphy et al33, a vertical groove is placed between the roots of adjacent teeth starting 2-3mm 

from crestal bone, to 2mm beyond the apices of the teeth. These corticotomies are then joined 

together by a semi-circular cut, avoiding any important anatomical structures. If sufficient 

bone permits, perforations above the radicular surface of bone are placed (shown in Figure 5). 

Adequate “osseous insult”34, which maximises marrow penetration and bleeding, is required 

over the thinned bone with only superficial medullary involvement necessary.  

 

 The enormous amount of variation between clinicians as to the details of the 

corticotomy, itself, is testament to our lack of understanding of what is “adequate ossesous 

insult”.  

 

 
Figure 5. Typical corticotomy cuts33 

 

 Once the corticotomies are complete, a resorbable particulate bone graft is placed over 

the site. The bone graft is wet with a clindamycin phosphate/bacteriostatic water solution of 

approximately 5mg/mL34. The bone graft demonstrated by Wilcko et al1 was an equal mixture 

by volume of demineralized freeze-dried bone allograft (DFDBA) from the Mile High 

Transplant Bank and bovine bone (Osteograf/N-300, CeraMed) in one patient, while in 

another patient, PerioGlas (US Biomaterials) was used. Between 0.25mL and 0.50mL bone 

graft material was used per tooth, with the decorticated bone acting to secure the graft. The 

amount of bone graft was determined by the amount of pre-existing bone, the severity of 
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crowding to be rectified, the severity of the anticipated dentoalveolar defect, the number and 

extent of ostectomies to be done and the amount of intended reshaping34.  

 The flap is then replaced, with interrupted nonresorbable sutures (e.g. Goretex or 

black silk) which are left in place a minimum of 2 weeks, and for 3 weeks if a greater amount 

of graft material was placed.  

 

Studies of corticotomy assisted orthodontics 

 Of interest in Tables 1 and 2 is the overall reporting of corticotomy with orthodontics 

and the type of studies performed. It is clear from a glance that human reports were first in the 

literature a long time before animal studies appeared. This is unlike the vast majority of 

medical and dental therapies which are first performed on experimental animals, to verify 

safety and treatment outcome, before performance on humans. There is certainly no reason for 

this given in the literature – one can only assume that its safety is without question i.e. 

no/minimal harm to patients. Certainly, there has been nothing reported with regards to safety, 

with the exception of one case report with an adverse outcome32.  

Another matter which is apparent, is the recent increased interest in this technique. 

Such research is certainly contemporary and pertinent. From Duker35 in 1975, it took a good 3 

decades before the next animal research in corticotomy assisted orthodontics was published.  

  

Human Studies 
Table 2. Human studies 

Authors Year Tooth movement involved Controls 
Wilcko34 2009 1 case report of expansion/proclination; 1 

case report with premolar space closure 
No 

Chung36 2009 4 case reports all with retraction of teeth No 
Kim, S-H.37 2009 3 case reports 1 intrusion, 2 uprighting and 

mesial movement 
No 

Wilcko38 2008 3 case reports with expansion/proclination; 1 
case report with premolar space closure 

No 

Oliveira39 2008 2 case reports with intrusion No 
Fischer 40 2007 6 case reports all extrusion of impacted 

canines 
Split mouth 

Lee, J-K. 41 2007 65 cohort study comparing: ortho only (29) 
vs mini-screw + corticotomy (20) vs anterior 
segmental osteotomy (16) 

No 

Kanno42 2007 1 case report of intrusion No 
Germec43 2006 1 case report for retraction No 
Iino44 2006 1 case report for retraction No 
Wilcko1 2001 2 case reports of expansion/proclination No 
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Hwang45 2001 2 case reports both for intrusion No 
Owen46 2001 1 case report with invisalign No 
Suya30 1991 1 case report within a chapter in a textbook No 
Fitzpatrick32 1980 2 case reports for space closure No 
Kole27 1959 Technique report only No 
 

Animal Studies with corticotomy 
Table 3. Animal studies 

Authors Year Animal Tooth movement involved Control 
Duker35 1975 6 Beagle 

dogs 
Unclear from methods No 

Cho47 2007 2 dogs Mesial move of 3rd 
premolar with 150g 

Split mouth 

Iino48 2007 12 Beagle 
dogs 

Mesial movement of 3rd 
premolar with 50g  

Split mouth 

Ren, A.49 2007 10 dogs Distal movement of 1st 
premolar with 150g 

Split mouth 

Lee, W. 
50(same sample 
as Wang 
200951) 

2008 30 rats Mesial movement of 1st 
molar with 100g  

Yes 

Sebaoun31 2008 36 rats Corticotomy only Split mouth 
Mostafa 52 2009 6 dogs Distal movement of 1st 

premolar with 400g 
Split mouth 

Sanjideh53 2009 5 
foxhounds 

Max 3nd premolar and 
Mand 2nd premolar mesial 
movement with 200g 

Split mouth 

Kim, S-J.54 2009 16 cats Corticision with retraction 
of canine with 100g 

Yes 

Cohen55 2010 10 
foxhounds 

Mesial movement of max 
2nd premolar 0.5mm/day 
via screw 

No – 
compared two 
surgical 
techniques 

Baloul56 2011 114 rats Mesial movement of 1st 
molar with 25g 

Yes 

 

Corticotomy enhanced orthodontics- Case Reports 

 After a presentation the American Academy of Restorative Dentistry in 1983, Suya 

wrote a chapter in a textbook30, outlining his technique and rationale for the use of 

corticotomy in orthodontics. In this chapter, he gives a detailed account of the procedure he 

utilises and explains why others fail to achieve similar results. This is due to delay of 

orthodontic treatment once the surgery is performed and the time between adjustment 

appointments being too long. Unfortunately, whilst Suya describes having treated 395 adult 
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cases with corticotomy-facilitated orthodontics, he displays only 2 case reports within the 

textbook30 and supplies little data except that it took, on average, 107 days for space closure 

to be complete. He gives no actual data to back some of the claims in the chapter; namely, 

decreased relapse, root resorption, pain experienced by the patient, or increased rapidity of 

tooth movement.  

 Anholm et al57 discuss what seems to be the widespread use of the corticotomy 

technique within Loma Linda University and its teaching to the graduate students. However, 

they offer only one case study in their article. Their non-extraction treatment of a patient with 

severe crowding took 11months, with 2wk intervals between orthodontic adjustments. Whilst 

this case on its own demonstrates quite impressive results, there were no data presented to 

suggest that this result can be expected from every case.  

 Chung et al58 describe their “speedy orthodontic” technique, which is a protocol 

utilising corticotomy with orthopaedic forces via intraosseous anchorage (TADs). They apply 

a greater than normal orthodontic force, with the aim of moving the block of bone which is 

conceptually different to the RAP. They claim effective treatment in bimaxillary protrusive 

cases with surgical treatment of buccal and palatal corticotomies very similar to that described 

by Wilcko et al34. The main difference is the timing of the buccal and palatal corticotomies, 

which are done 2 weeks apart, to ensure there is no compromise of the blood supply. 

Orthodontically, the force placed on the anterior teeth, for en masse retraction is 500g-900g 

per side (Figure 6) 

 

 
Figure 6. En masse retraction with C-palatal titanium plate and C-lingual retractor before and after 4 

months of retraction58 
 

 Chung et al58 illustrate their technique with 4 case reports. Overall treatment time was 

12, 15, 10 and 9 months for the four cases. Although there were no controls, these treatment 

times do appear to be quicker than normal. 

 

 Fischer40 in a sample of 6 patients with bilateral palatally impacted maxillary canines 

requiring surgical exposure, randomly performed corticotomy procedures on one side, in 
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addition to the surgical exposure. The corticotomy consisted of circular holes mesial and 

distal to the impacted tooth, approximately 2mm apart (Figure 7). The orthodontist had no 

knowledge of which tooth had the corticotomy procedure and 60g of force was utilised with 

4-6wk intervals between appointments. 

 

 
Figure 7. Corticotomy procedure in addition to surgical exposure of the impacted canine40 

  

The reduction in treatment time was between 28-33% for the corticotomy-assisted 

canines vs the noncorticotomy canines, with significantly higher tooth movement velocities 

(1.06mm/month vs 0.75mm/month). There were no periodontal differences between the two 

groups. An acknowledgement by the author of a weakness in his study, was the inability to 

measure accurately the initial root positions; hence the velocity of the torque movements 

could not be measured.  

 

 Germec et al43 describe one case report of a bimaxillary protrusive case being treated 

with their “modified corticotomy” approach. They performed this mid-treatment, to accelerate 

the treatment according to the patient’s wishes. The corticotomy procedure consisted of 

vertical cuts with a 0.5mm round bur 2mm into bone, followed by a chisel to reach the lingual 

cortical bone from the labial side (Figure 8). There were no horizontal cuts or lingual cuts. 
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Figure 8. Modified corticotomy with vertical cuts43 

  

Whilst the authors describe this as a modified corticotomy, this technique more 

closely resembles an osteotomy approach and the inclusion of the interdental crestal bone 

may lead to future papilla loss and poor aesthetics. In their discussion, the authors omitted the 

horizontal cuts to protect the blood supply as the spongiosa bone was not left intact; an 

indication that the procedure was more than just a corticotomy. The rationale behind this 

labial approach, is to decrease the risk of damaging the teeth via lingual access and to increase 

the blood supply to the region via the intact lingual mucosa. They believe that leaving the 

lingual mucosa intact allows protection of the crestal bone, despite the vertical cuts extending 

to them.  

 

 Hwang and Lee45 combined intrusion with corticotomy and magnets in 2 cases, one in 

the maxilla and one in the mandible. The intrusion was to compensate for overeruption. The 

corticotomies were similar to those described by Wilcko et al34 with the exception that the 

horizontal cut which joins the vertical cuts was 3-4mm wide to facilitate the intrusion (Figure 

9). 
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Figure 9. Vertical cuts 2-3mm from crestal bone and with a width of 3-4mm in the horizontal cut45 

  

The intrusive force was created with the use of neodymium-iron-boron (Nd-Fe-B, 

Neibon-27) permanent magnets (diameter, 3.0 mm; thickness, 1.5 mm). On the overerupted 

molar, 2 magnets were placed with acrylic resin on the buccal and lingual sides of wire 

shelves soldered to an orthodontic band. On the opposing side, two cantilever springs 

maintained the close approximation of the magnets. It has been suggested by some that the 

use of magnets increases vascularity and bone turnover, accelerating tooth movement59. How 

much each of the magnets vs the corticotomy contributed to increasing the observed tooth 

velocity was not explored by the authors. A reason for using magnets was the decreased need 

for adjustments which is another consideration; generally, it is recommended that corticotomy 

assisted orthodontics requires frequent adjustment of force levels to utilise the RAP. In both 

the cases described, Hwang and Lee45 intruded molars which were overerupted to the point of 

contact with the opposing gingiva. In only one of their cases, the mandibular molar intrusion, 

did they specify the time involved: 3 months. But in neither case was root resorption observed, 

despite the large amount of intrusion obtained.  

 

 Iino et al44 describe a case report of a bimaxillary protrusive patient being treated with 

titanium miniplates and corticotomy assisted orthodontics. In this case, the authors felt that 

increased forces may be required to maximise the use of the corticotomies and mini-plates, 

rather than mini-screws, were utilised as they have higher retention rates and can withstand 

greater loads. Corticotomies similar to those described by Wilcko et al34 were performed with 

no variation (Figure 10) 
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Figure 10. Maxillary and mandibular labial and lingual corticotomies44 

 

 The lingual corticotomies were performed 3 days after the labial side, to assist healing 

and blood supply. Total active treatment time was 1 year, including the closure of upper first 

premolar and lower second premolar extraction spaces. The authors reported no significant 

reduction in the crest bone height, decrease of attached gingiva, marked apical root resorption, 

or devitalization after the orthodontic treatment. 

 

 Kanno et al42 described a case report of an anterior open bite case, previously treated 

with orthognathic surgery, being treated with mini-plates and corticotomies. Unlike most 

other investigators, these authors left a 3 week gap between palatal and buccal corticotomies. 

Within 6 months, 7 mm intrusion of the upper 2nd premolars and molars was achieved. The 

actual corticotomy procedure was not comprehensively described but a 3.5mm horizontal cut 

3mm above the apices of the teeth to be intruded was performed and at least 2 vertical cuts 

mesial and distal to the teeth which were intruded.  

 

 Kim et al37 developed a new intrusion device utilising osseointegrated mini-implants 

with tubes on the buccal and palatal in which a 0.9mm beta-titanium wire was placed. This 

wire was bent into a shape with the mechanics of a “mouse-trap”. The plate with multiple 

screws and the C-screw, which is partially osseointegrated, were thought necessary to 

withstand the torquing forces produced by the intrusion spring (Figure 11) 
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Figure 11. A: Occlusal image of mousetrap appliance. B+C: Biomechanics involved with intrusion and 

resultant torque on buccal mini-plate and palatal C-implant.37  
 

C-implants have a lower biocompatibility when compared to dental implants as they 

are made of titanium grade vanadium alloy rather than pure titanium. They are sandblasted, 

large-grit, acid-etched (SLA) surface treated, not machine surfaced mini-screws.  

 The C-implant on the palatal was placed with a soft tissue punch and pilot hole 

(1.5mm guide drill) followed by a 5 week period of osseointegration. Then a buccal and 

lingual flap was raised, the mini-plate with two drill-free screws (1.5mm diameter, 5mm long) 

was inserted as well as vertical corticotomies adjacent to the teeth to be intruded. No 

horizontal corticotomy was described by the authors. There was a distance of 3cm from the 

anchorage devices to the 2nd molar to be intruded, with 450g rotational force being applied 

(Figure 11). The patient was seen in 4 week intervals and total treatment time was 7 months. 

Total intrusion was 2mm of the buccal and 4mm of the palatal cusp. This gave enough space 

for an implant crown in the mandible and no relapse was seen 15 months post-orthodontic 

treatment. Some loosening of the buccal mini-plate was noted, but the C-implant on the 

palatal remained stable.  

 In their second patient, a mesially tilted second and third molar were uprighted and 

protracted to fill the first molar space (Figure 12). A C-implant (1.8mm diameter, 8.5mm 

length; 5weeks osseointegration) was placed between the 1st and 2nd premolars, through which 

a L-loop preactivated 0.019” x 0.025” TMA wire was passed. Although the authors describe 

utilising the accelerated osteogenic orthodontic (AOO) approach, they did not specify the 

corticotomy procedure used. Elastic thread was passed from the hook on the 2nd molar to the 

C-implant for protraction. A 0.016” x 0.025” TMA sectional from the 1st premolar to the 3rd 
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molar completed alignment, as the molars were rotated during protraction. Total treatment 

time was 9 months and appeared to be stable 15 months post-treatment.  

 
Figure 12. Biomechanics with uprighting of molars37 

 

 The third patient reported by Kim et al37 presented with a horizontally impacted 

mandibular right first molar, with over-eruption of the maxillary right molars and mesial 

tipping of the lower right second and third molars. Extraction of the impacted 1st molar was 

performed under general anaesthesia. 2 mini-screws were placed, one buccally and the other 

palatally, to intrude the upper molars. As with their second patient, no specifics on the 

corticotomy procedure were given. On the lower, a C-implant was used to upright and 

protract the remaining lower molars. A 0.018-inch cobalt-nickel-titanium wire was used for 2 

months on the lower molars to the C-implant, with a L-loop 0.019” x 0.025” TMA following 

this (as in patient 2 in their case series). Total treatment time was 7 months.  

 The authors themselves admit that although all the treatment times in their case series 

were short, they did not seem much different than tooth movement without corticotomy. They 

believe this may be due to the movement of teeth “within the alveolar bone framework”. The 

authors used a heavy intrusive force of 300gms. Despite this, they showed no signs of root 

resorption in any of their cases.  

  

 Lee et al41 compared treatment outcomes for bimaxillary protrusion with either 

orthodontics, anterior alveolar osteotomy and corticotomy-assisted orthodontics (Figure 13). 

65 Korean females were selected with Angle class I molar relationship, no severe vertical 

discrepancy, no severe anteroposterior skeletal discrepancy crowding less than 3 mm, 

Rickett’s aesthetic line to lower lip distance greater than 2 mm, interincisal angle less than 

125 degrees, chin point deviation less than 3 mm, and no symptoms of temporomandibular 

joint disorder. The three treatment groups were orthodontics with TPA and/or headgear 

(group 1); corticotomy assisted orthodontics with skeletal anchorage and anterior segmental 

osteotomy in the mandible (group 2); anterior segmental osteotomy in the maxilla and 
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mandible (group 3). Osteotomy in the mandible only, in group 2, was chosen by the authors 

as they felt this would give the best aesthetic effect, due to the genioplasty effect.  

 
Figure 13. Left to right: orthodontic group; corticotomy and skeletal anchorage; segmental osteotomy. 

Pre- and post-treatment outcomes as performed by Lee et al41 
 

 As was expected, there were greater bony changes in the mandible in groups 2+3 vs 

group 1; and greater bony changes in the maxilla in group 3 vs group 1+2. The overbite was 

decreased in group 3 more than in group 1+2, showing greater control of the vertical via 

surgery than in the other two groups. Group 1 had the smallest change in soft tissue profile, 

and the smallest change in the proclination of the upper lip.  

 The overall treatment time was significantly reduced in groups 2 + 3 (19 and 14 

months, respectively) vs group 1 (27 months). There was greater retroclination of the incisors 

in groups 1+2, with almost no change in angulation in group 3. It was not mentioned how 

many (or if at all) extractions were utilised. The authors presented data which they hope will 

assist clinicians in their treatment planning; in essence, their evidence showed that greater soft 

tissue changes can be achieved with surgery, followed by corticotomy assisted orthodontics 

and osteotomy, followed by orthodontics only. It is interesting that there was no corticotomy 

assisted orthodontics only group to compare with the other groups. Furthermore, the lack of 

description of the corticotomy procedure and skeletal anchorage placement, detracts from the 

results of this study.  

 

 Moon et al60 describe intrusion of over-erupted maxillary molars. The corticotomy 

procedure was a vertical bone cut 3-4mm from the height of the crestal bone, to 3mm beyond 

the apices of the teeth involved (Figure 14). From here, a horizontal bone cut, 3-4mm wide, 

was made to the tuberosity and the pteygomaxillary junction was separated with an osteotome. 

All bone cuts were made barely penetrating medullary bone. Following this, a L-plate was 

fixed to the buccal alveolus with 2 bone screws. 

a1172507
Text Box
                           NOTE:     This figure is included on page 31  of the print copy of the thesis held in    the University of Adelaide Library.



 32 

 
Figure 14. Corticotomy as performed by Moon et al in the upper left maxillary posterior area60 

 

 Antibiotics, anti-inflammatories and 3 days healing was prescribed. 2 weeks following 

the corticotomy and mini-plate procedure, 2 mini-screws (1.6mm diameter, 8mm length) were 

placed on the palatal side; one 3mm and the other 8mm from the mid-palate (Figures 15-17).  

 
Figure 15. L-plate placement prior to flap closure60 

 
Figure 16. Exposed L-plate following flap closure60 



 33 

 
Figure 17. Mini-screws in palate prior to impression taking60 

 
 At the same appointment as screw placement, an impression was taken in order to 

fabricate a hook in the laboratory.  

 
Figure 18. Hook fabrication and attached to mini-screws in the palate, allowing skeletal anchorage60 

 
 The hook was sandblasted and attached using a metal primer, bonding agent and resin 

(Figure 18). This occurred on the same day as screw placement and an immediate 100-150g 

force was placed. By one month, the mesial marginal ridge of the 1st molar was level with the 

2nd premolar. Further intrusion was required of the 2nd molar to level the curve of Spee. 

Treatment was complete in two months. After 7 months of retention, implant supported 
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crowns were constructed and retention was stopped. Retention in this case consisted of 

bonding of wires to the intruded teeth from the mini-screws and mini-plate to prevent relapse. 

3mm intrusion of the 1st molar and 3.5mm intrusion of the 2nd molar was achieved. The 

authors noted inflammation around the mini-screw/hook combination. This was despite oral 

hygiene instructions and the use of 0.12% chlorhexidine mouthrinses.  

 

 Owen46 in 2001, used Invisalign to treat himself, following a corticotomy procedure 

performed by an oral surgeon. Instead of changing aligners every 2 weeks, he changed them 

every 3 days. He notes that teeth which did not have the corticotomy procedure were more 

painful. Otherwise, no adverse side effects were noted and treatment proceeded uneventfully. 

Owen did not comment on the speed of his treatment but, following Invisalign’s protocol and 

adhering to the ClinCheck, would have the advantage of knowing how quickly a case should 

treat out. This is known as “tracking” to Invisalign users and if Owen’s self treated case 

tracked correctly, then the corticotomy procedure, in his case, proved to decrease treatment 

time significantly (changing aligners every 3 days compared to every 14 days which would be 

an 80% reduction in treatment time). 

 

Animal experiments in corticotomy-assisted orthodontics 

 Duker35 is the first to have experimented on corticotomy-assisted orthodontics with an 

animal model. Unfortunately, the direction and the magnitude of the force was not mentioned 

in his article because he was interested in the periodontal tissues and the vascular changes, 

rather than the rate of tooth movement. From the diagrams in the article, it could be surmised 

that elastic bands were used to protract the incisors but the distance, the time taken and other 

variables were not discussed.  

 To investigate corticotomy on its own (without any tooth movement), Sebaoun et al31 

used 36 rats and elevated triangular-shaped periosteal flaps, burred bone with a ½ round in the 

pattern of 10 dots (approx 0.2mm diameter) with 5 on the lingual and 5 on the buccal. The 

flap was replaced with a silk suture and euthanasia of the rats was performed at 3, 7, and 11 

weeks. At 3 weeks, they showed that with surgery, less trabecular bone was observed and 

there was greater PDL surface vs the control side and to the other groups. At week 7, there 

was no difference between the surgery and control sites and by 11 weeks the tissue had 

returned to completely normal. It is important to note that the surface area of the trabecular 

bone and PDL were inversely correlated with the proportional distribution becoming equal at 

week 11 for both control and surgical sides (Figure 19).  
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Figure 19. Surface area of trabecular bone and periodontal ligament, comparing controls with 

periosteal flaps31 
 

Whilst the authors do not discuss this, it is apparent that the control side changes 

between 3 and 7 weeks to 11weeks, increasing in bone surface and decreasing in PDL surface. 

It could be surmised that this may be due to systemic acceleratory phenomenon and as such, 

would contraindicate the use of split mouth controls when investigating RAP. The similar 

ratios at 11 weeks between the control and surgical sides indicates that systemic acceleratory 

phenomenon ceases at the same time as RAP ceases, once healing has completed.  

 In parallel to the bone and PDL surface changes, TRAP-positive cells were highest in 

the surgical side at 3 and 7 weeks, returning to baseline by 11 weeks.  

 Lamina dura bone apposition was greater in the surgery group at week 3, vs controls. 

However, no significant differences were observed between surgery and control sites at other 

time points. Trabecular bone observation of the surgery group showed greater bone apposition 

at 3 weeks when compared to controls or the surgery group at 7 and 11 weeks., with RAP 

activity limited to the site of cortical injury. 

 It is interesting in their study, that the first time point of sacrifice (week 3) was also 

the period with the greatest anabolic and catabolic bone response with a dissipation by 11 

weeks of the bone remodelling behaviour.  

 

 In one of the earlier animal projects of this subject, Cho et al47 used 2 beagle dogs and 

extracted their 2nd premolars, allowing 4weeks healing before placing “cortical activation” 

and protracting the 3rd premolars. It is clear that having such a small sample number does not 

allow great confidence in the exact distances moved but they demonstrated that the 
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corticotomy group realised greater tooth movement in both the maxilla and mandible (with 

surgery in maxilla 4x more than controls and in the mandible 2x more than controls). In 

addition, there was an increase in the cellular activity of both the formative and resorptive 

cells. 

 Iino et al48 investigated the effects of the corticotomy procedure in beagle dogs. 

Extraction of the 2nd premolars was performed bilaterally and the 3rd premolars were moved 

after a 16 wk healing period, into the space created. One side was the experimental side, 

which consisted of a corticotomy procedure, while on the other side, the sham side, a flap 

only was lifted. The corticotomy consisted of bone cuts approximately 1mm in depth, enough 

to create bleeding. Both sides were moved with a 0.5N NiTi closed coil spring, anchored to 

the canines. Tooth movement was measured off standardised radiographs which were 

subsequently traced. The radiographs were taken with an attachment to the 4th premolar to 

increase reproducibility. The use of traced radiographs has been shown to increase 

interoperator reproducibility but measurement of a tracing and not the radiograph increases 

the reliance on the tracing and decreases the accuracy of measurements61. The average 

distance of tooth movement on the sham side in this study was 1 mm in 4 weeks and this 

value is similar to that in a previous dog study11. The distance was approximately double on 

the experimental side at every time point, compared with the sham side. Tooth movement 

velocity on the experimental side was between 2 and 5 times faster than the sham. Therefore, 

it was suggested that orthodontic tooth movement increased especially in the early stage after 

the corticotomies. This rapid tooth movement was thought to occur due to hyalinization of the 

PDL at the compression side being observed only at the first week, while on the sham side, it 

was observed throughout the experiment, at 1 week, 2 weeks and 4 weeks. As such, 

hyalinization of the PDL was eliminated at an early stage on the corticotomy side. This would 

seem to be the only study available that compares a flap procedure against a corticotomy 

procedure with regards to the rate of tooth movement. It would also appear that a flap 

procedure is inferior to a corticotomy procedure in terms of the rate of tooth movement.  

 

 Kim et al54 performed a “corticision” an alternative to the corticotomy technique, 

whereby a thin scapel (400μm thickness) is used as a chisel, to perform separation of the 

cortices, without the use of a flap. 2mm from the crestal tissues was left untouched, to 

decrease the risk of papilla damage. The use of such a technique was promoted by the authors 

as being less invasive than other methods which utilise a flap and water cooled drilling with a 

bur. 3 groups of cats with a sample size of 16 were split into: orthodontic force only; 

orthodontic force plus corticision; orthodontic force plus corticision and periodic mobilisation; 
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groups A, B, C respectively. Groups B and C were split mouth, whilst group A cats, in order 

to prevent a systemic acceleratory phenomenon (SAP), were not included in the split mouth. 

In group C, mobilisation using a pincet was performed immediately and every 3 days post-

corticision.  

 Groups B and C had greater amounts and rate of bone formation than Group A. The 

authors observed less hyalinization and greater rates of hyalinization removal in Groups B 

and C vs Group A. It would appear from the results presented, that corticision is a potential 

variant to corticotomy assisted orthodontics. Additional manipulation in Group C did not 

prove to be a valuable addition.  

 

 Lee et al50 used rats to compare corticotomy and osteotomy assisted tooth movement. 

The surgical procedures consisted of L-shaped cuts, leaving the distal area with a bridge of 

bone. The authors used micro-CT to quantitatively analyse the demineralisation of bone, with 

radiolucency determined by pixel count. From their results, the authors found that the 

osteotomy group displayed greater average tooth movement in 21 days (0.44mm), whilst the 

other groups (control and corticotomy: 0.33mm vs 0.30mm respectively) showed no 

difference. Apparently, appliance failure was a key reason why the authors did not find a 

difference between the control and corticotomy groups62. Despite this, the results were not 

statistically significant and there was high variation between the animals and breakages of the 

appliances. All of the corticotomy assisted tooth movement groups showed demineralization 

resembling RAP whilst none in the osteotomy assisted group had regional demineralization.  

 The response by the bone was site specific. At the mesial site, corticotomy showed 

greater demineralisation than the control. At the mesial palatal site, due to the surgical 

incision, the corticotomy and osteotomy groups showed greater demineralisation than the 

control group. At the interradicular site, corticotomy groups showed greater demineralisation 

than the osteotomy and control groups. At the distal site, corticotomy groups showed greater 

demineralisation than osteotomy alone, followed by normal tooth movement, then osteotomy 

plus tooth movement. All groups were indistinguishable 2 months after surgery.  

 Between the osteotomy and corticotomy groups, the observation was that osteotomies 

produced a distraction site, whilst the corticotomies produced a regional loss of bone (RAP). 

The authors propose that this is due to the mobility of the osteotomized segment, with 

fracture-like healing as opposed to the stability of the corticotomized segments, with exposed 

underlying marrow. In addition, normal tooth movement displayed a mild RAP. 

 The RAP response was considered to start with an initial phase of maximally 

stimulated bone formation, where woven or fibrous bone was produced to span a cortical gap. 



 38 

This bone formation remodelled into lamellar bone, with this phase being followed by a 

period of predominant resorption, with disappearance of medullary bone and a decrease of 

osteoblast number within the medullary bone.  

Wang et al51, used the same sample and analysed it with histology and 

immunostaining. At the 3 day time point, they discovered an upregulation of osteoclasts in the 

corticotomy and tooth movement group, vs the tooth movement only group. This difference 

disappeared by the 21 day mark.  

 

  Mostafa et al52 used dogs to explore corticotomy and orthodontic tooth movements. 

The corticotomy procedure was quite different to others who have researched in this area, 

with only a labial flap and corticotomy in the area of future tooth movement. This area was 

the site of extraction (2nd premolar), into which the 1st premolar was to be moved. The actual 

cuts made were of a similar configuration to other studies, with one horizontal and two 

vertical cuts and small perforations (approx 8-10) within these horizontal and vertical cuts 

(Figure 20). The authors reason that as the dog has a less dense maxilla, lingual cuts were 

unnecessary, as opposed to, for example, the mandible. Orthodontic tooth movement was 

performed by a closed coil NiTi spring from the miniscrew with a force of 400g. 

 

 
Figure 20 Corticotomy cuts and perforations as performed by Mostafa et al52 

  

When comparing the two groups, the authors found approximately twice greater tooth 

movement in the corticotomy group compared to the orthodontic only group (4.67mm vs 

2.3mm) in the first 4 weeks. The histological results are shown in the table below: 
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Table 4. Summary of Mostafa et al52 Compression side 
Compression side Orthodontics only Corticotomy assisted 
Week 1-2 
 

The PDL narrowed, and the 
fibre bundles were haphazard 
and condensed. Thin 
interseptal bone was 
surrounded by a layer of 
osteoblasts.  

The PDL widened and the 
interseptal bone resorbed 
with sporadic bone remaining 
scattered in the PDL. The 
PDL joined the extraction 
site which was filled with 
dilated blood vessels. 

Week 3-4 The PDL narrowed and 
consisted of mature and 
immature collagen fibre 
bundles. The bone is near 
normal with wide marrow 
spaces.  

The PDL was mature and 
arranged regularly. The 
extraction site consisted of 
thick woven bone with many 
reversal lines. Continuation 
of the PDL with the 
extraction site 

Week 6+ Fewer osteoclasts are seen. 
PDL turnover is seen mainly 
in the intermediate zone with 
hyalinization observed. The 
bone in the extraction site is 
still woven. 

Direct resorption of the bone 
surface was seen, with dilated 
blood vessels at the bone 
surface. Lamellar bone now 
inhabited the extraction site.  

 
 
 

Table 5. Summary of Mostafa et al52 Tension side 
Tension side Orthodontics only Corticotomy assisted 
Week 1-2 Newly formed woven bone is 

observed. No collagen fibre 
degeneration was seen near 
the bone surface.  

PDL is widened with dilated 
blood vessels. Newly formed 
bone with numerous 
osteocytes and wide marrow 
spaces are observed. This 
bone is thicker and less 
regular than in the 
orthodontic only group. 
Collagen fibre degeneration 
is seen in the PDL 

Week 3-4 Mature collagen fibres only.  Haphazard arrangement of 
the mature collagen fibre 
bundles in the PDL interlaced 
with immature fibres, 
especially in the intermediate 
zone. Thicker bone formation 
is observed 

Week 6+ Normal collagen fibre 
bundles in both groups. 
Woven bone is observed with 
wide marrow spaces. 

Bone has greater bulk and is 
lamellar with many 
osteoblasts on the bone 
surface 

 

 As seen in Table 5, Mostafa et al52 observed greater osteoblastic activity on the 

compression side in the orthodontics only group, as the osteoblasts presumably attempt to 
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reverse the resorption of the alveolar bone, hindering further tooth movement. The authors 

observed that both groups followed the 3 periods of orthodontic tooth movement: initial, lag 

and post-lag but that the experimental group showed greater velocity.  

 Interestingly, there was minimal hyalinization found in this study, except in the 

orthodontic group, at the 6th week which the authors believe to be due to the high vascularity 

from the extraction socket, preventing necrosis occurring. From the tension side, bone 

formation was similar, except in the corticotomy assisted groups where faster tooth movement 

led to greater stretching of the periodontium and more active osteogenesis. This greater 

stretching led to greater degeneration of the collagen fibre bundles vs the orthodontic only 

group with steadier, slower movements. The thickness of the bone was greater but also more 

lamellar in the corticotomy assisted group. Consequently, with this more mature bone, the 

authors speculate that less relapse tendency could be a positive side effect. If not less relapse 

potential, then perhaps a decreased retention regime may be appropriate in corticotomy 

assisted cases.  

 

 Ren et al49 performed alveolar surgery in dogs, with removal of the interseptal bone 

distal to the tooth to be moved and along the extraction socket, to decrease its resistance. 

Whilst this is a departure from a corticotomy procedure, the additional bone removal would, 

in addition to decreasing the bulk of bone needed to be resorbed, possibly cause RAP. The 

dogs had a NiTi closed-coil spring placed between the 1st and 3rd premolars, with the 2nd 

premolar removed. The experimental side experienced almost twice the amount of tooth 

movement in the first 4 weeks (4.31mm vs 2.16mm) with both experiencing similar amounts 

of anchorage loss (0.44mm and 0.46mm, respectively). No difference in root resorption was 

seen in either of the two groups.  

 The histological results are shown in Tables 6 and 7: 
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Table 6. Summary of Ren et al49 Compression side 
Compression side Orthodontic only Additional alveolar surgery 
Week 1 Narrowing of the periodontium and thinning of the blood 

vessels in both groups 
Week 2  More hyalinization and 

undermining resorption 
Little hyalinization and 
osteoclasts absorbed bone in 
direct and undermining 
resorption 

Week 3-4 Hyalinization is complete and 
direct resorption seen 

Interseptal bone became 
discrete due to bone 
resorption and the 
periodontium joined the 
extraction socket 

Week 8 New lamina dura formed and periodontium is normal in both 
groups. Mild hyperemia is seen in both groups within the 
pulps; however, no pulp necrosis was seen. After the 4th 
week, small areas of root resorption are seen with partial 
repair by the 8th week. 

 

Table 7. Summary of Ren et al49 Tension side 
Tension side Orthodontic only Additional alveolar surgery 
Week 1 
Week 2 

Widening of the 
periodontium with an 
accumulation of cells 

More osteoblasts and osteoid is 
seen in this group 

Week 3-4 New trabecular bone is 
short and thin 

New trabecular bone is long and 
bulky 

Week 8 Both groups have normal 
periodontium, with striated 
trabecular bone, partly 
calcified osteoid and a new 
lamina dura 

Greater bone formation than in 
control group. Only the cervical 
part of the periodontium was 
measured. 

 

 The authors observed that both groups followed the 3 phases of orthodontic tooth 

movement: initial, lag and post-lag, with greater speed for the experimental group. This 

concurs with the results from Mostafa et al52. As the teeth in the experimental group moved 

into the extraction socket, they moved through porous bone experiencing less bone resistance 

and hence, faster tooth movement. This may have been due to the RAP and also due to the 

decreased amount of interseptal bone which the teeth had to pass through.  

 Whilst absolute anchorage loss was similar in both groups (0.44mm experimental side 

and 0.46mm control side), when expressed as a ratio of 1st premolar displacement, anchorage 

loss was less on the experimental sides. In other words, there was less movement of the 

anchorage unit per millimetre of desired tooth movement. In terms of root resorption, the 

authors felt that the short term of the experiment precluded a definite conclusion, as root 

resorption has been found to be correlated to increased duration of force applications.  
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 Cohen et al55 compared two surgical techniques and orthodontic tooth movement, in 

foxhounds. They used a Hyrax screw from the maxillary canine to the maxillary 2nd premolar 

and turned it 0.5mm/day to protract the 2nd premolar. In one group no buccal or lingual 

corticotomies and only removal of bone from within the 1st premolar extraction socket was 

performed whilst in the other greater surgical trauma was performed with buccal, vertical and 

horizontal corticotomies being utilised. In essence, they found a difference of 1.8mm vs 

2.9mm in tooth movement over 15 days. Whilst at first glance, this might indicate that greater 

trauma increases the rate of tooth movement, the lack of damage to the periosteum or a 

sulcular incision would have Yaffe24 and Binderman63 arguing that there has not been the 

required strain relaxation of the fibroblasts in the marginal periodontium which would have 

illicited a greater RAP response.   

Flap only vs Flap + Corticotomy 

 Sebaoun et al31 suggest that RAP from surgical trauma is responsible for an osteopenic 

reaction of the bone, leading to increased tooth movement velocity, whilst bone matrix 

remains constant. However, there is still considerable debate over the extent and type of 

trauma necessary to achieve the desired outcomes. Yaffe24 suggested that flap surgery alone 

would be sufficient. In support of this, Binderman et al63 have commented that a 

coronal/sulcular incision induces significant alveolar bone remodelling whilst an apical 

approach does not. They suggest that the separation of dentogingival and interdental Sharpey 

fibres from the cementum is not only required but should itself stimulate alveolar bone 

resorption.  

 Binderman et al64 propose that detachment of those dentogingival and interdental 

fibres leads to osteoclastic upregulation on the inner aspect of the PDL whilst separation of 

mucoperiosteum from bone and corticotomy produces RAP. They believe that fibrotomy 

alone would suffice to stimulate alveolar bone resorption, leading to accelerated tooth 

movement and that corticotomy, whilst increasing the scope of bone resorption, is 

unnecessary.  

 This is in stark contrast to Sebaoun et al31 who argue that the level of RAP response 

would not be pervasive enough to enable rapid tooth movement. They observed that 

osteoclast counts around the surgical tooth (1st molar) were significantly greater than the 

contralateral and even the 3rd molar on the ipsilateral sides.  

 Pfeifer65 demonstrated osteoclastic activity of alveolar bone with both a full thickness 

and split thickness flap technique, but less osteoclastic activity with the split flap. In both 

cases, greater osteoclastic activity was observed along the PDL bone surface.  
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 In a rat experiment, Binderman et al66 compared a coronal surgical flap with an apical 

approach to determine if dissection of the papilla and dentogingival and dento-periosteum 

fibres (which occurs in the coronal approach but not in the apical approach) is a key 

determinant of the biological response. Using the contralateral side as the control side, they 

elevated the 2 different flaps in 18 rats, as detailed previously. In the apical approach group, 

they observed some resorption of the outer aspect of bone, with some apposition of bone at 

the alveolar crest. The coronal approach yielded an extensive resorptive phase, predominantly 

in the PDL surface of the alveolar bone. Increased osteoclasts and empty osteocyte lacunae 

and occlusion of blood vessels was observed. The authors concluded that elevation of 

mucoperiosteum was not responsible for alveolar bone loss but, rather, breakdown of the 

marginal gingival connective tissue.  

 To address this debate, Iino et al48 applied tooth movement to a corticotomy procedure 

and to a flap only procedure (which they termed the sham side). They found an increased 

tooth movement rate with the corticotomy procedure and that this was statistically significant. 

In fact, this difference was highly significant within the 1st week. However, the authors were 

rather unclear as to the nature of the flap – was there an intrasulcular incision? There was also 

no measurement of the anchorage loss experienced by the anchor tooth (in this case the 

canine).  

 In his impacted canine study comparing conventional exposure to a corticotomy 

procedure, Fischer40 demonstrated greater speed of tooth movement in the corticotomy group 

when compared to a flap only procedure. This would again seem to confirm that, indeed, bony 

cuts are required to induce the RAP required for gains in tooth movement over time. However, 

he too did not perform an intrasulcular incision.  

 

 Experimental studies demonstrate that the exposure of alveolar bone by flap elevation 

induces osteoclastic activity, with resulting bone loss. 67 In fact, a mean crestal bone loss of 

approximately 0.5mm has been reported, following flap surgery.68 Furthermore, it has been 

shown that extraction with a full thickness flap displays an additional 0.7mm tissue loss when 

compared to a non-surgical approach.69 Of particular interest is the finding by Fickl et al70, 

who showed a decrease in bone loss and osteoclastic resorption with the use of a partial 

thickness flap. However, the authors note that there was greater variability in the results of the 

split-thickness group. They discuss other factors which influence the amount of bone loss 

following flap preparation, as including the location of incision. Whether or not this lends 

itself in support of Yaffe24 and Binderman63 is debatable.  
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6. RATIONALE OF THE CURRENT 

STUDY 
 

Research Questions  

Considering the literature review above, the lack of evidence in certain areas poses 

some interesting questions. This project can’t attempt to answer all of them; however, a 

number of questions have been asked: 

- What bony changes does a flap procedure induce, in isolation, and how does this 

compare to a flap procedure with tooth movement? Does this influence the speed of 

tooth movement? 

- Similarly, what bony changes does a corticotomy procedure, in isolation, induce and 

how does this compare to a corticotomy procedure with tooth movement? Does this 

affect the speed of tooth movement? 

- Is there a difference in either the bone response or the rate of tooth movement between 

a flap or corticotomy procedure? 

Aims/Objectives of the Project  

 The main aims of this study were to evaluate the bone response to a flap procedure 

with and without tooth movement; and to evaluate the bone response to a corticotomy 

procedure with and without tooth movement. The rate of tooth movement was also evaluated 

between the flap and corticotomy procedure. To allow for biological analysis, a rat model was 

used. 

 Furthermore, a novel appliance was designed to allow buccal tooth movement, which 

has never before been used in a rat model.  

Hypotheses  

 The following hypotheses were made: 

- Tooth movement in isolation would not display bone loss or RAP to any observable 

level. 

- There would be observable bone loss and RAP following a flap procedure 

- There would be observable bone loss and RAP following a corticotomy procedure 
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- Tooth movement would be increased in both the flap and corticotomy cohorts 

- Tooth movement would not be significantly different between the flap and 

corticotomy cohorts 

Significance/Contribution to the discipline  

 To date, there has been minimal biological research into the corticotomy technique 

and as a result, it is impossible to be certain of this technique’s validity. Whilst there is 

biological plausibility in the method, this has yet to be proven and the risks have yet to be 

fully quantified and assessed. However, it would appear to be used clinically, especially in the 

USA where most of the anecdotal evidence originates, but it has yet to become a routine 

procedure. 

 The proposed research will improve knowledge in this area and give further weight to 

this technique’s applicability, if found to be advantageous.  

 Previous studies utilising animal research, to the best of our knowledge, have not 

considered a buccal direction of tooth movement, which is the most common type of tooth 

movement when considering treatment of non-extraction cases. Furthermore, there has been 

no study to date which has compared the use of a flap with a corticotomy procedure and this 

itself has generated heated debate in the literature.    

 Increasing our understanding of these procedures, in addition to benefiting our 

orthodontic treatment of these patients, will increase our knowledge of bone biology and its 

response to insult. It is yet to be seen if this may aid other treatments.  

Comments on a Rat Model 

 In any research which involves animals, it is always prudent to consider the 

differences between that animal and humans. It is well known that humans exhibit 

physiological tooth drift which is mesial, whilst rat molars drift distally. In addition, the 

interradicular bone is cancellous with osseous trabeculae enclosing a network of vascular 

channels continuous with the PDL- there is no lamina dura in the rat.7 Due to the rat’s small 

size, there are no secondary osteons and the marrow spaces are found only below the apical 

third of the roots. Furthermore, bone turnover is rapid, with 6 days being the duration of 

alveolar bone turnover in the rat mandible. The organization of the periodontal ligament has 

less resistance to mechanical load, when compared to humans71.  

 These differences highlight the need for caution when extrapolating results to humans. 

Furthermore, the forces used need to be adjusted to give a human comparison. It is generally 
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accepted that rat molars are in the order of 50 times smaller than human molars and, as such, 

force values should be multiplied as such, when converting from rats to humans. This would 

convert a 100g force in a rat, to approximately a 5kg force in a human. This is an extremely 

high force and to put this in perspective, when attempting orthopaedic movements, a total of 

800-900g of force is placed on the human maxilla. A recommended tipping force for a single 

rooted tooth (e.g. incisor) is 35g.4 Nevertheless, the use of 100g in a rat has been done in other 

research and was deliberate in this one. This would allow comparison to previous research 

using rats, both within this department72 and that done externally39,40. In fact, in all of the case 

reports, tooth movement is accelerated not only by the corticotomy procedure but also by 

decreasing the time between adjustment appointments and by increasing the forces placed 

onto the teeth. As previously stated, this allows continuation of the RAP. Furthermore, higher 

forces are expected to increase the amount of hyalinization experienced, whilst a corticotomy 

procedure would be expected to decrease this experience. Combining the two (large force and 

corticotomy) would exaggerate any response and allow for, hopefully, greater contrast in 

results.  

 The lack of marrow space is an anomaly which prevents a direct transfer of any 

reported corticotomy technique to the rat model. All of the techniques outlined in the 

literature require a depth of bone cut which removes the cortical bone, reaching medullary 

bone, with the clinical observation of bleeding from the bone itself. This is not possible in a 

rat model, as it is likely that the tooth root will be reached or an osteotomy performed, well 

before bleeding from the medullary bone occurs.  

 

 When considering our study, physiological stress, occlusal interferences and 

inflammation could influence the results. Also, the “anchorage loss” of the appliance at the 

incisor region undoubtedly affected the resultant force at the target molar. Furthermore, 

continuous eruption of the incisors, which is a physiological phenomenon, might affect the 

resultant force vector. We can’t account for these variables in the present study. 

 The use of an appliance can cause changes in chewing activities, leading to an altered 

distribution of mechanical loads, affecting the contralateral side, not just the experimental side. 

This is an argument against the use of a split mouth study. An argument for the use of a split 

mouth study is the possibility of compensating for individual variability.73  
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7. STATEMENT OF PURPOSE 
 With the paucity of biological data presented in the previous literature review, the 

current project attempts to support or refute the claims of accelerated tooth movement, using a 

rat model.  

 The principal aim, therefore, is to compare the rate of tooth movement over a 7 day 

period between control and experimental groups, using a novel appliance utilising a constant, 

high force.  

 In addition, the bone changes which take place due to the surgical procedure are to be 

compared with those under tooth movement in isolation and with no tooth movement. 

 

 The results of the study are presented in the following two papers: 
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Introduction  

It has long been recognised that the most desirable way to perform 

orthodontic tooth movement is as quickly as possible, without irreversible damage to 

the periodontal ligament, alveolar bone or the tooth root.1 To facilitate this, Kole2 in 

1959 described bony block movements following a corticotomy procedure. Whilst the 

surgical procedure may have undergone minor changes, it was the application of 

Frost’s3,4 characterisation of the regional acceleratory phenomenon (RAP) as the 

biological process behind this increased tooth movement by Wilcko et al,5 which has 

thrust it into the modern day limelight. Clinical research in this area includes every 

conceivable orthodontic tooth movement from intrusion6-9, extrusion10, protraction5,11, 

retraction12-14 and space closure15,16. 

Abstract  
Objectives 

To evaluate the rate of tooth movement between no surgery, raising a flap 
with and without a corticotomy procedure with non-tooth movement controls. 
 
Methods 

A total of 36 Sprague-Dawley rats were included in 3 non-tooth movement 
groups and 3 tooth movement groups: no surgery; flap surgery; corticotomy; no 
surgery + appliance; flap + appliance; corticotomy + appliance. Corticotomy was 
performed by a horizontal sub-apical groove on the buccal bone and extended 
vertically, mesial to the maxillary right first molar. An appliance with a 100g NiTi 
spring was placed to produce buccal tooth movement. The total experimental time 
was 7 days. Linear measurements were taken from polyvinylsiloxane impressions 
which were photographed using an Olympus stereomicroscope. 
 
Results 

When compared to matched controls, over 7 days, the tooth movement only 
group experienced an additional movement of 0.08mm, the flap group 0.29mm 
and the corticotomy group 0.38mm. Only the corticotomy group was statistically 
significantly greater, when compared to its matched control or the other control 
groups (p = 0.022). 

 
Conclusion 

A statistically significant effect of flap only or corticotomy procedure was not 
demonstrated, although there was greater tooth movement in the corticotomy 
group. 
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Some of the experiment-based research in this area suggests that indeed, a 

corticotomy procedure leads to transient osteopenia17, increased bone turnover18 and 

a decrease in the formation of hyalinization19.  

It has been suggested that RAP from surgical trauma is responsible for an 

osteopenic reaction of the bone, with a concomitant increase in tooth velocity20. 

However, there is still considerable debate over the extent and type of trauma 

necessary to achieve the desired outcomes. Yaffe21 suggested that flap surgery 

alone would be sufficient. In support of this, Binderman et al22 have commented that 

a coronal/sulcular incision induces significant alveolar bone remodelling, whilst an 

apical approach does not. They suggest that the separation of dentogingival and 

interdental Sharpey fibres from the cementum is not only required but should itself 

stimulate alveolar bone resorption.  

Binderman et al23 propose that detachment of those dentogingival and 

interdental fibres leads to osteoclastic upregulation on the inner aspect of the PDL, 

whilst separation of mucoperiosteum from bone and corticotomy, produces RAP. 

They believe that fibrotomy alone would suffice to stimulate alveolar bone resorption, 

leading to accelerated tooth movement and that corticotomy, whilst increasing the 

scope of bone resorption, is unnecessary. This is in stark contrast to Sebaoun et al20 

who argue that the level of RAP response would not be enough to enable rapid tooth 

movement, when elevating a mucoperiosteal flap in isolation.  

It should be kept in mind that RAP associated with orthodontic tooth 

movement alone has long been recognised24 but that maximising its effects is the 

goal with these interventions. The type and magnitude of surgical trauma required to 

increase the RAP to sufficient levels to increase the speed of tooth movement is still 

unclear. 

Therefore, the aim of this study was to evaluate the rate of tooth movement 

between no surgery, the flap and corticotomy procedure with controls. 

 

Materials and Methods  

 The study included a total of 36 male Sprague-Dawley rats obtained from 

Laboratory Animal Services (The University of Adelaide) with an average body 

weight of 262gms (range 169gm-367gm) and age between 6 to 8 weeks. The study 

protocol was approved by the University of Adelaide Animal Ethics Committee 

(Project no: M-2009-172 and M-2009-172B). All animals were housed at Animal 
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House Medical School (The University of Adelaide) where all live animal procedures, 

including surgeries, orthodontic appliance placement and animal sacrifice were 

performed. A softened rat chow pellet and chocolate spread diet was supplied, 

following the placement of the appliance and for the duration of the experiment. The 

rats were randomly assigned to one of 6 groups. 

 

 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

Appliance No No No Yes Yes Yes 

Surgery No Flap Corticotomy No Flap  Corticotomy 

 

In order to fabricate the appliance, inhalational anaesthetic (Isofluorane gas) 

was used to obtain polyvinylsiloxane impressions (Honigum, Gunz Dental, Australia) 

3 days before appliance placement. In addition, impressions were taken at appliance 

placement and at sacrifice for measurement of tooth displacement, utilising the same 

technique. These impressions and the dissected rat maxillae were photographed 

using an Olympus stereomicroscope (SZX2-ILLT, Tokyo, Japan) and captured  with 

Analysis software (v 5.1 (Build 1276), Olympus Soft Imaging Solutions, GMBH) and 

the pictures generated were measured using image J (1.43u, National Institute of 

Health, USA). 

The appliance was inserted under deep anaesthesia using 

Hypnorm/Hypnovel/Water in a 1:1:2 mix. Hypnorm® (fentanyl citrate, 0.315 mg/mL 

and fluanisone 10 mg/mL; Janssen-Cilag Ltd., High Wycombe, Buckinghamshire, UK) 

and Hypnovel® (midazolam hydrochloride, 5 mg/mL; Roche, Berne, Switzerland) are 

mixed separately with sterile water in a 1:1 ratio. Once mixed, the resulting solutions 

are mixed together, on a 1:1 basis. Each rat was given Temgesic® (buprenorphine 

0.3mg/mL; Reckitt Benchkiser Healthcare Ltd., Dansom Lane, Hull, UK) 0.05mg/mL 

at 1mL/Kg bodyweight by intraperitoneal injection, as required for pain management. 

All rats were monitored closely. 

In all rats, the experimental tooth was the right maxillary first molar. In the flap 

only group and in the corticotomy group, a full thickness flap was elevated on the 

buccal aspect (Figure 1). An intrasulcular incision along the buccal surface was 

extended from the right maxillary first molar, anteriorly in a mesial direction towards 

the edentulous area in front of this tooth and posteriorly, a vertical incision between 

the roots of the first and second maxillary molars. Magnification was used as required.  
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Fig 1. Photo of flap raising 

 

For the corticotomy group, a slow-speed hand piece and a ½ round bur 

(stainless steel) was utilised to create a trench the thickness of the bur and the depth 

of the bur extending from apices of the first molar horizontally and mesially to beyond 

the mesial root in an L shape (Figure 2).  

 
Fig 2. 3D surface rendering of microCT data showing corticotomy cut (arrow) 

 

A tissue glue, GLUture (60% 2-octyl and 40% N-butyl cyanoacrylate, Abbott 

Laboratories, North Chicago, USA) was used to apposition the flap and promote 

healing by primary intention (Figure 3).  
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Fig 3. Flap closure following GLUture application 

 
Each appliance was made individually to fit each rat. A stone model was cast 

from a PVS impression, from which a band was fitted over the maxillary incisors, a 

1.5mm diameter, ½ round wire (Dentaurum, Australia) soldered to the band to act as 

the major connector, and a plunger/tube (0.018-in) configuration soldered to the 

major connector (Figure 4).  

 
Fig 4. Appliance Design 

 
A 100g NiTi push coil spring (GAC Australia, Australia) was compressed with 

the plunger attached to the maxillary right first molar with a stainless steel ligature 

0.010-in (3M Unitek, Monrovia, USA). The ligature attaching the plunger to the 

maxillary right first molar was passed between the contact point of the first and 
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second molars, twisted tightly and composite resin (NeoBond, Dentsply GAC 

International, Bohemia, NY, USA) was used to bond the remaining pig-tail and 

plunger to the tooth; for both retention and comfort purposes. The band was 

cemented onto the incisors with Unitek Multi-cure Glass Ionomer (3M Unitek, 

Monrovia, USA) and light-cured with a halogen curing light (Figure 5).  

 
Fig 5. Inserted appliance 

 

A further two PVS impressions were taken (Figure 6), at appliance insertion 

and at sacrifice. These impressions were photographed with an Olympus 

stereomicroscope (SZX2-ILLT, Tokyo, Japan) and Analysis Software (v 5.1 (Build 

1276), Olympus Soft Imaging Solutions, GMBH) and measurements from the 

resultant pictures were performed, using image J software (1.43u, National Institute 

of Health, USA).  
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Fig 6. Honigum impression 

 

Seven days after placement of the appliance, each rat was sacrificed with 

lethal injection of Lethabarb Euthanasia Injection (60mg/mL with 1mL/Kg of a 

barbiturate derivative made by Virbac (Australia) as an i.p. injection). Following 

appliance removal and subsequent impression, the maxilla was dissected out (Figure 

7) and embedded in resin following a protocol outlined by the IMVS (SA Pathology) 

Bone and Joint Research Laboratory was performed. This included fixation, 

dehydration, defat and infiltration (Appendix 1).  

 
Fig 7. Diagram of points on the maxillary molars used to determine distance moved. Note: Although 

shown on the dissected maxilla for clarity, distances were measured off the impressions (red dots indicate 
cusp tips measured) 
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Statistical analysis 

Validity was tested by ANOVA (F test) of direct (from the maxilla) and indirect 

(from the impression) measures of intercuspal distances from 5 randomly selected 

samples. Technical error was determined by Bland-Altman testing of repeat 

measures from 5 randomly selected photographs of the impressions.  

Averages of intercuspal distances were calculated for each group to indicate 

changes over the 7 day duration of the study. Least squares means provided 

pairwise group comparison for significant interaction. Further group analysis used 

ANOVA. 

 

Results  

The points on the maxillary molars as shown in Figure 7 were identified on the 

PVS impression taken at appliance insertion and at sacrifice. These points were 

averaged out to measure the distance between the centroids of the left and right first 

molars (Table 1). 

Group Appliance Surgery Mean distance 

between centroids 

1 Nil Nil 0.31 

2 Nil Flap 0.18 

3 Nil Corticotomy 0.25 

4 Yes Nil 0.39 

5 Yes Flap 0.47 

6 Yes Corticotomy 0.63 

Table 1. Mean distances by group 
 

When comparing groups whilst matching for surgery performed, Group 4 

displayed +.08mm vs Group 1; Group 5 +0.29mm vs Group 2; Group 6 +0.38mm vs 

Group 3 (Figure 8).  
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Fig 8. Intermolar distance moved in appliance groups 

 

Least Squares Means for effect Group 

for significance p < 0.05 (highlighted) 

 

Dependent Variable: change in centroid distance 

Rats 1 2 3 4 5 6 

1  0.3091 0.6447 0.5837 0.2491 0.0222 

2 0.3091  0.5736 0.1341 0.0350 0.0017 

3 0.6447 0.5736  0.3263 0.1113 0.0074 

4 0.5837 0.1341 0.3263  0.5749 0.0909 

5 0.2491 0.0350 0.1113 0.5749  0.2252 

6 0.0222 0.0017 0.0074 0.0909 0.2252  

 Table 2. Least squares means by group in pairwire comparison looking for significant interactions 
 

The data were analysed by analysis of variance (ANOVA). The statistical test 

was the F-test. It can be concluded from Table 2 above that: 

• Group 1 is significantly different to Group 6. The mean change in cusp 

measure is significantly less for Group 1 compared to Group 6. 

• Group 2 is significantly different to Group 5 and Group 6. Once again, the 

mean change in cusp measure is significantly less for Group 2 compared to 

Group 5 and Group 6. 

• Group 3 is significantly different to Group 6 with Group 3 being smaller. 
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Source DF Type III SS Mean Square F Value Pr > F 

Surgery_ 2 0.08838820 0.04419410 0.88 0.4236 

Appliance 1 0.51871883 0.51871883 10.39 0.0031 

Surgery_*Appliance 2 0.13177617 0.06588808 1.32 0.2829 

Table 3. Interaction of Surgery and appliance. Statistical significance when p < 0.05 (highlighted) 
 

 

In this analysis the 6 groups have been grouped into their 3 x 2 factorial 

structure, corresponding to Surgery and Appliance. This analysis has found that 

there is no significant interaction between Surgery and Appliance (p=0.28).  

 

The main effect of Surgery was also not significant at the 5% level (p=0.42). 

The main effect of Appliance was statistically significant (p=0.003). Therefore, it can 

be concluded that those rats with an appliance had a greater change in distance 

between left and right centroids of the upper first molars compared to those without 

an appliance (Table 3). 

 

The ANOVA also analysed the maxilla (post-sacrifice) measurements 

compared to its corresponding impression at sacrifice and found no difference. This 

result indicates the difference between maxilla and impression measurements were 

not significantly different and so could be as accurate as each other. A separate error 

analysis was deemed unnecessary.  

 
Technical errors were assessed based on repeated analysis of 5 randomly 

chosen photographs, using a Bland-Altman test. For normally distributed differences, 

95% would be within ± 2 standard deviations. 

 

 Bias SD 
(of bias) 

95% Limits of 
Agreement 

p-
value 

MB Cusp (Retest - Original) 0.027 0.11 (-0.194, 0.247) 0.48 
midB Cusp (Retest - 
Original)   

-0.106 0.22 (-0.546, 0.334) 0.17 

DB cusp (Retest - Original)   0.007 0.02 (-0.033, 0.047) 0.87 
Mpa cusp (Retest - Original)   0.064 0.13 (-0.196, 0.324) 0.16 
Dpa cusp (Retest - Original)   0.059 0.14 (-0.221, 0.339) 0.23 

Table 4. Bland-Altman error analysis 
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 From Table 4 it can be seen that the levels of agreement are narrow for all 

measurements, with the exception of the midB cusp. This is an indication that the 

agreement between the original and the retest was not as accurate for this measure. 

Figures 9 and 10 indicate graphically this discrepancy between the midB cusp 

measurement compared to the DB cusp measurement. Nevertheless, it can be 

concluded that there is no significant difference between the original and retest of 

any measures.  

 

 
Fig 9. DB Cusp (Retest - Original) versus average of values measured by Retest and Original 
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Fig 10. MidB Cusp difference (Retest - Original) versus average of values measured by Retest and 

Original 
 

Discussion  

During the course of the experiment, 1 rat died due to anaesthesia, and the 

first 3 experimental rats had the plunger of the appliance fall out, before the design 

was modified to prevent this happening, by bending the end of the plunger (Figure 4). 

These 4 rats were all replaced and excluded from final analysis. These excluded rats 

are not expected to have changed the observed results.  

We observed only a small amount of tooth movement in the Group 4 

(appliance only) rats of 0.08mm above its matched control group, Group 1. This small 

amount of movement compares reasonably well with both Baloul17 et al 

(approximately 0.07mm over 7 days) and Lee et al25 (0.33mm over 21 days), within 

the 7 day time frame. Only Baloul et al17 and Lee et al25 have performed corticotomy 

combined with tooth movement experiments in a rat model. Comparisons with other 

studies would be incompatible. 

 In the Group 5 (appliance, flap surgery) rats, when related to its matched 

control group, 0.29mm additional tooth movement was observed. To our knowledge, 

there has been no other study comparing a flap procedure to controls, with regards to 

the rate of tooth movement in rats.   
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 The Group 6 (appliance, corticotomy) rats were the only group which 

displayed a statistically significant difference, when compared to it’s matched control 

group, Group 3, with an increase of 0.38mm.  Lee et al25 demonstrated less dramatic 

tooth movement changes in their corticotomy group compared with Baloul et al17. 

This could be explained by appliance breakages25. Lee et al25 found 0.3mm 

corticotomy-assisted tooth movement after 21 days, using a 100g spring. Baloul et 

al17 did not give an exact number in their article, but after 7 days, they found 0.7mm 

corticotomy-assisted tooth movement (vs approximately 0.07mm tooth movement 

only) using a 25g spring. Our results were 0.62mm corticotomy-assisted tooth 

movement after 7 days, which more closely aligns with Baloul et al17. However, it 

does not appear that Baloul et al17 had untreated controls and, therefore, did not take 

into account the possibility of untreated tooth drift. 

 From the results, we could not find a significant effect of either the flap or 

corticotomy procedure on the amount of tooth movement. Statistical significance was 

only detected when accounting for the appliance (Table 3). There are certain 

limitations to the current research, which could have led to this result. There is an 

uncertain amount of anchorage loss in the appliance, as such, the amount of 

movement experienced by the incisors is unknown. In addition, there was a larger 

than expected increase in the intermolar distance in the control groups; one possible 

explanation is the intermolar distance change in Groups 2 and 3 could have been 

affected by a form of stress shielding whereby the surgical procedure altered eating 

patterns due to pain. Although there was difficulty in landmark identification and 

some degree of parallax error, the error analysis suggests that these were not 

significant contributors.  

 It is well known that there is individual response to the same magnitude of 

force1. Although it has not been considered in the literature, it is possible that there 

would be individual response to the amount of trauma needed to induce a RAP 

response. Hence, in some, a flap alone would suffice, whilst in others, a corticotomy 

procedure may be needed. 

 A longer experimental period may have allowed greater discrepancy between 

the groups, magnifying the differences, and gaining statistical significances. However, 

this is the subject of future research. 

 In future research, a pre-treatment micro-CT, of the live animal would be 

preferable. This would allow for more valid comparison of bone densities pre- and 

post-experiment but, in addition, it would give 3D data on the tooth movement 
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achieved. Ideally, mini-screw anchorage would give skeletal anchorage and greater 

certainty to the magnitude of force but 3D data would supplement this. It is known 

that mini-screws are not absolutely stationary26 but skeletal anchorage would be 

preferable to unassessed tooth anchorage. 

 The most recent article utilising a rat model to observe corticotomy procedure 

combined with tooth movement is Baloul et al17. When compared to Baloul et al17 our 

results show greater tooth movement in the tooth movement only group and a similar 

amount of tooth movement in the corticotomy group, at the 7 day time point. This 

may be due to the force level we employed being 100g compared with their 25g force. 

In addition, Baloul et al17 utilised mini-screw anchorage to ensure anchorage loss 

was not a confounding factor and moved the left maxillary first molar in a mesial 

direction whereas we assessed buccal movement. The magnitude and position of the 

cortical trauma also differs. 

 

Conclusion  

A statistically significant effect of flap only or corticotomy procedure was not 

demonstrated, although there was a trend towards greater tooth movement in the 

corticotomy group.  
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Introduction  

 

Many attempts have been made to decrease overall treatment time of the 

average orthodontic case by increasing the speed of tooth movement1-3, amongst 

which a corticotomy procedure4 has been suggested. It was Kole,5 in 1959, who first 

described bony block movements following a corticotomy procedure. This first 

introduction of an additional surgical procedure was characterised by a belief that it 

Abstract  
Objectives 

To evaluate the bone response to a gingival flap procedure with and without 
tooth movement and to evaluate the bone response to a corticotomy procedure 
with and without tooth movement. Furthermore, to compare these bone changes 
with untreated and orthodontic tooth movement groups. 
 
Methods 

A total of 36 Sprague-Dawley rats were included in 3 control groups (no 
surgery; flap surgery; corticotomy) and 3 tooth movement groups (no surgery + 
appliance; flap + appliance; corticotomy + appliance). Corticotomy was performed 
by a horizontal sub-apical groove on the buccal bone and extended vertically, 
mesial to the maxillary right first molar. An appliance with a 100g NiTi spring was 
placed to produce buccal tooth movement. The total experimental time was 7 
days.  

Microcomputed tomography scans were performed and from these, a 
region of interest was outlined to include the interradicular bone and the widened 
periodontal ligament. Bone thresholding was used to cancel out the root. The 
micro-CT scan was performed with hydroxyapatite phantoms 250 mg HA/cm³ and 
750 mg HA/cm³ with 0.5mm aluminium filter and 22.2�m resolution scan. 

 
Results 
 There were no statistically significant differences between the different 
groups, when comparing sides, sub-regions, or surgeries. However, the left hand 
side (LHS; non-experimental side) compared to the right hand side (RHS; 
experimental side) of the controls were approximately 50:50. This ratio changed to 
40:60 in the tooth movement only group; 35:65 in the flap and tooth movement 
group; 30:70 in the corticotomy and tooth movement group. The corticotomy and 
tooth movement group approached statistical significance (p = 0.06).  
 
Conclusion 

Although greater than average demineralisation changes were seen in the 
corticotomy and flap groups, these did not reach statistical significance. This 
induced osteopenia is likely the reason for the increase in tooth movement. 
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was the cortical bone which increased the length of orthodontic treatment, by 

providing resistance to tooth movement5. This technique, which requires a surgical 

procedure, in addition to orthodontic appliances, fell out of favour until revived by 

Wilcko et al.4The surgical procedure itself has changed little since Kole’s5 

introduction but it was the application of Frost’s6,7 characterisation of the regional 

acceleratory phenomenon (RAP) as the biological process behind this increased 

tooth movement by Wilcko et al,4 which has reignited its popularity. Whilst biological 

research is in the minority, clinical research in this area now includes every 

conceivable orthodontic tooth movement from intrusion8-11, extrusion12, protraction4,13, 

retraction14-16 and space closure17,18. 

It has been suggested that RAP from surgical trauma is responsible for an 

osteopenic reaction of the bone, with a resultant increase in tooth velocity19. Some of 

the experiment-based research in this area lends weight to the suggestion that 

indeed a corticotomy procedure leads to transient osteopenia20, increased bone 

turnover2 and a decrease in the formation of hyalinization21. It should be kept in mind 

that RAP associated with orthodontic tooth movement alone has long been 

recognised22 but that increasing its effects is the goal with these interventions. Yet 

there is still uncertainty over the extent and type of trauma necessary to achieve 

sufficient RAP for increasing the speed of tooth movement. 

Yaffe23 and Binderman et al24 suggest that flap surgery alone would bring 

about sufficient RAP and they have commented that a coronal/sulcular incision 

induces significant alveolar bone remodelling whilst an apical approach does not. 

They suggest that the separation of dentogingival and interdental Sharpey fibres from 

the cementum is not only required, but should itself stimulate alveolar bone 

resorption, arguing that corticotomy in addition to this is not warranted. Furthermore, 

Binderman et al25 propose that detachment of dentogingival and interdental fibres 

leads to osteoclastic upregulation on the inner aspect of the PDL whilst separation of 

mucoperiosteum from bone and corticotomy produces RAP. As such, they assert that 

fibrotomy alone stimulates sufficient alveolar bone resorption to result in accelerated 

tooth movement and that corticotomy, whilst increasing the scope of bone resorption, 

is unnecessary.  

On the other hand, Sebaoun et al19 argue that the level of RAP response, 

when elevating a mucoperiosteal flap in isolation, would not be enough to enable 

rapid tooth movement.  
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Therefore, the aim of this study was to evaluate the bone response to a 

gingival flap procedure with and without tooth movement; and to evaluate the bone 

response to a corticotomy procedure with and without tooth movement. Furthermore, 

orthodontic only tooth movement bone changes will be compared to untreated 

controls. 

Materials and Methods  

 

 Following approval by the University of Adelaide Animal Ethics Committee 

(Project no: M-2009-172 and M-2009-172B), a total of 36 Sprague-Dawley rats were 

obtained from Laboratory Animal Services (The University of Adelaide). Average 

body weight was 262gms (range 169gm-367gm) and between 6-8 weeks old. The 

Medical School Animal House (The University of Adelaide) was where all animal 

housing, live animal procedures, including surgeries, orthodontic appliance 

placement and animal sacrifice were performed. Following the placement of the 

appliance and for the duration of the experiment a softened rat chow pellet and 

chocolate spread diet was supplied to minimise appliance damage.  

 

 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

Appliance No No No Yes Yes Yes 

Surgery No Flap Corticotomy No Flap  Corticotomy 

 

Inhalational anaesthetic (Isofluorane) was used to obtain polyvinylsiloxane 

impressions (Honigum, Gunz Dental, Australia) for appliance fabrication, at appliance 

placement and at sacrifice for measurement of tooth displacement.  

Deeper, injectional anaesthesic was required for appliance insertion, using 

Hypnorm/Hypnovel/Water in a 1:1:2 mix. Hypnorm® (fentanyl citrate, 0.315 mg/mL 

and fluanisone 10 mg/mL; Janssen-Cilag Ltd., High Wycombe, Buckinghamshire, UK) 

and Hypnovel® (midazolam hydrochloride, 5 mg/mL; Roche, Berne, Switzerland) 

were mixed separately with sterile water in a 1:1 ratio. Once mixed, the resulting 

solutions were mixed together, on a 1:1 basis. For pain relief, each rat was given 

Temgesic® (buprenorphine 0.3mg/mL; Reckitt Benchkiser Healthcare Ltd., Dansom 

Lane, Hull, UK) 0.05mg/mL at 1mL/Kg bodyweight by intraperitoneal injection, as 

required. All rats were monitored closely until recovery. 
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In the flap only group and in the corticotomy group (Groups 5 and 6), a full 

thickness flap was elevated on the buccal aspect (Figure 1). An intrasulcular incision 

along the buccal surface was extended from the right maxillary first molar, anteriorly 

in a mesial direction towards the edentulous area in front of this tooth and posteriorly, 

a vertical incision between the roots of the first and second maxillary molars. 

Magnification was used as required. 

 
Figure 1. Photograph of flap raising 

 

In the corticotomy group, a slow-speed hand piece and a ½ round bur 

(stainless steel) were utilised to create a trench the thickness of the bur and the 

depth of the bur, extending from the apices of the first molar horizontally and mesially 

to beyond the mesial root in an L shape.  
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Figure 2. 3D surface rendering of micro CT data showing close up of the corticotomy cut 
 

To apposition the flap and promote healing by primary intention, a tissue glue 

(GLUture, 60% 2-octyl and 40% N-butyl cyanoacrylate, Abbott Laboratories, North 

Chicago, USA) was utilised (Figure 3). Multiple applications of GLUture were 

occasionally required (maximum 3 applications) to achieve hemostasis.   

 
Figure 3. Flap closure with GLUture application 

 

To ensure a precise fit, an appliance was made individually for each rat. A 

stone model was cast from a PVS impression, to allow fabrication of a band around 
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the maxillary incisors. A 1.5mm diameter, ½ round wire (Dentaurum, Australia) was 

soldered to the band to act as the major connector and a plunger/tube (0.018-in) 

configuration was soldered to the major connector (Figure 4). A 100g NiTi push coil 

spring (GAC Australia, Australia) provided the buccally directed force.  

To attach the plunger to the maxillary right first molar, a ligature was passed 

between the contact point of the first and second maxillary molars (Figure 5), twisted 

tightly and composite resin (NeoBond, Dentsply GAC International, Bohemia, NY, 

USA) was used to bond the remaining pig-tail and plunger to the tooth for both 

retention and comfort purposes. Unitek Multi-cure Glass Ionomer (3M Unitek, 

Monrovia, USA) was used to cement the band. 

 
Figure 4. Appliance design 

 

Each rat was sacrificed with lethal injection of Lethabarb Euthanasia Injection 

(60mg/mL with 1mL/Kg dose of a barbiturate derivative made by Virbac (Australia) as 

an i.p. injection). The maxilla was dissected out and resin embedded following a 

protocol (Appendix 1) outlined by the IMVS (SA Pathology) Bone and Joint Research 

Laboratory.  
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Figure 5. Photo of appliance prior to cementation 

 

Following completion of the resin embedding process, micro-CT scans of the 

samples was performed utilising a Skyscan 1174 (Bone and Joint Research 

Laboratory, Institute of Medical and Veterinary Science, Adelaide) with 

hydroxyapatite standard blocks of 250 mg HA/cm³ and 750 mg HA/cm³ with 0.5mm 

aluminium filter and 22.2�m resolution scan. Reconstruction of the resulting scan 

was performed with 20% reduction in the maximum value of the dynamic image 

range, using NRecon (v1.4.4, Skyscan, Kontich, Belgium). Orientation of the scan 

was done using Dataviewer (v1.4.4, Skyscan, Kontich, Belgium) and CTAn (v1.8.05, 

Skyscan, Kontich, Belgium) was used to measure the gray levels of a defined region 

of interest (ROI).  A region of interest (ROI) was outlined using CTAn, in a transverse 

view. The ROI was outlined as shown in Figure 6. 

It was considered that including the entire PDL would be valid, as this would 

give a better indication of the increase of this space. After outlining the ROI (Figure 6), 

bone thresholding was performed to elucidate what was considered to be bone. To 

ensure inter-sample consistency, hydroxyapatite standards were included in each 

scan. It is known that different scans at different times, with the same sample can 

yield different results and even orientation of the sample can have an effect which 

can be further compounded by interoperator differences26. This is highlighted by the 

different values for the hydroxyapatite standards, even when scanned in isolation 

(Figure 8). Slight variations of scans can occur, but this is accounted for by scaling 

the raw numbers, using the hydroxyapatite standards as points of comparison. Bone 
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volume over total volume (BV/TV) was calculated as a fraction of the volume of 

interest that is occupied by mineralised bone.  

The ROI (Figure 6) was followed from the furcation region until the end of the 

shortest root (most often the mid-buccal). This comprised one region for the analysis. 

This region was divided into three parts, such that a coronal, mid-apical and apical 

third could be identified. This 1/3 length was duplicated beyond the apex of the 

shortest root to give a fourth, sub-apical region (Figure 7).  

 
Figure 6. Region of interest as outlined on micro-CT using CTAn software 
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Figure 7. Sagittal view of rat maxilla with indicators of root thirds. Zone 1 coronal third; zone 2 mid-

apical third; zone 3 apical third; zone 4 sub-apical third 
 

The group results were analysed using analysis of variance with a factorial 

treatment structure (for Surgery and Appliance). An F-test was used to determine the 

effect of Surgery, Appliance and the interaction. An error analysis was not performed; 

as each region of interest was saved in the software, any repetition of the readings 

would be identical. 

Results  

The differences in the hydroxyapatite standards as scanned in isolation are 

shown graphically in Figure 8. This range was due to the different times of at which 

scanning was performed and differing orientation of the standards. All other scanning 

conditions were kept unchanged (i.e. the same standards on the same machine were 

used). As the same standards were kept in every scan of each rat maxilla, they 

allowed alignment of the data between rats and the data were correlated accordingly. 

This variation allows valid, relative comparisons between scans made with the same 

standards from the same microCT scanner, but does not give an absolute value for 

external comparison.  
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Figure 8. Graph showing the between scan differences of the same hydroxyapatite standards due to 

different times and orientation of the standards 
 

 

The interaction between the different groups is displayed graphically in 

Figures 9 and 10. Parallel lines indicate similarity of bone mineral density changes, 

irrespective of appliance or surgery (Figure 9) on the left hand side (Region A). Non-

parallel lines indicate disconcordance (Figure 10) and possible significance on the 

right hand side (Region B). 

 
 



 80 

 
Figure 9. Graph with parallel lines which indicate nil difference between either surgery or appliance on 

the left hand side (non-experimental side) 
 

 
Figure 10. Graph with non-parallel lines indicating a possible difference between surgery (either flap or 
corticotomy) in the appliance group on the right hand side (experimental side). However, the p value was 
>0.05 (0.06 – approaching significance). For all other combinations, regardless of side, type of surgery or 
sub-region, there was no statistically significant difference  
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Figure 11. Overall left/right differences in Bone Mineral Density 
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Figure 12. Left/Right differences in Bone Mineral Density ratio 

 

 The right vs left hand comparison is again shown graphically in Figures 11 and 

12, along the averages of each group of rats. As stated previously, this was 

approaching significance in the Group 5 (appliance and flap) and 6 (appliance and 

corticotomy) rats.  

 A further sub-regional analysis was performed, with the results shown for the 

left hand side in Figure 13 and for the right hand side in Figure 14. While there was a 
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increase in the BV/TV in the Groups 5 and 6, the difference was not statistically 

significant when compared with the controls (Figures 15 and 16). 
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Figure 13. Intergroup comparison of sub-regions left side 
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Figure 14. Intergroup comparison of sub-regions right side 
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Figure 15. Bone Fraction BV/TV individual rats 
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Figure 16. Averaged Bone Fraction BV/TV by group of rats 

 

Discussion  

 

From the results, it appears that there is no statistically significant difference 

between a flap procedure and tooth movement compared with corticotomy procedure 

and tooth movement with regards to the bone density changes. There is a tendency, 

with only marginal statistical significance, for either of the surgical procedures and 

tooth movement having a greater osteopenic change compared to nil surgical and 

tooth movement. Unfortunately, these data do not give greater clarity on whether a 

flap only or a flap and corticotomy technique is needed to gain the biological 

response required. It is well known that there is a large individual variation in the 

speed of tooth movement. This variation naturally complicates the effect we see here. 

In addition, whilst this has not been tested, it is quite possible that for a particular 

individual (rat or human) any additional surgical procedure might prove less dramatic 

a change than others. Similarly, more surgical trauma may be required in some 

individuals to induce RAP. In other words, there could be individual variability to 

different surgeries; a flap may be enough in some, but not in others. This may be why 

there is such variation reported in the literature, with surgical recommendations 

ranging from pericisions to buccal and lingual corticotomies.  
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 An admitted drawback to the current study is the lack of a pre-treatment micro-

CT scan. Because surface remodelling could not be taken into account, only the 

inter-radicular bone was analysed. Our inter-radicular bone density compared with 

results shown by Lee et al27 contrasts because corticotomy alone displayed greater 

demineralisation compared with corticotomy and tooth movement; however, this was 

at 21 days. Direct comparison is not possible for many reasons due to direction of 

movement, surgical techniques and other methodological differences; however, it 

would seem unlikely, based on our findings of minimal demineralisation in our 

corticotomy only group at day 7, that demineralisation would continue to increase. 

One explanation for this may be that the surgical technique of Lee et al27 

demonstrated greater trauma; another example of the uncertainty between 

researchers and clinicians as to the amount of trauma needed and the individual 

response to that trauma, with regards to tooth movement.  

 In contrast to Lee et al27 our results do not show greater demineralization in 

the corticotomy alone group. Our results are directly opposite to those findings. Our 

observation was that demineralisation in the interradicular area was much greater 

following the addition of tooth movement, and the greatest demineralization was seen 

in the corticotomy combined with tooth movement group. It is uncertain whether their 

21 day observation versus our 7 day experiment, would explain these discrepancies 

totally. Further research is required to ascertain the reasons for this discrepancy. 

Baloul et al20 found a significant decrease in bone volume-to-total volume 

(BV/TV) at the 7 day timepoint. Whilst our results seem to conflict with their findings 

where the BV/TV in our corticotomy group with tooth movement increased, when 

comparing our groups overall, the BV/TV results in the current study were generally 

much lower. This could be related to the defined region of bone and the thresholding 

applied. This reasoning can also be extended to the bone mineral density in the 

current study being much lower (approximately 200-300 mg HA/cm³) when compared 

to Baloul et al20 (over 800mg HA/cm³). Any direct comparisons between their results 

and ours would be inappropriate. As stated earlier, our methodology allows for 

relative comparison of the scans made with the same scanner and same 

hydroxyapatite standards, but does not give absolute values for external 

comparisons. Why BV/TV increased in our observations could not be explained by 

the current experiment. One could speculate that this could be due to a systemic 

RAP effect, but further experimental evidence is needed to confirm or deny this.  
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A recent study by Milne et al28 demonstrated that osteopenia could be 

observed in rats with a sham appliance. The suggestion that the mere presence of an 

orthodontic appliance could stress shield and lead to osteopenia was made28. We did 

not address this in our study but future studies should consider this aspect.  

Conclusion  

Although greater than average demineralisation changes were seen in the 

corticotomy and flap groups, these did not reach statistical significance. This induced 

osteopenia could be the mechanism behind the proposed increases in tooth 

movement. 
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10. CONCLUDING REMARKS 
Research into corticotomy assisted orthodontics is still in its infancy. There is a need 

to move away from the case reports and case series of the present and future research should 

focus on well designed and executed, randomised, clinical trials. Specific questions which 

need answers are related to loss of anchorage, the stability of results, possible reduction in 

root resorption and, of course, further confirmation that the rate of tooth movement is indeed 

increased.  

Biological research will also be needed to ascertain the body’s response to the trauma 

caused. Further characterisation of the resorption side and the bone deposition side will give 

clarification to the questions of amount of trauma required and, eventually, increase the safety 

of the procedure whilst decreasing unnecessary trauma and other side effects.  

In addition, the recent addition of other less traumatic means of increasing the speed 

of tooth movement include vibration (Acceledent). Further research confirming vibration as a 

method to increase tooth movement, may make a corticotomy procedure obsolete, unless 

there are other biological reasons to do so. The ability to expand the soft tissue envelope with 

a corticotomy combined with bone graft was unexplored in this study but is of great interest. 

As yet, no published study has combined the use of vibration and a corticotomy procedure. 

Whether there are any benefits to this remains unknown but, undoubtedly, experiments of this 

kind will appear in due course.  

Of greater relevance to this department, further research could include greater use of 

the micro-CT data to give a better understanding of the animal model which we have used. 

Immunohistological analysis, married with the micro-CT data produced would enhance this 

understanding. Further into the future, if the same animal model is to be utilised, different 

force levels, especially one closer to that used in humans, would be of interest and greater 

clinical relevance. The use of a bone graft would increase this clinical relevance further, as 

this is what is being practiced and advocated today. Whether the soft tissue envelope can be 

expanded beyond its inherited means and whether safety of the periodontium and tooth root 

can be assured, are all important aspects which remain to be resolved.  

Another aspect which requires further attention is the concept of stress shielding, as 

suggested by Milne et al1, and a sham appliance could be placed to investigate this. Further 

                                                 
1 Milne T, Ichim I, Patel B, McNaughton A, Meikle MC. Induction of Osteopenia during Experimental Tooth movement in 
the Rat: Alveolar bone Remodelling and the Mechanostat Theory. Eur J Orthod 2009:221-231 
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development of this concept might also include stress shielding subsequent to pain avoidance 

behaviour. 
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11. APPENDICES 
Appendix 1 – Procedure for resin embedding from IMVS (SA Pathology) Bone and 
Joint Research Laboratory 
 
Set Up 

1. Make enough alcohol solutions 
2. Ensure there is enough MMA, PEG-400 (hardener) and perkadox (initiator) 

 
Method 

1. Fixation 70% ethanol – 24hrs 
2. Dehydration 

Ethanol concentration Time under vacuum 
(days) 

70%  1 
85% 1 
85% 1 
95% 1 
100% 1 
100% 1 

3. Defat/removal of ethanol – Acetone – 2 days with lid on 
4. Infiltration 

Solution Time under vacuum (days) 
MMA 1 
MMA (100%) and PEG-400 (10%w/v) 14 

5. Embedding – MMA (100%) + PEG-400(10%) + initiator (perkadox 16, 0.4% w/v) – 
approximately 2 days in oven at 37°C with lids on tight and in a container of water. 
Ensure containers are not floating, use weights to keep blocks secure. 2 days 
approximately is the time period for full polymerisation.  

 
 
Appendix 2 
Composition/Information of Lethabarb 
 
Ingredients CAS No Conc,% TWA (mg/m3) STEL (mg/m3) 
Pentobarbital 
sodium 

57-33-0 29.7 not set not set 

Other non- 
hazardous 
ingredients  
 

secret <10 not set not set 

Water 7732-18-5 to 100 not set not set 
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Appendix 3 – Materials Used 
 
Hypnovel (Midazolam) 
 
Hypnovel is a benzodiazepine, a short-acting central nervous system depressant which 
induces sedation, hypnosis, amnesia and anaesthesia2. 
 
Unitek Multi-Cure Glass Ionomer Orthodontic Band Cement 
 
Unitek GIC is a two-part, powder/liquid glass ionomer cement for orthodontic banding. The 
powder is radiopaque, fluoroaluminosilicate glass. The liquid is a light sensitive, aqueous 
solution of a modified polyalkenoic acid3.  
 
Honigum – Heavy 
 
Honigum – Heavy is an addition curing polysiloxane with silicon dioxide, food pigments, 
additives and platinum catalyst. It is stable for months after impression taking without loss of 
accuracy4. 
 
GLUture topical tissue adhesive 
 
GLUture is a topical tissue adhesive (60% 2-octyl and 40% N-butyl cyanoacrylate) and 
contains a thickener and stabilizers. It polymerizes to form a thin, flexible, waterproof 
bridge/bandage. The formation of the tissue bridge holds the approximated wound edges 
together. It is sloughed naturally as the incision heals5.  
 
Appendix 4 – Measurement of intermolar distances (in mm) 
 
 
 

MB 
cusp 

midB 
cusp 

DB 
cusp 

Mpa 
cusp 

Dpa 
cusp 

Mpa 
groove 

Mid-Pa 
groove 

Dpa 
groove 

Initial Rat 1.1 5.933 7.337 6.724 4.665 4.955 4.654 4.151 4.892 
Final Rat 1.1 6.79 7.59 7.65 5.224 5.57 5.067 4.572 5.555 
Initial Rat 1.2 6.555 7.519 6.779 4.923 5.159 4.667 4.284 5.075 
Final Rat 1.2 6.796 7.821 7.08 5.309 5.509 5.2 4.614 5.259 
Initial Rat 1.3 5.061 7.627 7.111 4.55 5.326 5.075 4.533 5.204 
Final Rat 1.3 5.465 7.714 7.155 4.63 5.764 4.982 4.529 5.293 
Initial Rat 1.4 6.074 6.896 6.465 4.927 5.105 4.467 4.104 4.919 
Final Rat 1.4 6.489 7.062 6.443 5.059 5.192 4.696 4.313 5.098 
Initial Rat 1.5 6.354 6.914 6.454 4.955 4.958 4.738 4.239 4.576 
Final Rat 1.5 6.638 7.698 6.686 5.183 5.28 4.967 4.424 5.145 
Initial Rat 1.6 6.454 7.142 6.578 4.984 5.104 4.734 4.25 4.688 
Final Rat 1.6 6.525 7.57 6.668 5.124 5.194 5.044 4.506 4.806 
Initial Rat 2.1 6.38 7.508 7.562 4.896 5.302 4.954 4.411 5.253 
Final Rat 2.1 6.531 7.332 7.422 5.225 5.462 5.144 4.647 5.435 
Initial Rat 2.2 6.469 7.422 7.123 5.009 5.275 4.955 4.54 5.207 
Final Rat 2.2 6.923 8.166 7.508 5.142 5.466 5.112 4.565 5.345 
Initial Rat 2.3 6.685 7.748 6.946 4.879 5.254 5.102 4.674 5.611 
Final Rat 2.3 6.785 7.981 7.08 5.082 5.509 5.135 4.729 5.506 
Initial Rat 2.4 6.809 8.03 7.136 5.121 5.516 5.225 4.583 5.543 

                                                 
2 Roche. Hypnovel 
3 Unitek M. Unitek Multi-Cure Glass Ionomer Orthodontic Band Cement. 
4 DMG. Honigum - Heavy. 
5 Laboratories A. GLUture Topical Tissue Adhesive. 
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Final Rat 2.4 7.075 8.146 7.219 5.253 5.412 5.235 4.526 5.503 
Initial Rat 2.5 6.713 7.951 7.15 5.179 5.45 5.185 4.836 5.725 
Final Rat 2.5 7.108 8.341 7.431 5.421 5.687 5.519 4.974 5.998 
Initial Rat 2.6 6.218 7.311 6.609 4.79 5.139 4.79 4.177 4.784 
Final Rat 2.6 6.251 7.081 6.648 5.077 5.24 4.86 4.229 5.056 
Initial Rat 3.1 6.408 7.579 6.66 4.709 5.081 4.954 4.307 5.334 
Final Rat 3.1 6.698 8.086 6.891 4.88 5.099 5.139 4.467 5.293 
Initial Rat 3.2 6.401 7.662 6.669 4.927 5.031 4.853 4.507 5.202 
Final Rat 3.2 6.66 8.005 6.873 4.947 5.187 5.189 4.465 5.297 
Initial Rat 3.3 6.104 7.261 6.667 4.785 4.894 4.884 4.398 5.579 
Final Rat 3.3 6.54 7.692 6.73 4.894 5.151 5.008 4.51 5.597 
Initial Rat 3.4 6.685 7.603 6.672 4.768 4.648 4.945 4.363 5.113 
Final Rat 3.4 6.926 7.993 6.908 4.967 5.272 5.059 4.618 5.39 
Initial Rat 3.5 6.825 7.373 6.69 5.003 5.13 5.1 4.575 5.226 
Final Rat 3.5 7.097 7.9 7.052 5.263 5.211 5.243 4.675 5.459 
Initial Rat 3.6 6.279 7.094 6.33 4.505 4.854 4.525 4.062 5.036 
Final Rat 3.6 6.514 7.268 6.421 4.85 4.949 4.138 4.258 4.961 
Initial Rat 4.1 7.036 7.93 7.35 5.584 5.897 5.513 5.081 5.732 
Final Rat 4.1 7.407 8.142 7.431 5.716 6.069 5.535 5.15 6.411 
Initial Rat 4.2 6.555 8.102 7.276 5.18 5.492 4.869 4.528 5.549 
Final Rat 4.2 6.575 7.112 6.489 5.067 5.335 4.917 4.269 4.59 
Initial Rat 4.3 6.658 7.437 6.838 5.254 5.588 4.948 4.533 5.242 
Final Rat 4.3 6.614 7.677 7.041 5.427 5.556 5.512 4.907 5.586 
Initial Rat 4.4 7.04 8.11 7.206 5.359 5.759 5.361 4.737 5.563 
Final Rat 4.4 7.476 8.579 7.887 5.962 6.258 5.83 5.107 6.067 
Initial Rat 4.5 6.927 7.729 7.049 5.2 5.461 5.034 4.431 5.419 
Final Rat 4.5 7.082 7.969 7.475 5.691 5.848 5.349 4.849 5.864 
Initial Rat 4.6 6.773 7.864 7.019 5.219 5.42 4.967 4.595 5.272 
Final Rat 4.6 7.578 8.347 7.62 6.076 6.205 5.902 5.17 5.754 
Initial Rat 5.1 6.346 7.425 6.636 4.917 5.064 4.769 4.271 4.849 
Final Rat 5.1 6.909 7.844 6.979 5.151 5.398 5.06 4.462 5.215 
Initial Rat 5.2 6.481 8.044 6.826 4.998 5.229 4.811 4.426 5.316 
Final Rat 5.2 7.268 8.409 7.558 5.704 6.071 5.553 5.091 5.802 
Initial Rat 5.3 7.284 8.001 7.286 5.571 5.593 5.418 4.726 5.415 
Final Rat 5.3 7.36 8.261 7.531 5.854 6.122 5.591 5.081 5.883 
Initial Rat 5.4 6.538 7.777 6.821 5.038 5.319 4.761 4.589 5.359 
Final Rat 5.4 7.246 8.411 7.492 5.841 5.809 5.34 5.088 6.032 
Initial Rat 5.5 6.895 8.071 7.028 5.218 5.231 5.172 4.705 5.446 
Final Rat 5.5 7.006 8.171 7.304 5.523 5.877 5.601 4.938 5.584 
Initial Rat 5.6 6.903 7.82 7.168 5.315 5.478 5.107 4.686 5.389 
Final Rat 5.6 7.61 8.383 7.545 5.666 6.002 4.86 4.893 5.624 
Initial Rat 6.1 6.368 7.572 6.61 4.981 5.194 4.845 4.49 5.064 
Final Rat 6.1 7.393 7.982 7.178 5.299 5.456 5.235 4.691 5.377 
Initial Rat 6.2 6.14 7.234 6.582 4.781 5.169 4.83 4.375 5.001 
Final Rat 6.2 6.416 7.901 7.197 4.976 5.243 4.892 4.402 5.341 
Initial Rat 6.3 6.955 8.102 7.689 5.488 5.798 5.304 4.931 5.863 
Final Rat 6.3 7.373 8.607 7.717 5.595 5.869 5.546 5.285 6.166 
Initial Rat 6.4 7.215 7.964 7.121 5.052 5.181 5.086 4.635 5.295 
Final Rat 6.4 8.243 9.194 8.346 6.625 6.81 6.311 5.913 6.637 
Initial Rat 6.5 6.383 7.573 6.797 4.668 4.931 4.878 4.164 5.167 
Final Rat 6.5 6.968 8.333 7.331 5.311 5.435 5.156 4.697 5.974 
Initial Rat 6.6 6.421 7.514 6.353 5.087 5.216 4.918 4.27 5.163 
Final Rat 6.6 7.349 8.436 7.515 5.308 5.371 5.376 4.768 5.649 
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Appendix 5 – Measurement of bone density (mg HA/cm³) 
 
Rat 
Group LHS LHS % 

LHS Region 
1 

LHS Region 
2 

LHS Region 
3 

LHS Region 
4 

1 176.02 47.86 170.25 168.82 196.10 168.76 
2 198.93 48.72 202.35 213.91 220.36 195.34 
3 272.27 53.35 264.96 277.96 290.65 260.92 
4 241.55 62.16 229.68 237.16 246.95 210.03 
5 255.88 66.40 262.96 271.96 293.88 231.65 
6 315.43 70.86 283.79 282.97 322.33 251.82 

 
 
Rat 
Group RHS RHS % 

RHS Region 
1 

RHS Region 
2 

RHS Region 
3 

RHS Region 
4 

1 191.79 52.14 176.27 187.69 211.61 156.43 
2 209.42 51.28 217.33 215.64 229.59 196.91 
3 238.08 46.65 206.42 233.30 238.40 203.27 
4 147.04 37.84 134.00 145.53 153.23 125.77 
5 129.47 33.60 128.76 122.88 131.43 127.20 
6 129.70 29.14 144.95 188.81 121.54 141.70 

 
 
Appendix 7 – Bone Fraction (BV/TV) 
 
 LHS RHS    LHS RHS 
Rat 1.1 10.94872 11.70657   Rat 4.1 16.01091 18.09253 
Rat 1.2 12.62651 14.25916   Rat 4.2 12.43659 11.87016 
Rat 1.3 11.98533 11.42831   Rat 4.3 13.0934 11.48298 
Rat 1.4 13.11554 10.50726   Rat 4.4 11.19849 12.64023 
Rat 1.5 12.79049 14.81602   Rat 4.5 16.94933 19.0934 
Rat 1.6 12.14652 13.67014   Rat 4.6 12.35671 10.25455 
Rat 2.1 9.02326 12.59832   Rat 5.1 18.27645 19.30928 
Rat 2.2 10.90204 10.09887   Rat 5.2 13.07491 22.42619 
Rat 2.3 9.96828 11.843   Rat 5.3  13.00817 13.33874 
Rat 2.4 14.68969 13.99404   Rat 5.4 17.64238 15.70735 
Rat 2.5 12.12599 13.9284   Rat 5.5 14.36413 12.46174 
Rat 2.6 13.64828 12.59494   Rat 5.6 9.93053 14.88578 
Rat 3.1 13.50902 16.08817   Rat 6.1 10.60611 17.14003 
Rat 3.2 11.77746 15.47299   Rat 6.2 10.74942 18.28836 
Rat 3.3 10.12381 14.43108   Rat 6.3 13.39595 18.08688 
Rat 3.4 15.03869 12.85821   Rat 6.4 14.22644 15.81248 
Rat 3.5 15.92832 16.00575   Rat 6.5 10.11316 19.42681 
Rat 3.6 12.11712 15.69099   Rat 6.6 16.68538 21.30116 

 
 
Bone Fraction (BV/TV) by rat group 
 
 LHS RHS 
Rat Grp 1 12.26885 12.73124 
Rat Grp 2 11.72626 12.5096 
Rat Grp 3 13.0824 15.0912 
Rat Grp 4 13.67424 13.90564 
Rat Grp 5 14.38276 16.35485 
Rat Grp 6 12.62941 18.34262 
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