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ABSTRACT 

 

The use of mini-screws (MSs) as temporary anchorage devices (TADs) is 

becoming more common in orthodontic treatment. With the increased use of TADs and 

the numerous manufactures producing them, research is needed to aid orthodontists in 

their selection of MSs.  One of the major advantages of using mini-screw implants is that 

they can be loaded immediately and do not require osseoitegration.1 For this to be 

successful, the mini-screw needs to have adequate primary stability to retain itself in the 

bone. The mini-screw bone system relies on the stability of the mini-screw, the stability 

of the bone, and the stability of their interface.19,20 In the literature, this stability if usually 

quantified by measuring the pullout force, insertion torque and bone-to-implant 

contact.25,26   

To date, much of the research has demonstrated that the geometric configuration 

of the mini-screw plays a significant role in its primary stability. Features such as pitch 

(length between threads), thread body design, screw length and diameter factor into 

primary stability.5,21,23 In order to observe the bone-to-implant contact traditionally, 

researchers had to perform histologic section. This method is destructive to the sample 

and does not allow it to be used for other analyses such as pullout force. With micro-CT 

technology, it is now possible to study the bone-to-implant relationship without 

destroying the sample and with great accuracy.6 Currently, it is unclear as to the optimal 

scanning specification to choose when using a micro-CT to measure bone-to-implant 

contact. The optimal scan is one, which provides the most accurate measurement within 

the least amount of time. The highest quality scans increase both time and costs of 
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acquisition, while lower quality scans have the potential of introducing inaccuracies. This 

study aims to determine the optimal specifications needed to scan a mini-screw in bone 

using a SkyScan 1172 micro-CT, to measure the bone-to-implant contact. 

A total of three orthodontic mini-screws from Aarhus (American Orthodontics, 

Sheboygan, Wisc), 1.4 mm in diameter and 8 mm long were inserted into an adult pig 

mandible. All three mini-screws were inserted into the lingual area in the molar region. 

Each mini-screw was inserted until all the threads were buried into the bone. After 

placement, the blocks of bone containing the individual mini-screw were cut out and 

shaped to facilitate scanning by micro-CT. Each sample was be positioned and scanned 

individually using micro-CT (SkyScan 1172; SkyScan, Aartselaar, Belgium) under 5 

different specifications, see table 1.  

SkyScan software was used to process the scans and calculate qualitative and 

quantitative data. For each sample bone-to-implant contact was measured. The software 

measured the TS, which is the area of the mini-screws surface and the IS, which is where 

the bone interfaces with the mini-screws. The IS/TSx100 was determined to be the 

percentage of the mini-screws surface that is in contact with bone or the bone-to-implant 

contact. Qualitative and quantitative analyses were performed to determine statically 

significant differences between the various bone-to-implant contact measurements of the 

samples. 

BIC varied greatly between the scanning specifications and samples, from 0% to 

70.35%. Quantitative and qualitative analysis was performed to compare the differences 

in BIC(%) values between the 5 specifications. Two of the three samples displayed an 

accuracy of greater than 95% for specification 3, thus providing latitude in 
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adjustment/reduction of scanning times with minimal variance in data accuracy for 

BIC(%). 

The results show for measuring BIC(%), scanning specifications can be 

modified/optimized to reduce scanning time while maintaining acceptable accuracy when 

scanning of large sample sizes are needed.  

It is recommended that for studies where absolute BIC(%) is needed, specification 

5 is recommended since it will provide the most accurate measurement. For studies that 

are comparing changes in BIC(%), specification 3 is recommended as it will provide an 

acceptable level of accuracy in a reasonable amount time. However, due to limited 

sample size, more data is needed. 
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CHAPTER 1 

INTRODUCTION 

In orthodontics one of the greatest challenges is being able to limit unwanted 

tooth movement and maximize desired tooth movement. The term used to describe this 

quality is, Anchorage Control. Throughout history orthodontists have utilized cleaver 

mechanics, headgears, various transpalatal arches and removable appliance to help with 

this issue. However, each has its benefit and weakness.1 

In 1997, Kanomi et al. introduced mini-screws into orthodontics as a way of 

avoiding unwanted tooth movement and maximizing anchorage control.2 These mini-

screws are designed to be inserted into various locations in the alveolar bone and have 

force applied to them in a controlled manner without inadvertently affecting the other 

teeth. Due to their relatively small size, compared to implants and onplants, they can be 

placed in a simple, less traumatic way. Since their cost is relatively low compared to 

traditional implants, they are designed to be in place for a temporary amount of time, 

loaded immediately, and discarded after use.3    

Due to their variable sizes, designs, sites of placement, methods of placement, 

various clinical applications and the range of applied forces, the success rate for mini-

screws in orthodontics ranges from 59.2% to 100% depending on the study cited. The 

overall failure rate is about 13.4% with a 56% greater risk of failure in the mandible 

compared to the maxilla.30 With this great range in survival rate it is clear there are many 

factors the influence the survival and success of the mini-screw. Since the biological 

variable such as bone density, volume, and location are factors that are difficult to 

control, it is logical to look at the mini-screw design and its interface with the bone for 
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insight into its survival. By studying this interaction, the ideal mini-screw thread design 

can be manufactured. Traditionally when studying mini-screws and its primary stability, 

researchers have used mechanical measurements such as pullout strength and maximum 

insertion torque to measure the primary stability.5 Other researchers that wanted to look 

at the bone-to-implant contact for the mini-screws had to use histomorphometrics. This 

method is a destructive process of looking at the screw-bone relationship under a 

microscope. The limitation with this technique is that it destroys the sample, not allowing 

for other tests of primary stability to be performed on the sample. Furthermore, the 

histomorphometric analysis ignores most of the surface area of the screw because the 

section is observed in two dimensions.6   

Recently, a new technique has been used to measure the bone-to-implant contact 

of mini-screws using the micro-CT. This three-dimensional radiograph allows evaluation 

at the interface between the bone and the mini-screw. Like with any radiograph, there is a 

risk of distortion and artifacts that can lead to inaccuracy. Before the micro-CT can be 

used as the new standard for measure bone-to-implant contact it must be compared to the 

current standard of morphometrics.6 However, even before that comparison can be made, 

the first step is to find the optimal scanning specification for measuring bone-to-implant 

contact using a micro-CT. The optimal scanning specification is one that provides 

repeatable measurements, great accuracy in measure bone-to-implant contact, and is not 

excessively complex or time consuming. With this set standard, future research can be 

performed to determine if measuring bone-to-implant contact using a micro-CT can be 

the new gold standard for assessing primary stability.  

To date there have been a limited number of studies that have used micro-CT 
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technology to measure bone-to-implant contact of implants and compared its accuracy to 

histomorphometrics.6,14,15,28,29 The problem is that there is no standard specification or 

guidelines in place that that will provide the best quality scan for measure bone-to-

implant contact in a short enough time period that would be realistic for use in research. 

The current studies vary greatly in their voxel size, filtration, KeV, and scan times. 

Therefore, before any further research is done using micro-CT to measure bone-to-

implant contact an initial pilot study was conducted in order to obtain the micro-CT 

specifications that would provide the most accurate data in an acceptable amount of time.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

 

2.1 Orthodontic Anchorage Types 

In orthodontics one of the greatest consideration in the successful treatment of a 

case is anchorage control. Anchorage is defined as “the resistance to unwanted tooth 

movement”. 1 Isaac Newton’s third law of motion states, that for every action there is an 

equal and opposite reaction. This has significance in orthodontics in that if you want to 

move a tooth in a certain direction the anchorage will determine if these equal and 

opposite effect are of benefit or a hindrance.  

There are four sources from which anchorage can be derived. These sources are 

the teeth, the oral mucosa or underlying structures, extra-oral sources, and implants. 

When using the teeth themselves for orthodontic anchorage the clinician wants to focus 

the force on the tooth whose movement is desired and dissipate the reciprocal force over 

as many teeth as possible. The force excreted on the tooth is transferred to the periodontal 

ligament (PDL). There is a threshold pressure, which if not reached, would produce no 

tooth movement. By displacing the force over as many teeth and as much surface area of 

PDL, anchorage can be maximized. For tooth borne anchorage there is inter-maxillary 

anchorage and intra-maxillary anchorage. The inter-maxillary anchorage utilizing teeth in 

the same dental arch and the latter utilizing teeth in the opposing arch. 1,36 

To improve or add anchorage the oral tissue and underlying bone can be used. An 

appliance such a Nance palatal arch can be incorporated. For this appliance a trans-palatal 

arch is braced to the depth of the palatal vault but an acrylic button that attaches to it. 
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This appliance and appliances similar to this one improve anchorage by incorporating 

non-tooth structures to help dissipate the undesired force. A drawback to such a strategy 

is an individual with thick palatal tissue or a shallow palatal vault. In such an individual 

this type of appliance would have decreased anchorage than an individual with this 

ridged tissue and a deep palatal vault.36 

Extra-oral anchorage or more commonly known as “headgear” can be used with 

either removable or fixed appliances. The extra-oral anchorage devices place force on 

various areas of head and neck and transfers that force to the teeth via a face-bow. 

Elastics or springs generate the force that is exerted on the teeth. Using a cervical, 

occipital, combination or reverse pull headgear, various force vectors can be created. One 

of the drawbacks from this type of anchorage is patient compliance and certain force 

vectors may be difficult or impossible to achieve. 36 

Most recently implants, in various forms, have been used to provide skeletal or 

absolute anchorage. Implants can be categorized according to their size and shape, their 

osseointegration and their clinical application.37 The terms mini-implants, mini-screws, 

palatal implants, micro screw implant, and micro-screws can be used interchangeably. 

These terms are used to describe the implants that are used for intraoral extradental 

anchorage or as a temporary anchorage device. 3 Micro-screws for orthodontic use should 

be simple to place, simple to remove, biocompatible and small enough to be placed 

interradicularly. 2,3  

Mini-screws can be inserted into bone, have a wire or bar connecting the mini-

screw to the reactive unit to act as an indirect anchor, or the micro-screw can have force 

placed on it directly and act as a direct anchor. Mini-screws can be used in situations 
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where absolute anchorage is needed such as: intrusion, extrusion, molar uprighting, molar 

distalization and space closure.35 

 

2.2 History and development of implants as a type of orthodontic anchorage 

Even though the use of mini-screws in orthodontics has only gained mainstream 

use in the last two decades, the idea has been around for much longer. In 1945, 

Gainsforth and Higley were the first to describe the use of anchored screws to bone for 

the purpose of obtaining absolute orthodontic anchorage. In their experiment they used 

vitallium screws inserted into the ramus of six dogs and applied orthodontic traction to 

the maxilla using elastics. 32  It was not until 1983, that the first clinical use of metal 

screws for orthodontic anchorage was reported. Creekmore and Eklund use vitallium 

screws placed in the anterior nasal spine of a patient with the deep bite to successfully 

intrude the maxillary incisors. 33 Even with the successful treatment, the use of skeletal 

anchorage was not widely accepted because of lack of knowledge and understanding of 

the technique.   

During the next decade much progress was made with titanium dental implants 

for restoring edentulous spaces. Kanomi recognized both the benefits and shortcomings 

of the dental implants. In 1997, he introduced the first mini implant for orthodontic 

anchorage. He stated that a mini implant should be small enough to place in any area of 

alveolar bone, it should be easy and atraumatic enough to be placed by an orthodontist or 

general dentist, and it should be easy to remove. The mini implants he introduced were 

1.2mm in diameter and 6mm long. This was small compared to traditional dental 

implants that were 3.5-5mm in diameter and 11-21mm long. They were small enough to 
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be placed between two mandibular incisors in a patient. The titanium mini implant was 

used to intrude the mandibular incisors 6mm in four months with no root resorption or 

periodontal pathology present. Furthermore, there was no reported discomfort to the 

patient.2 

Since Kanomi’s contribution the use of mini implants in orthodontics has 

continued to grow. The small size and relatively simple placement procedure paved the 

way for cleaver and creative ways of applying force to move teeth. Currently mini-screws 

are being used routinely for molar intrusion, molar distalization, en mass retraction and 

anterior intrusion.34 Today there are mini-screws available in may sizes and shapes. Their 

lengths vary from 5-12mm and the diameters range from 1.2 to 2.3mm. 35 

With many different options and the various locations they can be placed, 

orthodontists can use titanium mini-screws to move teeth in ways that may otherwise 

have been impossible. 

 

2.3 Mini-Screw Design 

Mini-screws for orthodontics anchorage differ from traditional dental implants in 

that mini-screws are loaded immediately and do not require osseointegration.3 

Osseointegration is a term used to the direct bone-to-metal relationship that is seen with 

dental implants that is required for tong-term stability. For an implant to be 

osseointegrated there needs to be no movement between the implant and bone under 

normal loading and histologically there needs to be a lack of biological response. 30 Mini-

screws in contrast to dental implants, osseointegration is discouraged due to their 
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temporary role in treatment. For this reason the surface of mini-screws is kept smooth to 

prevent osseointegration and facilitate its ultimate removal once its role if finished in 

treatment. For mini-screws the primary stability or the immediate stability after insertion 

is what is required for its use. 3  

Primary stability is a mechanical parameter that factors in the stiffness of the 

implant, the bone and the interface between the two.  The stiffness of the implant varies 

with its geometry and composition. The stiffness of the bone is determined by its density 

and trabecular/cortical ratio, areas with denser bone and less marrow space will be more 

retentive for the implant.18 The stiffness of the implant/bone interface is dependent on the 

contact between the implant surface and the bone. 19,20 

Due to this mechanical relationship between the implant and bone, the geometry 

of the mini-screw, and thread configuration is the most important factor resisting the 

mini-screw from extraction. Many studies have shown this to be true. Migliorati et al. 

showed that increasing the ratio of the thread depths to the distance between the threads 

(pitch) of the mini-screw has a significant increase on the pullout resistance of the mini-

screw.21 Florvaag et al. demonstrated based on insertion torque that a conical screw 

design provided greater primary stability than a cylindrical screw type in Bovine femoral 

heads.22 However, Pithon et al. demonstrated opposite findings. In their study using pig 

jaws, they concluded that cylindrical mini-implants has superior pullout force compared 

to conical mini-implants.23 

DeCoster et al. studied various screw designed and its effects on pullout force 

from synthetic bone. 24 The study found that as the major diameter increased so did the 

pullout force in a linear fashion. As the pitch (distance between threads) decreased the 
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pullout force increased. Pitch was shown to be a more important factor to pullout force 

than was the ratio of the major/minor diameter. This study suggests that ideal pitch and 

thread design is more clinically relevant since the mini-screws diameter is limited if it is 

to be clinically useable. A study by Brinley et al. confirmed the importance of pitch to 

pullout strength in synthetic bone, but showed it is not as significant in a cadaver 

model.25 

In addition to the screws design, the method of insertion factors into the primary 

stability of the mini-screw. Mini-screws can either be self-drilling or self-tapping. A pre-

requisite for the self-tapping mini-screw is the placement of a pilot hole prior to the 

placement of the mini-screw. The use of pilot holes when placing screw has its origins 

from orthopedic surgery where large screws were placed for spinal fusion.38,39. With the 

concern for drill-bit breakage, root damage, heat necrosis of the bone, and the added time 

for placement, the self-drilling mini-screws began to emerge in the market. These self-

drilling mini-screws allowed placement with no pilot hole. With these however, there was 

concern over mini-screw breakage during insertion due to the high insertion torque. 39 

Mini-screws placed with a pilot hole have a decreased insertion torque40,41, and a 

decreased bone-to-implant contact when compared to self-drilling mini-screws.43 This 

would suggest that use of pilot hole decreases primary stability, however there is research 

that contradicts this. 39 For long-term stability the results are scattered. In a study that 

looked at the mini-screws placed with either a pilot hole or without found no difference 

in the bone-to-implant contact 3 months after placement.44 However, another study found 

that the mini-screws placed without a pilot home had an increased bone-to-implant 

contact after 6 months. 42 
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It is evident that the design of the mini-screw, technique of placement and the 

bone quality are significant factors in the primary stability and ultimately the survival of 

the implant. However, there is still no consensus as to what the ideal mini-screw design 

should be. This may largely be due to the fact that ideal screw design may depend on area 

that will receive it and the characteristic of the bone in that location. It is only logical that 

studying the interaction of the two will contribute to the body of knowledge. With the use 

of micro-CT technology it is now possible to acquire 3D structural information with great 

accuracy. It can quantitatively and qualitatively evaluate the morphometry of bone 

around a dental implant with accuracy of a few microns or better.6 

 

2.4 Bone Histomorphometry 

 Bone histomorphometry is a quantitative histological examination performed to 

acquire information on bone remodeling and structure. This examination is made in two-

dimensions by means of histological sectioning of a specimen. There are four types of 

measurements that can be made from these sections: area, length, distance between two 

points, and number. The data acquired can then be extrapolated for a three-dimensional 

structure by applying stereology. 27  

In dental research where histomorphometry is used to measure bone-to-implant 

contact, the following method is typically used: The sample is obtained, rinsed with 

saline and fixed in 10% neutral buffered formalin. The sample is then dehydrated using 

alcohol rinses in ascending order (70% to 100%). Following dehydration the sample is 

embedded with an acrylic resin, usually hydroxyethyl methacrylate. Following 

polymerization the specimen is sectioned usually to a thickness of 200µm to 250µm using 
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a high-speed microtome and then ground down to its ultimate size of about 40µm to 

100µm. Lastly the histological slides are stained with toluidine blue to facilitated viewing 

under a microscope. Usually 2-3 sections can be made from a single sample. The samples 

are viewed under magnification and subjective observations are made to calculate the 

bone-to-implant contact. 6,14,28,29  

 

2.5 Micro-computed Tomography (micro-CT) 

In the early 1970’s, the first X-ray computed tomography (CT) imaging was 

developing by Hounsfield. This allowed for images to be collected at multiple viewing 

angles and reconstructed to produce a three-dimensional reconstruction of tissue density 

based on the attenuation of the beam.7 Traditional CT scanners are great for looking at 

large anatomic structures that can be examined with images made up of 1mm3 voxels but 

the resolution if not sufficient enough to look at very fine structures that require a smaller 

volume elements. In the early 1980’s, X-ray Micro-computed Tomography (micro-CT) 

was developed and was able to produce voxels as low a 5µm, allowing researched to 

study smaller structures and in greater detail.8 

The use of micro-CT in scientific, medical, and dental research continues to 

increase.9 These applications include measuring teeth and enamel thickness, analyzing 

root canal morphology, studying various biomaterial scaffolds and studying soft tissue in 

both living and dead animals. 10 Micro-CT’s ever growing popularity is due to a 

combination of its physical size, price decrease, easy of use and its high accuracy. There 

have been many published works confirming the great clinical accuracy of micro-CT for 
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hard tissue, soft tissue, metals and polymers. 10,11,12 

2.6 Accuracy of Bone Histomorphometry compared to Micro-computed 

Tomography (micro-CT) 

Several studies have quantitatively compared the accuracy of bone-to-implant 

contact measured using standard histomorphometric data with that of corresponding 

micro-CT slices.  

In 2004, Park et al. compared titanium screw-shaped implants in rabbit tibia. They 

used Skyscan 1072 micro-CT and performed their scans with 20-80kV, 100µA, 8µm spot 

size and 1mm aluminum filter. The results showed that even though the bone-to-implant 

contact measurement was different between the two, they were significantly correlated 

with a correlation coefficient of 0.855. The researchers reported strong association 

between the two methods with the need for further calibration of the micro-CT to 

improve results.6 That same year Rebaudi et al. performed a similar study and ultimately 

concluded that the results obtained with either micro-CT or histomorphometrics were 

similar. 28  

In 2005, Butz et al. compared peri-implant bone in rat femurs. For this study the 

researchers performed theirs scans with 70kV, 114µA, 8µm spot size, and rotational 

imaging set to 180 degrees. After micro-CT scanning the samples were fixed and slides 

were made for histomorphometric analysis. The researchers matched the 

histomorphometric slides with the corresponding micro-CT slides. There results showed 

that the micro-CT images corresponded well with those of the histological slides and that 

there was a high correlation for both cortical bone (0.65) and the cancellous bone (0.92) 

at 24µm-240µm. They showed that no significant correlation between the micro-CT 
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slides and the histology slides were observing at 0µm-24µm away from the implant 

surface. This inaccuracy is a result of artifacts caused by scattered x-rays that are present 

in very close distances to the implant surface. The severity of the scatter varies depending 

the scanning specifications selected, the scanning technique and the materials used. In 

this experiments they showed that measuring the bone to implant contact has to occur at 

least three voxels away from the implants surface. 15 

In 2009, Cha et al. used micro-CT technology to evaluate the stability of implants 

placed in the mandibles of beagle dogs and supplemented the data with 

histomorphometrics. They performed their scans with 100kV, 100µA, 9µm spot size, a 

combination of an aluminum and copper filter and rotational imaging set to 360 degrees 

for improved quality. For their micro-CT samples, they dilated five voxels away from the 

implant surface to help account for the metal artifact. They did not directly compare 

bone-to-implant contact measurements obtained from micro-CT and histomorphometrics 

in the study. However, their results did show that a high degree of correspondence 

between the two methods even if they did not always perfectly agree. 29  

More recently in 2013, Vandeweghe et al. compared bone-to-implant data 

acquired by micro-CT and histomorphometry. In this study the researchers used micro-

CT 40 by Scanco Medical. They performed their scans with 55kV, 145µA, 36µm spot 

size, the use of filtration was not mentioned. Compared to the previous studies the 

scanning parameters in this study were relatively low. However, they concluded that 

there was a significant correlation for bone-to-implant contact (p<0.001) between micro-

CT and histomorphometry. 14 

Every step in the process of measuring bone-to-implant contact using 
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histomorphometrics introduces new inaccuracies. Dehydrating the sample and its fixation 

can lead to physical changed in the bones shape and volume. Cutting and grinding the 

sample to a thin 100µm slice disruptions the original bone/implant interface. The few 

two-dimensional slices that are ultimately analyzed are just a small fraction of the larger 

three-dimensional structure that is to represent. Lastly, the researcher objectively selects 

the areas of bone-to-implant contact, which introduces even further bias. 

In the case of micro-CT analysis of bone-to-implant contact there are many 

potential inaccuracies as well. However, given the well-controlled scanning environment, 

precise digital controls, and expanding knowledge on micro-CT technology, such 

inaccuracies can be greatly limited and accounted for if the process is standardized. Such 

measures will be discussed in the following section. 

 

2.7 Micro-computed Tomography (micro-CT) Artifacts  

and Improving Scans 

Micro-CT has been shown to be able to capture data with great accuracy. 

However, since it used photons to obtain an image it is susceptible to the same artifacts as 

any radiography. Such sources of artifacts are beam hardening, scatter, non-linear partial 

volume effect, motion, stair-step artifact and other artifacts due to poor calibration or 

system failure.13 Beam hardening occurs when low energy photos are absorbed when 

passing though structures causing the X-ray bean to harden. Since all the beams that pass 

though a volume follow a different path, they attain different attenuation values. This 

phenomenon causes reduced attenuation toward the center of an object and leads to streak 

artifacts that connect areas of strong attenuation. Scatter occurs when the photons do not 
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follow at straight path and this results in streaks tangent to edges. Non-linear partial 

volume effect is due to the finite width of the beam-causing there to be an attenuation 

difference along the length of that beam. This difference causes streaks tangent to edges 

on the image. Motion may be a source or artifact if it is motion of the subject or a wobble 

in the moving parts of the scanner. 13 

The greatest challenge with using micro-CT to measure bone-to-implant contact 

with titanium mini-screws is dealing with these artifacts. Titanium, which is a common 

and widely used material for implants exhibiting a greater X-ray attenuation than does 

bone. During scanning this causes the titanium to absorb and scatter the X-rays at various 

rates. This influences images and calculation taken at the implant surface.10 X-ray 

absorption is proportional the fourth power of the atomic number of the material. Bone is 

primarily made up of calcium, which has an atomic number of 20. Most metals have a 

greater atomic number and increased density compared to bone. Titanium has an atomic 

number of 22, which is great than bone but still significantly less than steel (atomic 

number 26) or amalgam (atomic number 80). This means that with properly applied x-ray 

voltage, filtration, and proper scanning technique it is practical to expect accurate 

imaging of bone surround a titanium screw as compared to other metals. 17  

Bruker MicroCT, the manufactured of SkyScan 1172, has several 

recommendations they make for optimizing image quality when scanning metal implants 

as per their Method Note, “MN074 bone around metal implant 3D-2D (BIC)”. Bruker 

MicroCT recommends: Using high filtration to reduce the beam hardening. Performing 

scans at 360 degrees vs 180 degrees to limit the linear streak artifacts. Reducing noise by 
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scanning with small rotation steps and frame averaging. Assuring that a recent alignment 

test has been done. Correcting for flat-field prior to initiating scan. Keeping the bone 

sample hydrated during the scan process as drying of the bone during scanning can cause 

movement artifacts. Furthermore, since the metal halation occurs mostly in the regions 

that are in close proximity to the implants surface, it is important to dilating the region of 

the metal to several voxels from the implant surface.10 This is a necessary process that 

can range from 2-10 voxels depending on the quality of scan that is obtained.15,29 
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CHAPTER 3 

AIMS OF THE INVESTIGATION 

 

The overall aim of this study is to identify the optimal scanning specifications for 

measuring bone-to-implant contact using a micro-CT to facilitate in future research. 

Specific aims include: 

 

§ To acquire images of titanium mini-screws inserted into bone using 3-dimensional 

Micro-computed Tomography from five different scanning specifications. Images 

will be reconstructed with NRecon and used to measure bone-to-implant contact 

with CTAn software. 

 

§ To use the bone-to-implant contact measurements and compare them for 

statistical difference.  

 

§ To determine the presence of artifacts in the acquired images and compare the 

images qualitatively between the different scanning specifications. CTVox 

software and Dataviewer will be used for this analysis. 
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CHAPTER 4 

MATERIALS & METHODS 

 

For the study, a total of three self-drilling orthodontic mini-screws from Aarhus 

(American Orthodontics, Sheboygan, Wisc, 1.4 mm in diameter and 8 mm long) and one 

adult pig mandible from Clemens Food Group in Hatfield, PA, were obtained. The pig 

mandible intended to be used as an analog to the human jaw. The pig jaw has been shown 

to be an excellent analog media that is very similar to the human jaw.16 The three mini-

screws were placed into the left lingual molar area of the single pig mandible as shown in 

Figure 1a-b. Each mini-screw was then inserted until all the threads were buried 

completely in the bone.  

After mini-screw placement, the blocks of bone containing the individual mini-

screw were cut out and shaped to facilitate scanning by micro-CT. Cuts were made in 

7mmx7mmx10mm using a hand saw to allow full submersion of the mini-screw in bone 

but limit the volume of bone needed to be scanned (Figure 1c). Each sample was placed 

in a sample holder with phosphate-buffered saline and kept refrigerated at 4 degrees 

Celsius. The samples were positioned in a holder with parafilm and scanned individually 

using micro-CT (SkyScan 1172; Skyscan, Aartselaar, Belgium) under 5 different 

specifications with flat-field correction, (Figure 1d and Table 1). Scans were performed 

overnight. SkyScans software was used to process the scans and calculate qualitative and 

quantitative data.  
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Table 1: Micro-CT Specifications 

Specification Pixel Size 

(µm) 

Camera 

Size 

KeV Rotation Filter Avg Scan 

Time 

Avg Recon 

Time 

1 20 Large 80 180 0.5Al+0.25Cu 27.7m 2.8m 

2 12 Medium 80 180 0.5Al+0.25Cu 76.0m 6.2m 

3 8 Medium 80 180 0.5Al+0.25Cu 79.0m 15.1m 

4 3 Small 80 180 0.5Al+0.25Cu 228.3m 387.0m 

5 3 Small 80 360 0.5Al+0.25Cu 496.0m 344.1m 

	

Figure 1: Illustration of A) Sample pig mandible B) Area of pig mandible where 3 
TADs were placed C) TAD placed and bone sectioned D) Micro-CT scan and 
measure BIC(%) 
	

A 

C 

B 

D 
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4.1 Obtaining Micro-CT Scans 

 Once the sample was ready for micro-CT scanning, the SkyScan 1172 was 

allowed to warm up for 15 minutes. Then the voltage, current, and power were set to 

80KV, 100mA, and 10W respectively. Proper filtration, camera size, and pixel size was 

set appropriately for the specific scan (Figure 2). After those parameters are set, the Flat-

Field was corrected prior to placement of the sample. For this, from the top menu I 

selected “Options”, then “preferences” (Figure 3). Once the dialog box appeared uncheck 

“Flat-Field correction” (Figure 4). Then I selected “Options” again and “Acquisition 

Modes” (Figure 5) and selected “Acquire bright + dark for current mode” in the dialog 

box (Figure 6). Then I selected “Options”, then “preferences”. Once the dialog box 

appeared check “Flat-Field correction” (Figure 7). The sample was then loaded into the 

micro-CT and scan was performed with 0.3 degrees of rotation, frame averaging of 6, 

random movement of 10, and 360 rotation for applicable scans (Figure 8 and Figure 9). 

Total scan times ranged from 21 minutes to 604 minutes. 
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Figure 2: SkyScan 1172 selection of Voltage, Current, Power, Filter, Camera Size, 
Pixel Size 
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Figure 3: Preferences 
	

Figure 4: Flat- Field correction off 
	

Figure 5: Acquisition Modes 
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Figure 7: Flat-Field correction on 
	

Figure 6: Acquire bright+dark 
for current mode 
	

Figure 8: Start acquisition 

Figure 9: Averaging, Random 
movement, Use 360 deg rotation 
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4.2 Reconstruction and Reorientation 

After each sample was scanned, 3D reconstruction was performed using NRecon 

V1.6.10. Depending on the scan parameter and the computer running the software 

reconstruction can range from 2.8 minutes to over 6 hours per sample. Dataviewer V1.5.2 

was used to position the implant orthogonally with the long axis of the mini-screw 

aligned with the Z-axis. Once the implant was aligned in the software, the volume of 

interest (VOI) was set is all three planes to include the mini-screw and sufficient volume 

of bone for peri-implant analysis. The transaxial orientation was saved with the 

appropriate VOI.   

 

4.3 Bone-to-Implant contact analysis with CT-Analyzer 

This VOI was then opened in CT-Analyzer V1.14.4.1. The “Custom processing 

preview” was selected (Figure 10). In CT-Analyzer the range of cross-sectional slices 

were selected to include the entire length of the mini-screw from the first thread at the 

head to the screw tip (Figure 11 and Figure 12). Once the Region of Interest (ROI) was 

established the threshold levels were set in the binary page. Threshold levels were set 

using the visual analysis, recommended thresholds from Micro Photonics Inc, and 

thresholds density curve in CT-Analyzer. The appropriate thresholds chosen were, 0-28 

for empty space/tissue, 28-90 for bone, and 90-255 for metal. 

In the custom processing plugin that following task list was created: 

A) Threshold - Global  Low:90  High:255 (Figure 13) 

B) Despeckle – Type: remove pores /  Detected: by image borders / Apply to: 

Image (Figure 14) 
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C) Morphological operations – Type: Dilation 2D space / Kernel: Round / 

Radius: 5 / Apply to: Image (Figure 15) 

D) Bitwise operations – Region of interest = COPY, Image (Figure 16) 

E) Reload – Apply to: Image (Figure 17) 

F) Threshold – Global Low:28 High:255 (Figure 18) 

G) 2D Analysis – Summary results (Figure 19) 

H) Run Process (Figure 20) 

After the custom task list was run, CT-Analyzer produced an Excel file with the summary 

of various data analyses. “Percent intersection surface” is the analysis that represents 

Bone-to-Implant contact in this particular task list (Figure 21). 

Figure 10: Custom processing preview 



	26	

 Figure 11: Set the top of selections 

Figure 12: Set the bottom of selections 
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Figure 13: Threshold - Global  Low:90  High:255 

Figure 14: Despeckle – Type: remove pores /  Detected: by image borders / Apply to: 
Image 



	28	

 

Figure 15: Morphological operations – Type: Dilation 2D space / Kernel: Round / 
Radius: 5 / Apply to: Image 

Figure 16: Bitwise operations – Region of interest = COPY, Image 
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Figure 17: Reload – Apply to: Image 

Figure 18: Threshold – Global Low:28 High:255 
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Figure 19: 2D Analysis – Summary results 

Figure 20: Run Process 



	31	

 

  

The custom tasklist selected the portion of the image for the metal implant based 

on density and then dilates the region out five voxels away from the mini-screw. This has 

been shown to be the closet distance to the mini-screw that can be imaged and maintain 

accuracy. 15  

Any bone that intersects this formed ROI is measured as the intersecting surface 

(IS). The software was used to measure the ROI, which is the area of the mini-screws 

surface (also known as the Total Surface, TS) and the IS, which is where the bone 

touches the mini-screws. The IS/TS x100 gives be the percentage of the mini-screws 

surface that is in contact with bone along the entire length of the mini-screw.  

 

Figure 21: Percent intersection surface 
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4.4 Statistical Analyses 

All data was collected and recorded on an Excel spreadsheet. Curve fit analysis 

was performed visualize plateau in data set (Figure 22). A BIC accuracy of 95% or 

greater was considered to be statistically accurate. This was calculated by (BIC of 

Specification 5 / BIC of Specification X) x 100.  
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Figure 22: Data plot 
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CHAPTER 5 

RESULTS 

 

5.1 Qualitative Analysis 

 The major challenge with measuring BIC using micro-CT is controlling for image 

artifacts that are created around the metal due to beam hardening. Most of the artifacts are 

eliminated or controlled for with proper scanning technique, filtration and software 

calibration. However adjusting the resolution and rotation has an effect on this as well.  

 Analysis of raw and reconstructed images suggests that as pixel size decreases 

and resolution increases there is a general decrease in scatter, artifacts and the images can 

be magnified to a higher level without suffering pixilation (Figure 23 and figure 24).  

 

5.2 Quantitative Analysis 

 BIC varied greatly between the scanning specifications and samples, from 0% to 

70.35% (Table 2). Quantitative analysis was performed to compare the differences in 

BIC(%) values between the 5 specifications. Two of the three samples displayed an 

accuracy of greater than 95% for specification 3, thus providing latitude in 

adjustment/reduction of scanning times with minimal variance in data accuracy for 

BIC(%). 
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Figure 23: Raw images from Sample1 between different specifications showing the varying quality 
A) Specification 1 B) Specification 2 C) Specification 3 D) Specification 4 E) Specification 5 

B 

D C 

E 



	35	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	
 

 

A B 

C D 

E 

Figure 24: Reconstructed samples of scans between the different specifications showing the varying 
quality A) Specification 1 B) Specification 2 C) Specification 3 D) Specification 4 E) Specification 5 
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Table 2: Micro-CT Scan Time and BIC(%) 

Specification 
Sample 1 

Pixel Size (µm) KeV Rotation Scan Time 
(min.) 

Recon Time 
(min.) 

BIC (%) 

1 20 80 180 27 4.4 7.9 

2 12 80 180 26 3.7 58.98 

3 8 80 180 86 23.4 66.89 

4 3 80 180 314 891 69.28 

5 3 80 360 552 629 70.35 

Specification 
Sample 2 

Pixel Size (µm) KeV Rotation Scan Time 
(min.) 

Recon Time 
(min.) 

BIC (%) 

1 20 80 180 21 1.3 0 

2 12 80 180 167 10.4 4.58 

3 8 80 180 57 7.0 6.90 

4 3 80 180 169 100.5 47.14 

5 3 80 360 604 234 57.65 

Specification 
Sample 3 

Pixel Size (µm) KeV Rotation Scan Time 
(min.) 

Recon Time 
(min.) 

BIC (%) 

1 20 80 180 35 2.7 59.72 

2 12 80 180 35 4.6 59.32 

3 8 80 180 94 14.9 60.83 

4 3 80 180 202 169.4 60.00 

5 3 80 360 332 169.2 60.97 
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CHAPTER 6 

DISCUSSION 

 With the ever-increasing use of mini-screws in orthodontics comes the need for 

proper understanding of what occurs at the interphase between the mini-screw and the 

bone. Micro-CT technology is quickly proving itself to be a valuable tool in many areas 

of research, measuring bone-to-implant contact being just one such area. Due to the 

relative novelty of micro-CT in this area of research, the parameters for scanning an 

image to measure bone-to-implant contact varies vastly with the different studies in the 

literature.  

In 2004, Park et al. used Skyscan 1072 micro-CT and performed their scans with 

20-80kV, 100µA, 8µm spot size and 1mm aluminum filter.6 In 2005, Butz et al. 

performed theirs scans with 70kV, 114µA, 8µm spot size, and rotational imaging set to 

180 degrees.15 In 2009, Cha et al. performed their scans with 100kV, 100µA, 9µm spot 

size, a combination of an aluminum and copper filter and rotational imaging set to 360 

degrees for improved quality.29 More recently in 2013, Vandeweghe et al. used micro-CT 

40 by Scanco Medical. They performed their scans with 55kV, 145µA, 36µm spot size, 

the use of filtration was not mentioned.14 Even though these different studies were 

measuring the same thing they used different scanning specifications for their 

measurements. 

This study aims at standardizing the micro-CT scanning specifications so that 

future researchers will have a reference to determining which specifications to use when 

scanning for BIC using a micro-CT. 
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Qualitative analysis suggested that even the lowest specification (specification 1) 

was relatively free of artifact and scatter that is usually present when examining a 

metal/bone interphase radiographically. This is due partially to the closeness in density 

between titanium and bone compared to other metals. Proper filtration aids in this as well. 

However, due to the large pixel size and low resolution the metal/bone interphase become 

pixelated and distorted at closer examinations. This distortion is lessened significantly as 

the pixel size decreased and the resolution increases. 

Quantitatively, sample 1 and sample 3 showed that when scanning for BIC at 

specification 3, the BIC measurement is at least 95% accurate. At this specification it 

takes about 1/3 or less of the time to perform the scan. Furthermore, reconstruction these 

images under specification 3 taken about 5% of the time that it does to reconstruct the 

images at specification 5. 

The data for sample 2 did not follow the same trend of BIC plateau at 

specification 3. For sample 2, specification 3 was only about 12% as accurate as 

specification 5. This was likely due to the quality of the bone in the area where this 

sample was taken. Eventhough all three mini-screws were placed in the same general area 

of the mandible, bone quality in the individual site could have still been significantly 

different. The bone in the area could have varied in density and porosity compared to the 

other locations. There is reason to believe that if the bone was very pourous and had large 

areas of marrow space, only a thing layer of bone would be in close proximity to the 

mini-screw. In such a scenario, during the thresholding and dilation process such bone 

can be overlooked as soft tissue and empty space. For Sample 2 the accuracy increased to 
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about 82% for specification 4. This suggests that the pixel size was a significant factor to 

the accurate measurement of BIC. 

The data suggests that specification 3 provides the most optimal scanning 

parameters. This is because it provides a highly accurate BIC measurement in just a 

fraction of the time as what would be considered the most absolute accurate specification. 

For instances where BIC needs to be measured quickly and accurately with the intent of 

comparing it to a control, specification 3 will be the most appropriate choice. However, if 

the intent is to obtain the most accurate measurement of BIC with scanning time, 

reconstruction time, hard drive space, and computer processing power not being a factor, 

then specification 5 will be the most appropriate choice. 

 

6.1 Limitations and Future direction 

 This study used a total of three separate samples that were examined under five 

different parameters. Such a sample size is too small to perform statistical analysis for 

significant difference. From the preliminary results that this study has shown, future 

studies can confidently be performed utilizing larger sample sizes. Future studies should 

also perform multiple scans per sample to demonstrate reproducibility of the BIC. 

 In order to improve setting density threshold for the sample, measuring a phantom 

bone sample from a comparable area to the one that will be studied will aid in accuracy. 

For a future study, evaluating a sample bone from the area for quality can be used to set 
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more correct threshold parameters that may limit some of the inaccuracy that was seen in 

sample 2.  

 For the reconstruction of the images, as the resolution increases, the processing 

power of the computer becomes a greater factor. The computers utilized for this 

experiment are located in the micro-CT lab at the Lewis Katz School of Medicine in 

Philadelphia, PA. This is a busy lab that is constantly utilizing their computers to process 

and analyze data of multiple ongoing studies. Because of this, there is likelihood that the 

processing power of the CPU and GPU of the computers in the lab may have been 

reduced due to multi-tasking. Thereby skewing scanning and reconstruction times to the 

positive. 

 Finally, this study aimed at determining the optimal scanning specification for 

measuring BIC of MS with micro-CT. The purpose for this is to be able to use the micro-

CT in studies to determine what the ideal MS design should be for the particular 

composition of bone the clinician plans to place it into. More research is still needed, 

however from the results of this study, we are one step closer. 
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CHAPTER 7 

CONCLUSIONS 

• Micro-computed Tomography (micro-CT) provides 3D structural information that 

can be used to accurately measure bone-to-implant contact of mini-screws in an 

objective manner. 

• When using Micro-computed Tomography (micro-CT) to measure BIC of a MS 

the most optimal setting is 8µm, medium camera, 90KeV, 180 degree rotation, 

0.5Al+0.25Cu filter. This will take an average of 79.0 minutes to scan and 

15.1minutes to reconstruct, for a total of 1.57 hours (94.1 minutes) per sample. 

• When using Micro-computed Tomography (micro-CT) to measure BIC of a MS 

the most accurate setting is 3µm, small camera, 90KeV, 360 degree rotation, 

0.5Al+0.25Cu filter. This will take an average of 496.0 minutes to scan and 

1344.1 minutes to reconstruct, for a total of 14.00 hours (840.1 minutes) per 

sample. 
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