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ABSTRACT

Shorter miniscrew implants (MSIs) make it possible to reduce the risk of root
damage, increase the number of buccal placement sites, and to treat patients during the
mixed dentition. The purpose of the present study was to evaluate the stability of 3 mm
long MSIs placed in humans by an inexperienced operator. A total of 82 MSIs were
placed in the buccal maxillae of 26 adult subjects by one operator who had previously
placed only 5 buccal MSIs. Pairs of adjacent implants were immediately loaded with a
100g nickel-titanium closed-coil spring. Subjects were recalled after 1, 3, 5, and 8
weeks, at which times stability was verified and questionnaires pertaining to MSI-related
pain and discomfort were completed. All MSIs were removed after 8 weeks. The failure
rates of MSIs in the anterior and posterior placement sites were 35.7% and 30.0%
respectively. The overall failure rate was 32.9%. 10 of 27 failed MSIs (37%) were
traumatically dislodged by the subjects. Excluding these incidental failures, the failure
rate in the anterior and posterior sites were 31.6% and 15.2%, and the overall primary
failure rate was 23.6%. Failures were significantly (p=0.010) greater among the first half
(41 MSIs) placed than the last half (46.3% vs 19.5%). All primary failures occurred on
or before day 42; on average, they failed on day 24.5. Subjects experienced very low
pain (2.2% of maximum) and discomfort (5.5% of maximum) during the first week only.
Shorter 3 mm MSIs placed by an inexperienced operator are highly likely to fail. With
clinical experience, failure rates can be dramatically improved. Pain and discomfort

experienced after MSI placement is minimal and temporary.
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CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

Edward Angle used Newton’s Third Law of Motion in 1907 to describe the
concept of orthodontic anchorage: “According to the well-known law of physics, action
and reaction are equal and opposite, hence it must follow that the resistance of the
anchorage must be greater than that offered by the tooth to be moved, otherwise there
will be displacement of the anchorage and failure in the movement of the teeth to the
extent, or, possibly, in the direction desired. The sources at our disposal for securing
anchorage or resistance are, first, the teeth themselves, and second, sources external to
the teeth...”’

Simply stated, anchorage allows for wanted tooth movements while minimizing
undesired side effects. Traditional orthodontic systems employ a reactive unit
(tooth/teeth acting as anchorage) against an active unit (tooth/teeth intended to undergo
movement) using extraoral, intra-arch, or inter-arch mechanics. Even with perfect patient
compliance, most traditional mechanics are subject to some form of anchorage loss
during treatment.

The advent of mini-screw implants (MSIs) has provided orthodontists with a
valuable tool for attaining maximum or near absolute anchorage. Once affixed in bone,
they make it possible to manage the forces applied to teeth more precisely without
adverse reciprocal tooth movements. Unlike bulkier traditional anchorage appliances,

MSIs can be easily placed and removed in a virtually limitless number of intraoral



locations. MSIs have gained rapid popularity and acceptance for this reason, as well as
for their affordability, minimal invasiveness, and patient acceptance.” They are
particularly advantageous when extraoral appliances are impractical and patient
compliance is unreliable.>* Though patients initially presume MSIs to be painful and
uncomfortable, they actually find them to be non-painful and less uncomfortable than
other appliances, and they would recommend them as a treatment modality to their
friends and relatives.

Although MSIs are versatile and predictable tools for anchorage, the concern for
root damage is a primary deterrent for many orthodontists.® Although root injury caused
by MSI placement usually heals unremarkably, it does have the potential to cause
localized bone loss, ankylosis, and pulpal damage leading to devitalization of the tooth.’
It has been suggested that shorter MSIs might subject patients to less risk of root contact
during placement than traditional 6 or 8 mm MSIs. With a reduced potential for tooth
damage, orthodontists would have more options for MSI placement locations that were
previously precluded by longer MSIs. Additional insertion sites could yield treatment
alternatives with improved biomechanics and fewer unwanted side effects resulting from
non-ideal MSI locations. Furthermore, shorter MSIs have implications for use in
dentofacial orthopedics in younger patients where potential damage to tooth buds has
precluded miniscrew placement. Several studies have shown 3 mm MSIs to be stable at
various forces in animal models.® " However, no studies to date have examined the

stability of 3 mm MSIs in humans.



Therefore, the purpose of this study is to assess the feasibility of using
immediately loaded 3 mm miniscrew implants in human subjects.

The following review will first discuss the history and success rates of MSIs in
order to lay a foundational knowledge of the subject. Osseointegration and primary and
secondary stability will be explained, followed by a discussion of the biological factors

and physical miniscrew characteristics that affect stability.

MSI History

The first reported attempt to use implants for orthodontic anchorage was 70 years
ago by Gainsforth and Higley.'* The investigators placed modified 3.4 mm-diameter x
13 mm-long vitallium screws in the mandibular ascending rami of six dogs to serve as
absolute anchorage during canine retraction. This study demonstrated, for the first time,
that tooth movement using basal bone anchorage was possible. Unfortunately, effective
orthodontic force could not be maintained for more than 31 days due to implant failure.
The authors speculated that the prompt loosening of the screws was largely because of
the communication with the oral cavity and the resulting contact with oral fluids and
microorganisms.

Following the 1945 study by Gainsforth and Higley, there were no attempts to
use bone implants to move teeth until the clinical case reports of Linkow'>' in 1969, in
which blade implants were used to retract teeth with rubber bands.

In the late 1970s and 1980s, several investigators thoroughly tested, in animals,

the concept of using endosseous implants during orthodontic treatment. In the majority



of these studies, forces were applied from implant to implant to test their stability when
loaded with various orthodontic forces.'*° Others used implants to facilitate the
orthodontic movement of teeth,”'** for maxillary expansion,” and for the orthopedic
protraction of the maxilla.**

In 1983, Creekmore and Eklund published the first clinical report of bone screw
usage for orthodontic anchorage in humans.”® A 13 mm vitallium screw was utilized in a
25-year-old female orthodontic patient exhibiting a deep impinging overbite. Placed
immediately below the anterior nasal spine, the anchor was used to intrude the upper
incisors approximately 6 mm and torque them lingually about 25 degrees using an elastic
thread. Following this initial article, several more clinical reports described the use of
endosseous implants for orthodontic purposes, with varying degrees of success.”*>*
Though the use of endosseous dental implants for orthodontic anchorage was promising,
several disadvantages became evident. The bulky implant size precluded placement in
many intraoral sites. The invasiveness of surgical placement and removal procedures,
discomfort of initial healing, and difficulty to maintain oral hygiene around implants
were troublesome limitations for patients. In addition, the prolonged time before loading
and high monetary expense prevented their widespread use. Recognizing the above-
mentioned factors, Kanomi repurposed smaller, less invasive surgical bone plate fixation
screws for orthodontic use.” At 1.2 mm wide and 6 mm in length, these miniscrews
were small enough to be placed in the interradicular space between mandibular central
incisors for successful intrusion of the lower anterior segment over a four-month period.

Kanomi suggested that placement and removal procedures should be simple enough for



an orthodontist or general dentist to perform, and that healing following removal should
be rapid and inconsequential. This development paved the way for numerous orthodontic
companies to begin manufacturing smaller implants that provided minimal surgical
invasiveness, greater versatility in orthodontic applications, and increased patient
comfort and acceptance.

In 1998, Costa et al introduced a simplified placement and use protocol that
prompted a more pervasive acceptance of miniscrews in orthodontics.” In 2008, a
survey of members of the American Association of Orthodontists concluded that 80% of
orthodontists had at least one current miniscrew case in their practice, and 54.4% had
placed their own MSIs.® A more recent survey in 2010 of 47 orthodontists in the
northwest United States revealed that 91% of respondents reported treating at least one
patient with miniscrews, though only 43% reported placing the devices personally.”’
Most recently, a 2013 survey reported usage of temporary skeletal anchorage devices to

be 77% among the 158 responding Australian orthodontists.*

MSI Success and Failure Rates

While endosseous implants have a well-documented approximate success rate of
97%,>*** the success rate for orthodontic miniscrew implants is more ambiguous.
Numbers have ranged widely depending on the study. They vary due to differences in
definitions of success, timing of assessment of primary outcomes, and methodologies
that may allow for uncontrolled variables.’> Though variation was substantial, 85% of

orthodontists in a 2008 survey reported MSI failures of 25% or less in their practices.® In



2009, Reynders et al reported in a systematic review of 19 studies that MSIs had failure
rates that varied from 0-100%.>° However, the study reported that most articles reported
failure rates of less than 20% if usable mobile and displaced implants were included as
successful. Schatzle et al performed a meta-analysis around the same time and found 27
studies that met their inclusion criteria.’® The study analyzed a total of 2374 miniscrews
inserted in 1196 patients with a total of 363 or 15.3% failure. In 2010, Crismani et al
included 14 clinical trials in a systematic review analyzing 1419 MSIs in 452 patients.®’
The mean overall failure rate was 16.2% +/- 7.4%. Most recently, in 2012,
Papageorgiou et al. systematically evaluated 52 studies and found, of the 4987 MSIs
placed in 2281 patients, an overall failure rate of 13.5% (95% confidence interval 11.5-
15.8%).%

The failure to achieve the same success as observed in endosseous implants has
prompted many studies aimed to determine the causal factors of MSI instability. Three
contributing topics must be considered: physical features of the miniscrew, biological
characteristics of the implant site, and insertion techniques of the orthodontist. Bony
characteristics at the implant site, including cortical thickness and density, affect
stability; however, at this time, little can be done to alter a patient’s biology. Insertion
techniques are also critical. Carrillo and Buschang described placement techniques that
produced success rates above 90%.>° The technique described emphasizes meticulous
planning, maintenance of MSI position and orientation throughout insertion, evaluation

of stability following MSI placement, and explanation of necessary post-op hygiene



protocol.*® Perhaps the most investigated aspects related to MSI failure are the physical

design traits of the implants.

Osseointegration

Before further discussion into the physical characteristics of MSIs, it is important
to first recognize the basic mechanism through which implants are retained in bone. The
process of osseointegration was defined by Branemark as a direct contact between living
bone and implant, as evident under light microscopy.*’ Long-term evaluation of
functional osseointegrated implants was completed by Albrektsson et al, who removed
38 stable and integrated screws from patients and used X-rays, SEM, TEM and histology
to analyze the intimate relationship between implant and bone.*' The author described
the process of osseointegration to be determined by the following parameters: (1)
implant material, (2) implant design, (3) implant finish, (4) status of the bone, (5)
surgical technique, and (6) implant loading conditions.

The amount of osseointegration that occurs around miniscrews is highly variable.
Partial osseointegration denotes a distinct advantage in orthodontic applications,
allowing effective anchorage to be combined with easy insertion and removal. It has
been shown that bone-to-implant contact (BIC) of stable MSIs subjected to various loads
in the mandible and maxilla can range from 2.2-94.8%.** This is important to note
because only small amounts of BIC may be required because orthodontic forces are

substantially less than the occlusal loads placed on endosseous dental implants.



Primary and Secondary Stability

The clinical effectiveness of MSIs lies in their ability to maintain intimate bony
contact, thus resisting reactive orthodontic forces.* Immediately following insertion,
implant retention is entirely mechanical and related to the amount of bone contacting the
surface of the MSI. This initial mechanical engagement and absence of mobility is
defined as primary stability. Primary stability is largely important in orthodontic
miniscrew success since there is not the same requirement for long-term stability and full
osseointegration as in endosseous dental implants.** For orthodontists, primary stability
is also a critical factor because it allows for immediate loading. Primary stability has
been associated with many factors, including insertion site characteristics, root
proximity, geometric design of the screw, soft tissue inflammation, operator insertion
technique, and magnitude and loading time of an orthodontic force.** Cortical bone
depth and density, in particular, are thought to be the most important patient factors for
primary stability.*

The initial stability of a miniscrew is important because most incidences of
orthodontic MSI failure occur early.*® Stability might be expected to decrease during the
first week, when osteoclasts and mesenchymal cells, which appear by day four, begin
removing bone damaged by MSI placement.*” MSI insertion generates stresses and
strains along the length of the implant that injures surrounding bone. Excessive damage
may lead to micromotion between the implant body and the surrounding bone, and is
considered to be a high risk factor for early implant loss as failure of osseointegration

4 . . . . .
occurs.”® Because of this, strategies to reduce trauma to bone during insertion should



produce greater MSI stability. Over time, there is a transition from primary mechanical
stability, provided by the implant geometry engaging in cortical bone, to biologic
stability, provided by newly formed bone in intimate contact with the screw surface as
osseointegration occurs. This second phase of increasing stability is referred to as
secondary stability. As new bone is formed around the MSI, secondary stability
increases.

There is a period of time during healing in which osteoclastic activity has
decreased the mechanical stability of the MSI, but the formation of new bone has not yet
occurred to the level required to maintain implant stability. This “critical period” of
decreased stability would theoretically be the time when an MSI is most at risk of
relative motion and be most susceptible to failure.* Berglundh and coworkers used a
dog model to describe the temporal phases of wound healing adjacent to endosseous
implants.*” Extrapolating these results to humans, the critical time frame for implant
healing would be 2 to 3 weeks postplacement.*®

Ure et al described changes in overall MSI stability placed in the maxillae of
beagle dogs over a period of eight weeks.*’ Resonance frequency analysis, which
measures the vibrations of the implant within bone, was utilized to quantify the stiffness
of bone surrounding the implants. MSIs placed into nonkeratinized tissue —most of
which eventually failed — showed greater decreases in stability over the first three weeks
compared with those placed in keratinized tissue. MSIs placed in keratinized tissue that
remained stable over the 8-week period also showed significant decreases in stability in

the first three weeks, followed by increases during the fourth and fifth weeks.



Importantly, this data corroborates the 3-week point as the critical period of transition
previously identified for endosseous implants.

Primary stability decreases over time, and secondary increases over time,
resulting in a set of characteristic curves that is often viewed in the literature. Clinically,
orthodontists observe the overall net stability, which is a combination of both primary
and secondary stability. The point at which the primary and secondary curves cross
represents the point of least net stability, or the period that MSIs are most likely to fail.
As per the studies above, this occurs approximately 3 weeks after placement. After this
point, secondary stability continues to increase, resulting in an overall net stability
increase.

While osseointegration cannot be evaluated directly in human studies due to an
inability to obtain the bone-implant specimen for light microscopy or micro-computed
tomography analysis, primary stability can be indirectly evaluated with insertion torque
and removal torque measurements.

Insertion Torque

Placement torque is a common measurement used to evaluate the quality of the
bone to implant interface. After revealing a statistically significant correlation between
the implant placement resistance and bone density values, Friberg et al concluded that
placement torque measurements were a reliable method for evaluation of bone quality.”
Motoyoshi et al evaluated this concept in a clinical study by measuring the insertion
torques and success rates of 124 pre-drilling orthodontic MSIs.>' The investigators

determined that, for 8§ mm long and 1.6 mm diameter implants, an insertion torque in the
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range of 5 to 10 Ncm yielded the highest stability rate, at 96.2%. Success rate decreased
to 72.7% with insertion torque values below 5 Ncm, and further decreased to 60.9% with
values above 10 Necm. They concluded that a lower insertion torque is suggestive of poor
primary stability and potential failure. Conversely, excessive torque during placement
can generate high levels of stress that result in degeneration of the bone at the implant-
tissue interface.”> Compressive stresses can reach a sufficiently high level and result in
necrosis and local ischemia of the bone surrounding the implant, which may result in
failure. In addition, extensive crack formation and microdamage suggesting “very severe
destruction” has been shown adjacent to MSIs to a distance of 200 pm after intentional
overinsertion of orthodontic implants.>®

Suzuki et al placed 186 5, 6, and 7 mm pre-drilling MSIs between the second
premolars and first molars in 105 consecutive patients and immediately loaded them
with 50 to 100 g nickel-titanium closed-coil springs.’* The average torque value was
under 5 Ncm, which was lower than the previously mentioned study by Motoyoshi et
al.”' The authors stated that the reason for this difference was the shorter screw length.
They did, however, find a tendency for increasing torque value for longer and for
mandibular screws, and found decreased stability when insertion torque exceeded 10.1
Ncm. The authors concluded that ideal torque value might differ according to the type of
miniscrew and the placement method.

According to a recent systematic review, there is no strong evidence indicating
that specific maximum insertion torque levels are associated with higher success rates

for orthodontic MSIs.” The quality of the body of evidence for all seven studies
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included in the review was relatively poor; all studies were non-randomized and subject
to multiple biases.

Removal Torque

Removal torque can also be used as an indirect mechanical evaluation to infer
stability and bony integration of an implant. Sullivan et al studied the removal torque of
pure titanium screw-type implants and indicated that fully osseointegrated endosseous
implants should have a removal torque greater than 20 Nem.® Since orthodontic
implants are not intended to fully osseointegrate, the removal torque of MSIs can be
expected to be significantly less. Moreover, studies have shown that MSIs can fracture at
removal if the removal torque exceeds the limits that the MSI can withstand.”’
Unfortunately, torque tests may not always be accurate due to the delicate nature of the
implant interface. For example, variable forces that are not isolated along the long axis
of the implant may be registered with any unintended tipping of the hand-held
measurement device.”®

Only a few studies have been conducted to assess removal torque of MSIs, and
the findings of these studies are inconsistent. Chen et al measured the removal torques of
46 MSIs in Chinese adults.” The screws used were titanium bone screws designed for
fixation of fractures and measured 2 mm in diameter and 7, 11, 13, 15, or 17 mm in
length. Removal torque values ranged from 2.35 to 21.08 Ncm, with a mean of 10.78
Ncm. Removal torque was significantly lower in the maxilla than the mandible. The
effects of screw length on removal torque could not be fully determined, because shorter

screw lengths were only used in the mandible. Because the removal torques were
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significantly lower than the published reports of fully osseointegrated implants, the
authors concluded that miniscrew retention was primarily mechanical and not due to
osseointegration.

In an effort to further analyze MSI placement and removal torque, Suzuki and
Suzuki placed 120 pre-drilling, cylindrical type MSIs and 160 self-drilling conical type
MSIs in 95 patients.® In the buccal dentoalveolar bone of the maxilla and mandible, 8
mm long MSIs were placed, while 6 mm long MSIs were used in the midpalatal suture
area. For both types of screws at all implant sites, removal torque values were
significantly higher than the corresponding insertion torque values. MSIs in the maxilla
had a significantly lower insertion torque (12.1 +/- 3.1 Ncm) and removal torque (15.8
+/- 3.6 Ncm) compared with the mandible and the palate. In addition, the self-drilling
MSIs yielded significantly higher insertion torque (mean 14.5 Ncm) than the pre-drilling
(mean 9.2 Ncm).

In a 2016 study, Migliorati et al measured the maximum insertion torque and
maximum removal torque of 81 self-drilling MSIs in 51 patients.’" The MSIs used were
either 8 or 10 mm in length, and were either immediately loaded or loaded after 1 week.
The mean insertion torque at placement was 16.95 +/- 2.85 Ncm in the maxilla and
19.58 +/- 2.56 Ncm in the mandible, which are higher than those values previously
recommended by Motoyoshi et al. The overall failure rate for the sample was 7.4%. The
mean removal torque, 10.52 +/- 5.14 Ncm, was significantly lower than the insertion

torque measurements. This result differs from that previously described by Suzuki et al,
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who found that removal torque values were higher than corresponding insertion torque

values.®

Miniscrew Design Characteristics

The physical design of miniscrews can be altered to optimize both primary and
secondary stability. Modifications in MSI length, diameter, pitch, fluting, thread design,
shaft design, and surface treatment have all been investigated in order to determine what
enhancements provide improved implant stability. Buschang and Kim recently reviewed
the information currently known about each of these aspects.®® All other things being
equal, the greater the surface area of bone in contact with a screw, the greater the
primary stability. Two methods for maximizing screw surface area include increasing
diameter or decreasing pitch (i.e., the distance between the threads). Increases in
diameter have been shown to increase both insertion torque and pullout forces.
Diameter is an important consideration because MSIs need to be wide enough to attain
stability, but narrow enough to fit into interradicular spaces without causing undesirable
root damage. Decreasing pitch increases the pullout forces of miniscrews, and this
relationship is also associated with bone density. Studies on fluting are ambiguous; some
show decreases in insertion torque due to the increased clearance of bone debris, while
others show increases in insertion torque due to bone debris accumulating around the
threads. Surface modification via sandblasting and acid etching has been shown to

decrease insertion torque and increase removal torque, but studies remain limited. With
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regards to shaft design, it remains unclear whether conical or cylindrical shapes are more

2
successful.®

Length

An increase in length is one of the most obvious ways to increase the surface
area, and therefore the primary stability, of an MSI. Winkler et al demonstrated that
shorter endosseous dental implants tended to fail significantly more often following
uncovering and after loading than longer implants.®® This might be expected because the
holding power of a screw is proportional to the amount of the thread engagement.®* The
effects of length in orthodontic miniscrew research is more controversial, since many
studies compare MSIs that differ in more than one characteristic, limiting their ability to
evaluate the true consequences of variation in length.

While it is intuitive that primary stability increases with increased MSI length, it
has been found that insertion torque also increases. In one report, three different lengths
(6, 8, and 10 mm) of otherwise identical miniscrews were inserted into minipig osseous
tissue of different cortical thicknesses (1-6 mm) in order to evaluate the influence of
length on insertion torque and maximum fracture torque.®® The results showed that
insertion torque increased with increasing screw length and increasing cortical bone
thickness. No differences were found between implant lengths with respect to force
required to fracture. Lim et al also noted that insertion torque significantly increased

with increasing screw length.®
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Shah et al experimentally studied the effects of altering several design factors,
including implant length, on primary stability of miniscrews as determined by maximum
insertion torque and pullout strength.®” Theoretically, the ideal MSI should minimize
insertion torque (less potential for bone damage) and maximize pullout strength (greater
holding power). The author placed 6 mm-long x 1.75 mm-diameter MSIs and otherwise
identical 3 mm-long MSIs that were either 1.75 or 2 mm in diameter MSIs in four
different types of synthetic bone (i.e., two densities and two cortical thickness). The
results showed that 6 mm MSIs displayed 1.3-1.5 times greater insertion torque and 3.2-
3.6 times greater pullout strength than otherwise identical 3 mm MSIs. Intuitively, this
result was expected, since longer implants might penetrate deeper into the bone and
achieve a greater amount of mechanical engagement. However, the values for both
parameters were consistently above the limits recommended for primary stability.
Insertion torque for the 3 mm MSIs was consistently greater than 4 Ncm, and pullout
forces were substantially above the ranges of orthodontic forces typically applied for
tooth movements.

With regards to long-term stability in clinical situations, the data are more vague.
Kuroda et al showed a tendency toward decreased stability with decreasing screw length
(from 100% success with 12 mm to 69.2% success with 6 mm); however, this difference
was not statistically significant.”® Several other investigations have shown similar trends
but yielded no statistically significant differences. **® Recently, Sarul et al completed a

prospective clinical study in which 6 and 8 mm MSIs that were otherwise identical were
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used to retract incisors and canines in mandibular extraction cases.’’ The shorter 6 mm

screws had a lower success rate (66% vs 81.5%).

Shorter MSIs

Root proximity has been found to be a major factor for screw failure in
orthodontic anchorage.”' One previous CBCT study indicated that MSI length of 6 mm
or less and a diameter of 1.5 mm or less would be safest for avoiding root contact and
unwanted damage.”> Shorter MSIs confer several advantages, including decreased risk of
root damage, increased numbers of potential placement sites, and therefore improved
biomechanics. Decreased treatment time can also be expected because orthodontic
separation of teeth prior to MSI placement would no longer be necessary. To that end,
several investigators have looked into the long-term success rates of shorter miniscrews.

In 2013, Suzuki et al placed 5, 6, and 7 mm miniscrews that were otherwise
identical in 105 consecutive patients in order to determine optimal screw length.”* CBCT
scans were performed after miniscrew implantation in order to determine cortical bone
thickness at the implant site and root proximity. Overall success rates in the maxilla and
mandible were 93.4% and 70.3%, respectively. There were no significant differences
found between differing screw lengths in the maxilla; in the mandible, the 5 mm screws
were less successful than the 6 or 7 mm screws. Failed miniscrews exhibited
significantly closer root proximity; however, there was no difference in root proximity
between screws of all three lengths. This implies that root proximity is partially a

function of operator technique and planning, rather than entirely a function of screw
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length. These findings were corroborated by Watanabe et al, who found that root
proximity was the factor that most affected MSI failure.”

When Deguchi et al loaded 96 5 mm implants with 200-300 g of force in dogs,
93 were still stable after 3 months.”* Ohmae et al placed 4 mm long MSI’s into the jaws
of beagles with 100% success after loading them with 150 g of force for 12 to 18
weeks.”” Mortensen et al experimentally compared 6 mm long MSIs to identical 3 mm
long MSIs.® Success rates six weeks after immediate loading with either 600 g or 900 g
of force were significantly higher for the 6 mm (100%) than the 3 mm (67%) MSIs.
However, several of the 3 mm MSIs had tips that sheared off during placement, which
might be expected to decrease stability. Also, 60% of the failed 3 mm MSIs were from a
dog that was described as unusually active and was regularly observed chewing on his
food bowl and on the run bars of the cage. Excluding the MSIs from that dog, as well as
the sheared MSIs, the net success rate of the 3 mm MSIs was 90.6%. It should be noted
that the miniscrews in this study were maintained at forces that represent extreme
orthopedic levels, far from the light orthodontic forces needed for tooth movements.

Importantly, the length of the MSI shaft does not necessarily equal the depth of
its placement. According to Kau et al, clinicians can expect 71.2% of the length of a
screw section of an MSI to be embedded in the alveolar bone.” This would suggest that a
3 mm screw could be expected to engage in only approximately 2 mm of bone.
Postmortem evaluations of 42 successful MSIs revealed average insertion depths of 1.6

mm and 3.9 mm for 3 mm and 6 mm MSIs, respectively.’® These findings suggest that
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the effect of MSI length on long-term stability is relatively small and probably related to

the primary stability that longer screws provide.

Animal Studies on 3 mm MSIs

A handful of reports can be found describing the use of 3 mm MSIs in animal
research. The experiment by Mortensen et al®, comparing loaded 3 and 6 mm MSIs in
beagle dogs, was described previously.

Liu et al performed several studies successfully utilizing 3 mm MSIs to

-12 .
12 Iy order to determine

investigate various aspects of sutural expansion in rabbits.
optimal force levels to maximize sutural bone expansion, 74 total 3 mm long by 1.7 mm
diameter MSIs were placed in 37 white rabbits and randomly loaded with force levels of
0, 50, 100, or 200 g delivered by nickel-titanium open-coil springs.’ A total of 9 MSIs
failed within the first 2 weeks, yielding a success rate of 89% (65 of 74). A companion
study used 28 of the same 3 mm long MSIs loaded with 50 g to compare continuous and
intermittent forces during sutural expansion in 18 rabbits.'® One rabbit lost two MSIs
between days 1 and 2; another rabbit lost two MSIs on day 18, resulting in a success rate
of 86% (24 out of 28). A third rabbit study utilized 60 3 mm MSIs loaded with 100 g in
order to understand the effects of hBMP-2 on sutural expansion.'' Only one MSI failed
on day 10, resulting in a 98% success rate. Finally, another follow-up investigating

whether there is a dose-dependent relationship between thBMP-2 and bone formation

during sutural expansion used 100 3 mm MSIs in 50 rabbits.'* Five pairs of MSIs failed,
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resulting in a 90% success rate. When the MSIs from these four experiments are pooled,
23 out of 262 total MSIs failed, for an overall success rate of 88%.

Recently, Truong et al placed 66 3 mm long by 1.6 mm diameter MSIs in 11
rabbits in order to evaluate the effects of fluting on primary stability."* Loaded with 100g
nickel-titanium open coil springs, the MSIs were evaluated at 2 and 6 weeks post-
insertion. Both fluted and non-fluted MSIs produced equal success rates of 97% (32 out
of 33 for each design). Insertion torque for both designs ranged from 1.5 to 7 Ncm,
which is significantly lower than previously published values. The author stated this is
likely due to both the shorter length of the screws and the lower bone density of the
rabbit skulls. After 6 weeks, removal torque values were significantly higher for fluted

(3.42 +/- 0.26 Ncm) than non-fluted (2.49 +/- 0.20 Ncm) MSIs.

Potential Root Injuries with MSIs

Though miniscrews have been shown to be relatively stable alternatives to more
traditional anchorage devices, many orthodontists still do not use them on a regular
basis. In a 2008 survey, 32.8% of orthodontist respondents cited fear of root damage as
their primary deterrent for placement in their own practice.® Loss of tooth vitality’"’®
and transection of root apices’” have been previously noted during the placement of
endosseous implants and surgical fixation screws. Fortunately, the periodontal literature
shows that repair can occur following tooth root and periodontal ligament damage.

Hellden et al demonstrated in 1972 that new cementoid could be recognized on the

surface of one injured tooth specimen after 23 days, and on almost all other injured teeth
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by day 40.% Until recently, the root damage and the healing process for teeth injured
during orthodontic miniscrew placement remained largely undetermined. Asscherickx et
al showed that healing in beagles takes places approximately 12 weeks after root damage
from MSIs; however, the study was limited to 6 screws placed unintentionally against
roots, 3 of which became loose and had to be removed.®!

Chen et al were the first to intentionally place MSIs in contact with roots in order
to evaluate healing of PDL structures over varying time periods.*” A total of 72 MSIs
were placed in the mandibles of 6 mongrel dogs, 47 of which were intentionally
positioned in contact with tooth roots. The authors found that MSIs contacting the root
were at greater risk of failure. Histologically, the failed MSIs appeared to be surrounded
with a greater volume of soft tissue, with peri-implant inflammation present. It was also
shown that the lesions created on the roots were repaired with a narrow zone of
mineralized tissue deposited on the root surface after screw removal, indicating healing
of the tooth and periodontium. In all cases, the periodontal ligament space was
maintained.

In order to determine the extent of damage possible from MSI placement,
Hembree et al evaluated the immediate, short-term (6 weeks) and long-term (12 weeks)
damage to roots and periodontium of MSIs placed in 7 beagle maxillae and left in situ.*
Six MSIs per dog were placed to intentionally contact tooth roots. They were placed
interradicularly between the 2" 3 and 4™ premolars and were randomly assigned to be
either left in situ for 6 or 12 weeks, or placed immediately before sacrifice. Importantly,

the author noted that the tactile resistance of the MSIs increased substantially and
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noticeably with tooth contact. This tactile change may be used clinically as an indicator
of possible root contact during MSI placement, and may be more a more reliable guide
than radiographs. Of the 42 teeth examined histologically, 73.8% had been damaged by
the MSI: 7.2% showed defects into the PDL, 19% into cementum, 26.2% into dentin,
7.2% into furcational bone, and 14.2% into the pulp. This study demonstrated the
capability of miniscrews to cause immediate and extensive damage to teeth and the
surrounding periodontal structures, with little to no differences apparent at 6- and 12-
weeks. While some teeth showed evidence of healing at both time intervals, there were
other areas where healing had not occurred.

In a companion study looking at the healing potential of injured teeth and
periodontium, Brisceno et al used a randomized split-mouth design to intentionally
injure roots during MSI placement in 7 beagle dogs.” 56 self-tapping, 8 mm long
implants were placed interradicularly to damage the distal or mesial roots of the
mandibular 2™, 3", and 4" premolars and 1* molar. They were immediately removed
after roots were contacted. Approximately 67.9% of teeth showed defects into the dentin,
19.6% into cementum, and 12.5% into the pulp. Most teeth (64.3%) showed normal
healing when damage was limited to the dentin or cementum. Healing was evident at
both 6 and 12 weeks via a new cementum layer, PDL attachment, and bone regeneration.
The amount of new cementum approximately doubled between the 6- and 12-week
healing periods. Abnormal healing was found in 35.7% of teeth; there was lack of PDL
and bone regeneration (10.7%), major furcational bone loss or destruction (9%), spot

ankylosis (3.6%), and pulpal damage with inflammatory infiltrate (12.5%). Placement of
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MSIs into the pulp produced irreversible damage. As in the previous study, it was noted
that the insertion torque doubled with root contact (23.8 vs 50.7 Ncm).

Based on the evidence provided by both this and previously described studies,
orthodontists should obtain thorough diagnostic records and radiographs, as well as a
detailed informed consent from their patients, prior to an elective procedure such as MSI
placement. It is also appropriate for orthodontists to have a thorough understanding of
the depth of the roots in typical MSI placement sites. Important measurements to realize
include average interradicular distances, soft tissue thickness, and cortical bone

thickness.

Interradicular Distances

Aiming to provide an anatomical map to assist orthodontists in miniscrew
placement in a safe location between dental roots, Poggio et al obtained volumetric
tomographic images of 25 maxillae and 25 mandibles from the records of 2000 patients
with no missing teeth or severe crowding.** The mesiodistal and buccolingual distances
were measured for each interradicular space 2, 5, 8, and 11 mm from the alveolar crest.
It was found that in the maxilla, there is greater mesiodistal interradicular width on the
palatal side than the buccal. In the maxillary buccal segment, the greatest amount of
mesiodistal bone was between the first and second premolars (3.5 £ 1.1 mm) and
between the canine and first premolar (4.3 + 1.1 mm). The mesiodistal space between
the first and second maxillary molar on the buccal side was the narrowest of the arch

(2.3-2.5 mm). In the mandible, the greatest amount of mesiodistal bone dimension was
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between the first and second premolars (4.9 = 1.0 mm, at 11 mm depth); the least was
between the first premolar and canine (2.7 = 0.7 mm, at 2 mm depth).

Several years later, Chaimanee et al updated the ‘safe zone’ idea by assessing the
influence of different dentoskeletal patterns on the availability of interradicular spaces.®
The investigators used periapicals instead of tomographic images to compare 60 subjects
with skeletal Class I, 11, or III patterns. It was shown that the availability of
interradicular space was mainly influenced by the axial inclination of teeth, which
changed due to dentoalveolar compensation to variations in sagittal skeletal
discrepancies. For all skeletal patterns, the safest zone of the posterior maxilla was
between the second premolar and first molar and the least safe was between the first and
second molars. In the posterior mandible, the safer zones were located between the first

and second premolars and between the first and second molars.

Gingival Thickness

In 1977, Goaslind et al measured gingival thickness on 10 male patients (age 25-
36) with healthy gingiva using a transformer probe assembly excited by an oscillator and
coupled to a digital voltmeter.*® The mean thickness for the depth of the gingival sulcus
(the free gingival measurement) for all teeth measured was 1.56 + 0.39 mm. The mean
thickness of the attached gingiva was 1.25 + 0.42 mm. Thickness of attached gingiva
increased from anterior to posterior in the mandible, and remained relatively constant in

the maxilla.
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More recently, Cha et al evaluated soft tissue thickness of the buccal attached
gingiva of 61 young Korean adults using an ultrasonic gingival-thickness meter.*’
Measurements were made just adjacent to the mucogingival junction in the upper and
lower arches. The buccal gingival thickness in the upper arch ranged from 1.05 to 1.84
mm, with a mean of 1.26 mm. The thickness on the lower arch ranged from 1.02 to 1.61
mm, with a mean of 1.17. These results corroborate the initial findings of Goaslind et

al .3

Cortical Bone Thickness

It has been suggested that initial MSI stability may be influenced more by
cortical bone thickness than by implant length.*® This was based on the fact that initial
stability is achieved by mechanical retention in cortical bone rather than
osseointegration. The bony surface must ideally be sufficiently thick to mechanically
retain the miniscrew, but not so thick that insertion torque increases to the point that
there is excessive stress at the implant-bone interface. As described previously,
compressive stress that reaches a sufficiently high level may result in necrosis and local
ischemia of the bone surrounding the implant.™

Papageorgiou et al suggested that cortical bone thickness might be important for
MSI success because, on the exploratory analysis of two studies in their meta-analysis,
they found that a zone of cortical bone thickness of 1 mm or more was associated with

fewer failures.*®
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Because there was no comprehensive assessment of cortical bone thickness at
common MSI placement sites, Farnsworth et al used CBCTs on 26 adolescents and 26
adults to analyze the thickness of the buccal cortical plates in both the mandible and the
maxilla.* Thickness was greater in adults than adolescents in all locations except the
infrazygomatic crest, posterior paramedian palate, and mandibular buccal site between
the first and second molars. In the mandible, thickness increased from anterior to
posterior; in the maxilla, thickness remained relatively consistent. Based on these results,
one could expect interradicular cortical bone to average 0.8-2.5 mm thick in the
mandible, and 0.8-1.4 mm in the maxilla.

In 2014, Cassetta et al looked at cortical bone thickness using 48 CT scans
divided into groups based on age, gender, and sites at 2, 4, 6, and 8 mm apical to the
gingival crest.”’ Generally, it is recommended to place MSIs about 4 mm apical to the
alveolar crest, just below where the attached gingiva meets with the mucogingival
junction. At this height, the researchers measured interradicular cortical bone thickness
as ranging from 1.41-1.69 mm in the mandible, and 1.22-1.52 mm in the maxilla.

Horner et al looked at the differences in cortical bone thickness between hyper-
and hypodivergent patients.”’ Because cortical bone adapts to strains that are placed on
it, and varying facial divergence results in differences in facial musculature and bite
forces, they hypothesized that there may be a difference between high angle and low
angle patients. Pre-treatment CBCTs of 57 patients were used to measure the buccal and
lingual cortex thickness between each of the posterior teeth at approximately 5 mm

apical to the alveolar crest. In general, cortical bone was thicker in hypodivergent
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patients. Differences between groups were small in the maxilla. In the mandible, cortical
bone thickness increased from anterior to posterior, probably due to increased bite force
in the posterior. In both groups combined, mean mandibular buccal thickness ranged

from 1.26-3.06 mm, and mean maxillary thickness ranged from 0.99-1.36 mm.

Conclusion

If one were to complete a risk analysis, there should be little to no risk of hitting
a tooth root in the buccal posterior region when placing 3 mm miniscrews in
interradicular spaces that are 3 mm wide, with 1-1.5 mm of attached gingival thickness,
and 1-1.5 mm thick cortical bone.

As has become apparent in these studies, shorter MSIs have great potential to
provide orthodontists superior versatility in terms of placement sites intraorally. With a
reduced potential for tooth damage, orthodontists would have more options for MSI
placement locations that were previously precluded by longer MSIs. Additional insertion
sites could yield treatment alternatives with improved biomechanics and fewer unwanted
side effects resulting from non-ideal MSI locations. Decreased insertion torque needed
to place shorter implants may yield decreased microdamage at the bone-implant
interface, thus resulting in quicker healing time. In addition, without a need for tooth
root separation prior to insertion, total orthodontic treatment time would decrease.

Multiple studies have shown 3 mm MSIs to be stable at various forces in animal
models. *'? Unfortunately, data from animal studies cannot be extrapolated to direct

application in humans. For example, there are differences in gingival thickness, bone
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thickness, and bone density between rabbits, beagle dogs, and humans. To date, there are

no studies evaluating the feasibility of the use of 3 mm miniscrew implants in humans.
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CHAPTER II

BACKGROUND

The advent of mini-screw implants (MSIs) has provided orthodontists with a
valuable tool for attaining maximum or near absolute anchorage. Once affixed in bone,
mini-screws make it possible to manage the forces applied to teeth more precisely and
without adverse reciprocal tooth movements. MSIs have gained rapid popularity and
acceptance due to their easy placement and removal in a number of intraoral locations,
as well as their affordability, minimal invasiveness, and patient acceptance.”* They are
particularly advantageous when extraoral appliances are impractical and patient
compliance is unreliable.>* Although patients initially presume that MSIs are painful and
uncomfortable, it has been reported that they can be non-painful or less uncomfortable
than other orthodontic appliances, and that patients would recommend them as a
treatment modality to their friends and relatives.’

Although MSIs are a versatile tool for anchorage, they are not guaranteed to
remain stable after placement. Systematic reviews report failure rates ranging between
13.5-20% when useable mobile and displaced MSIs are included.”>® Failure rates
reported by practicing orthodontists are similar: 85% of respondents to a 2008 survey
reported MSI failures of 25% or less.’ In addition to stability concerns, the potential for
root damage is a primary deterrent for many orthodontists.® Although root injury caused
by MSI placement usually heals unremarkably, it can cause localized bone loss,

ankylosis, and pulpal damage leading to devitalization of the tooth.”**?
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The risk of root contact during placement would be substantially less for shorter
3 mm MSIs than for traditional 6 or 8 mm long MSIs. Interradicular spaces between
tooth roots are, on average, 3 mm wide in the posterior segment.® Soft tissue thickness
just adjacent to the mucogingival junction is approximately 1-1.5 mm thick,***” and
interradicular cortical bone thickness has been reported to range from 0.8-3.06 mm in the

mandible and 0.8-1.52 mm in the maxilla.®*!

Taking these factors into consideration,
there should be little to no risk of hitting a tooth root in the buccal posterior region when
placing 3 mm MSIs. With a reduced potential for root damage, orthodontists would have
more options for MSI placement locations, yielding treatment alternatives with improved
biomechanics and fewer unwanted side effects. The need for root separation prior to
insertion would be reduced, which would decrease total orthodontic treatment times.
Furthermore, shorter MSIs could be used for dentofacial orthopedics in younger mixed
dentition patients, for whom potential damage to tooth buds and erupting teeth has
precluded miniscrew placement.

Experimental studies have shown that 3 mm MSIs loaded at various force levels
are stable in different animal models.*"? After problematic MSIs were excluded, an
overall failure rate of 9.4% was reported for 3 mm MSIs placed in canine jaws and
loaded with orthopedic level forces.® Liu et al reported an overall 9.2% failure rate in a
series of four studies that placed 3 mm MSIs in the cranium of rabbits and loaded them

9-12

with various expansive forces.” ~ Most recently, Truong et al reported a 3% failure rate

for fluted and non-fluted 3 mm MSIs loaded with 100 g of force in rabbits."
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No studies to date have examined the stability of 3 mm MSIs in humans. In
addition, no studies have evaluated the effect of experience on MSI failure rates.
Therefore, the purpose of this study was to assess the stability of immediately loaded 3

mm miniscrew implants placed in human subjects by an inexperienced operator.
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CHAPTER III

MATERIALS AND METHODS

Subjects

Adult subjects were recruited from a pool consisting of dental students, graduate
students, and staff at Texas A&M University Baylor College of Dentistry. The project
was approved by the Institutional Review Board (#2014-0849-BCD-FB) and informed
consent was obtained from all of the patients. Exclusion criteria included: 1) pregnant
females, 2) smokers, and 3), those taking medications that could affect bone metabolism.
A clinical and radiological exam was performed in order to qualify subjects for the
study. Periapical radiographs were taken on each side of the maxilla in order to visualize
the bone between posterior tooth roots (Figure 1). An intraoral exam was completed to
evaluate buccal frenum attachments, root eminences, and vestibular height. Subjects
were excluded if there was inadequate space between tooth roots, or if buccal frenum
attachment was located in site of miniscrew placement.

A power analysis indicated that 80 screws would be needed to establish an effect
size of 15%, assuming a power of 95% and an alpha of 0.05. A total of 82 miniscrews
were placed in 26 subjects (10 males, 16 females; age 22.6-45.7, mean 27.4 years). One
subject withdrew from the study before the miniscrews had been placed. Seventeen
subjects had four MSIs placed between the maxillary canines and first premolars, and
between second premolars and first molars. Six subjects had only one side that qualified,

and received two MSIs. Two subjects, who underwent previous orthodontic treatment
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that included extraction of premolars, had the posterior MSIs placed between the first

and second molars. Two subjects allowed only one MSI to be placed.

Placement Protocol

All measurements and procedures were performed by a single clinician using a
standardized placement protocol (Figure 2). Subjects brushed their teeth with toothpaste
and rinsed with Peridex chlorhexidine rinse (3M ESPE, Irvine, CA) for 45 seconds.
Topical anesthesia (20% lidocaine, 4% tetracaine, 2% phenylephrine) was applied at
each MSI site for 2 minutes and rinsed. Three subjects who experienced discomfort and
requested further anesthesia received anesthetic infiltration with 1/8 carpule of 2%
lidocaine with 1:100,000 epinephrine. After tissue numbness was verified, gingival
thickness was measured at the insertion site using a sharp explorer with an endodontic
rubber stop. The measurement was made perpendicular to the mucosal surface with light
pressure through soft tissue until hard bony surface was contacted. This measurement, as
well as all other measurements acquired throughout the study, was taken three times and
an average was recorded.

Each 3 mm long, 1.7 mm wide MSI (Dentos, Seoul, Korea) was placed
perpendicularly into bone using a manual driver. The MSIs were inserted until the screw
threads were no longer visible and the base of the necks were flush with the gingiva. In
subjects who had thicker than average gingiva (ie, greater than approximately 1 mm),
additional turns were applied to compensate. After full insertion, a digital torque

screwdriver (Imada, Northbrook, IL) was applied to each MSI for a half turn and the
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resulting insertion torque was recorded. Constant communication was maintained with
subjects during placement using a thumbs up/thumbs down system to ensure that they
experienced minimal pain during MSI placement.

After placement, periapical radiographs were taken to ensure that the MSIs were
located in bone between tooth roots (Figure 3). Pairs of adjacent implants were
immediately loaded with a nickel titanium closed-coil spring (Ormco, Orange, CA)
stretched to deliver a force of 100 g (Figure 4). Stainless steel ligature wires were
threaded through the miniscrew heads and attached to the springs. Triad gel (Dentsply,
York, PA) was applied and cured over the ligature ends to prevent potential wire
abrasion to the cheeks or gingiva. The distance between each pair of screws was
measured with calipers. Following placement, subjects rinsed with Peridex for an
additional 45 seconds, and were instructed to rinse each night for 5-7 nights. Intraoral
photos were taken, and oral hygiene and miniscrew care instructions were given.

Orthodontic wax was given to each subject for use as needed to prevent cheek irritation.

Follow-up

Subjects were recalled after 1, 3, 5, and 8 weeks. At each appointment,
miniscrew stability was verified and the distance between implants was measured.
Subjects were also given a follow-up questionnaire relating to pain and discomfort
experienced during the study (Appendix C). The first two questions were asked using a
10 cm Visual Analog Scale (VAS), with “No pain” and “Worst pain ever” as anchors.

The first question was used as a baseline to verify consistency between timepoints. The
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second question asked how much pain the patient was currently in. The third question,
anchored with “No discomfort” and “Worst discomfort ever”’, asked how much
discomfort the patient was currently experiencing. The next two questions asked subjects
whether they took medications to relieve pain or discomfort associated with the MSIs,
and whether they took medications to relieve pain or discomfort not associated with
MSIs. The final question asked if the miniscrew implants caused any type of injury.
Subjects were instructed to call the examiner if they experienced any problems or
had loose screws. If one screw on one side failed, it was replaced when there was
sufficient space intraorally to move the MSI more apically. In cases where vestibular
height precluded MSI replacement apically or where the previous site was inflamed, the
spring was removed and the MSI was not replaced. If both screws on one side failed,
they were removed and not replaced. After 8 weeks, all remaining springs and screws
were removed. Removal torque was recorded for the first counterclockwise turn of each

MSI using the digital torque screwdriver.

Statistical Analysis

SPSS Version 22 (SPSS Inc, Chicago IL) was used for data analysis. Insertion
torque, removal torque, and MSI distance data were analyzed using paired samples t-
tests. Failed and not failed MSI groups were compared using Chi-Square tests. Timing of
failures was evaluated using non-parametric Mann-Whitney tests. Significance was
determined for survey responses using Friedman tests, and differences between

timepoints were compared using 2-tailed Wilcoxon Signed Rank Tests. Significance for
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all data was set at p<0.05.
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CHAPTER IV

RESULTS

Failures

An implant was considered a failure if it exhibited any degree of mobility upon
examination (Table 1). The overall failure rate was 32.9% (27 out of 82 MSIs). The
failure rate of the anterior screws was 35.7% (15 out of 42 MSIs) and of the posterior
screws was 30.0% (12 out of 40 MSIs). Ten of the 27 failures were considered to be
incidental failures, or failures where the MSIs were unintentionally but traumatically
displaced by the subjects. Seven incidental failures (2 anterior, 5 posterior) occurred
during meals, with subjects biting into large or hard foods (examples include apples,
pears, and large hamburgers). One anterior screw was traumatically displaced when a
subject was hit in the face by a cell phone. In two cases of anterior trauma, the subjects
waited several days to have the failed MSI and attached spring removed. On exam, the
adjacent posterior screws were also mobile. Due to the likelihood that the posterior MSI
mobility was a consequence of either the initial trauma, or the instability of the loosened
anterior MSI and attached spring that were not removed in a timely manner, these two
failures were also considered incidental failures.

The remaining 17 failures were primary, or real, failures. The overall primary
failure rate was 23.6% (17 out of 72 MSIs). The primary failure rate for the anterior
screws was 31.6% (12 out of 38 MSIs) and the primary failure rate for the posterior

screws was 15.2% (5 out of 33 MSIs).
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There was no significant difference in failure rate between MSIs placed on the
right and left sides (Table 2, Figure 5) or between anterior and posterior screws (Figure
6A and 6B). There were significantly more failures in the first half of the screws placed
by the investigator than in the last half, when all screws were considered (Figure 7A) as
well as when incidentally displaced screws were excluded (Figure 7B).

Three failed screws were replaced more apically within one week of reported
failure. All three screws failed within 2 weeks of placement, and were not replaced
again. The remaining subjects either had short vestibular heights or buccal frenum
attachments that precluded MSI replacement more apically, or miniscrew sites that were
inflamed from previously loosened screws. In these cases, MSIs were not replaced. All
unloaded screws adjacent to failed MSIs (N = 15) maintained stability throughout the
remainder of the study.

All primary failures occurred on or before day 42 (Figure 8); on average, they
failed on day 24.5. Most failed between 15 and 26 days. Incidental failures, whose mean
occurrence was day 36.5, displayed no clear pattern and continued throughout the full

eight weeks of the study.

Insertion and Removal Torque

Insertion torque ranged from 2.3 to 10.7 Ncm, with a mean of 7.8 +/- 1.2 Ncm
for the anterior screws and 7.4 +/- 1.9 Ncm for the posterior screws, with no statistically
significant anteroposterior differences (Table 3). Removal torque ranged from 0.3 to 3.8

Ncm, with a mean of 1.7 +/- 0.9 Ncm for the anterior screws and 1.7 +/- 0.7 Ncm for the
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posterior screws. There was no significant difference in removal torque between the
anterior and posterior screws. Insertion torque was significantly (p < 0.01) larger than

removal torque for both anterior and posterior screws.

Gingival Thickness
Mean gingival thickness was 1.08 +/- 0.27 mm at the anterior insertion site, and
1.10 +/- 0.05 mm at the posterior insertion site (Figure 9). There was no statistically

significant difference in thickness between the anterior and posterior sites (p = 0.745).

MSI Tipping

The distances between pairs of adjacent MSIs decreased over time (Figure 10).
Significant decreases occurred between placement and week 1 (p <0.01), as well as
between weeks 1 and 3 (p = 0.027). Decreases thereafter were small and not statistically

significant.

Questionnaires

Median responses to the first question, regarding worst pain ever experienced,
ranged from 74.0 to 76.9, with no statistically significant differences between the four
time points (Table 4). There was a significant decrease (p < 0.01) in current pain
reported between weeks 1 and 3, with median pain decreasing from 2.2 to 0.3. A

significant decrease (p < 0.01) in current discomfort was also reported between weeks 1
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and 3. No statistically significant difference in current pain or discomfort was reported
after the first week.

The percentages of patients taking medication to relieve MSI-associated pain or
discomfort decreased from 61.6% at week 1, to 4.2% at week 3 (Table 5). This
represents a decrease of 57.4% between week 1 and 3, which was statistically significant
(p <0.01). One subject reported taking medication to relieve MSI-associated pain at
week 8, due to gingival swelling and soreness at the MSI site. Upon exam on the day of
removal (i.e., at 8 weeks), the MSI was found to be mobile. The percentage of subjects
taking analgesics for pain unrelated to MSIs ranged from 20.8% to 29.2%, with no
statistically significant differences between time points (Table 6).

When asked “Have the miniscrews caused any type of injury?”, 46.2% of
respondents responded affirmatively at week 1 (Table 7). Reported injuries were due to
cheek rubbing and mucosal ulceration from the MSI head (N=8), gingival sloughing due
to topical anesthetic (N=2), and gingival irritation due to the coil spring (N=2). One
subject reported injury on week 5, due to the recurrence of a small cheek ulceration that
lasted for three days. Another subject, who had the previously mentioned mobile screw,

reported painful and swollen gingiva at week 8.
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CHAPTER V

DISCUSSION

Incidental Failures

There are two types of miniscrew failures: real, or primary failures, which are
well-documented in the literature, and secondary or incidental failures, which are caused
by direct trauma and generally avoidable. In the present study, a significant number of
screws were traumatically dislodged by subjects. Most of these failures occurred when
subjects bit into large or tough foods. While subjects were initially advised to avoid hard
foods, these instructions were obviously ignored by some after they became acclimated
to the MSIs. There is no literature attributing unintentional subject-inflicted trauma as a
cause for miniscrew failure. In addition, MSI stability has not previously been assessed
in subjects not undergoing orthodontic treatment. An informal survey of four clinical
orthodontists, with a cumulative of 42 years of experience using MSIs in a private
practice setting, showed that ‘none’, ‘maybe one’, and ‘very few, if any’ trauma-related
failures occurred in their patients.

Decreased incidental failures might be expected among orthodontic patients
because they are less likely to bite and chew harder foods, usually due to orthodontic
pain and their tendency to choose a softer diet.”>”> This explains the significant
reductions in maximum isometric bite forces that occur after presurgical orthodontics”
and functional appliance therapy.”” Furthermore, the profile of orthodontic brackets and

wires provides a physical barrier that shields MSIs from forces delivered by food boluses
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during mastication. The profile of braces also displaces the cheeks and lips off of the
gingiva, which could provide a buffer to minimize muscular forces that would otherwise
transfer directly onto the MSI. In addition, orthodontic patients are usually given dietary
guidelines that restrict the consumption of hard or sticky foods that are difficult to eat
and more likely to cause appliance breakage. Since incidental trauma-related failures are
less likely among orthodontic patients, it is important to compare both the total failures

and the primary, non-traumatic failures to the literature.

MSI Failure Rate

The failure rate of 3 mm MSIs placed in human subjects by an inexperienced
operator is higher than previously reported rates for longer screws. The primary failure
rate in the present study was 23.6%. The most recent comprehensive systematic review
of the literature indicates that, on the basis of the 4987 MSIs placed in 2281 patients,
approximately 13.5% (95% confidence interval 11.5-15.8%) might be expected to fail.*®
However, this review included studies with various screw designs (several as long as 17
mm), placed throughout the oral cavity (i.e., maxilla, mandible, palate, retromolar pad,
etc.), and used for a variety of treatments. Due to the large variation in placement site
characteristics, MSI design factors, insertion techniques, and loading protocol, definitive
statements regarding causes of MSI failure could not be made, and larger prospective
controlled trials were recommended.

While there are no human studies using 3 mm MSIs to compare with,

experimental animal studies have reported good success rates. In canine jaws, Mortensen
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et al reported an overall failure rate of 9.4% for 3 mm MSIs after problematic MSIs (i.e.
those with broken tips and those that failed due to trauma) were excluded.® Liu et al
reported an overall 9.2% failure rate in a series of four studies that placed 3 mm MSIs in
the cranium of rabbits and loaded with various expansive forces.”'> Most recently,
Truong et al reported a 3% failure rate for fluted and non-fluted 3 mm MSIs loaded with
100 g of force in rabbits."* The discrepancy between human and animal studies suggests
that the stability of 3 mm MSIs is dependent on factors other than length.

Only two clinical studies have been published using shorter MSIs in the buccal
maxillary posterior segment of humans, and their results differ significantly. Suzuki et al
reported a failure rate of 6.6%, with no differences in stability between immediately-
loaded 5, 6, and 7 mm MSIs.’ * Baek et al reported a much higher 24.8% failure rate for 5
mm MSTIs that were loaded after two to three weeks.” These conflicting figures also
suggest that there must be some other factor or factors besides length that account for 3
mm MSI instability.

One factor that was potentially important in the current study was the MSI
insertion site. The primary failure rate for the anterior screws placed distal to the canine
was twice (30.8 vs 15.2%) as high as the rate for those placed between the second
premolar and first molar. This difference might be due to the anterior screws having
often been required to be placed in non-keratinized moveable mucosa, which is a known

b . . . _1 1
risk factor for miniscrew failure.**?°1°

Buccal frenum attachments were also frequently
located at varying heights distal to the canines, and may have placed intermittent forces

on the MSIs. In addition, several participants with higher smile lines complained that the
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corners of their upper lips “hooked” on the anterior MSIs when smiling. MSIs located
between the second premolars and first molars, the most common insertion location

documented in the literature, did not pose any of these issues.

Clinician Experience

Clinician experience is an important determinant for MSI success. One graduate
orthodontic resident, who had previously placed only five buccal MSIs, purposefully
placed all of the 3 mm MSIs in the current study, with significantly more of the screws
failing during the first half of the study than the second (35.3% versus 13.2% failure).
The primary failure rates during the last half of the experiment were 14.3% and 11.8% in
the anterior and posterior sites respectively, which are similar to or less than failure rates
reported for longer screws.’®*® Failure rates might have been further reduced with
greater clinical experience, improved insertion techniques, and modification of the MSI
design. It has been previously shown that MSI failure rates decrease during the course of
investigations.'*>'”* A significant difference in failure rates between professors and
postgraduate students (1.9% versus 29.2%) has been reported for buccal implants used
for posterior tooth distalization.'™ In a study that evaluated operator learning curve in
addition to various other factors related to MSI success, a novice operator’s failure rate
with 5 mm MSIs placed in the midpalate decreased from 25% (9 out of 36 MSIs) during
the first 18 months, to 8.8% (6 out of 68 MSIs) during the next 18 months, with further
decreases thereafter.'” Improved skills over time are important for success and must be

a consideration for future MSI stability evaluations.
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Timing of Failures

Failures of 3 mm miniscrews mostly occur between two to four weeks after
insertion. On average, primary failure of MSIs in the current study occurred at 24.5 days.
Multiple studies have reported that the majority of MSI failures occur within one month
after placement.*®%%'%1% [ ongitudinal assessments of MSI stability in dogs reveal that
stability decreases for 3 weeks, followed by increases thereafter.*”''*'"! Following MSI
insertion, damaged bone must be removed by osteoclasts during the initial stages of the
healing process, which decreases primary stability. Following alveolar trauma,
osteoclastic activity increases during the first week, and declines to control levels after
approximately 3 to 4 weeks.''>'"® Newly formed immature bone is evident around MSIs
after 2 to 3 weeks.*”!'* Stability increases are evident after 3-4 weeks as the deposition
and remodeling of new bone around the implant over time (i.e., increased secondary

49,110,111

stability) surpasses the resorption of the old bone. Strategies to reduce trauma to

bone during insertion should produce greater MSI stability.

Insertion and Removal Torque

Insertion torque measurements indicate that the primary stability of 3 mm MSIs
is similar to the primary stability of longer screws. In the present study, insertion torque
ranged from 2.3 to 10.7 Ncm, with a mean of 7.8 and 7.4 Ncm in the anterior and
posterior sites, respectively. These values are comparable to several previous reports
using 8 mm MSIs.”"**!">117 Considerably higher mean insertion torques, up to 16.95

Nem, have been reported for longer self-drilling MSIs.®' Lower placement torque values,
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under 5 Ncm, have been reported for 5, 6, and 7 mm MSIs placed between the maxillary
and mandibular second premolars and first molars, with the greatest insertion torques
measured for the longer length MSIs placed in the mandible.’* Lower torque values may
have been due to pre-drilling.**''®

Importantly, insertion torque in the present study was within the range
recommended by Motoyoshi et al, who reported significantly higher stability rates for
MSIs (pre-drilled 8 mm screws) with maximum insertion torques ranging from 5 to 10
Ncm, than for those with maximum insertion torques less than 5 or greater than 10
Nem.”! Suzuki et al also found decreased stability when insertion torque exceeded 10.1
Nem.™ Interestingly, a recent systematic review found no strong evidence linking
specific insertion torque levels with higher success rates.”

Shorter and longer screws likely exhibit comparable insertion torque because
primary stability depends primarily on the cortical thickness and density.*** Cortical
bone thickness of 1 mm or more has been associated with fewer miniscrew failures.*®
Similar insertion torque between short and long screws suggests similar primary
stability, and will likely result in a similar healing process.

On the other hand, removal torque indicates that 3 mm MSIs may have decreased
secondary stability compared with longer screws. The average removal torque for the 3
mm MSIs was 1.7 Ncm, with a range from 0.3 to 3.8 Ncm. These values are lower than
mean removal torques reported by previous studies, which range from 4.4 to 16.4
Nem. 0112 One explanation for lower removal torque is the significantly shorter

healing time in the present study compared to others. The average healing times for the
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previously mentioned studies ranged from approximately 6.5 to 23 months, while the
maximum healing time for the 3 mm MSIs in the present study was 56 days. Since
healing is a continual process, it is safe to assume that removal torque would increase
with increased study duration. A second, more obvious reason for decreased removal
torque is the simple fact that the previous reports used MSIs that were 8 mm or longer,
and the present study used short 3 mm MSIs. Secondary stability increases as
osseointegration occurs. Bone has been shown to form along the entire surface of MSIs

during the healing phase_m,lzo,lzl

Since shorter screws have less surface area than longer
screws, they would also have less bone-to-implant contact, and therefore decreased
secondary stability.

It remains unknown how much osseointegration, or secondary stability, is
“enough” with regards to MSI stability. Studies report a wide range of removal torque
values, from 2.4 to 35.4, for stable MSIs.””!'"” It has also been reported that MSIs can
fracture at removal if the removal torque exceeds the limits that the MSI can withstand.”’
These reports demonstrate that higher, does not necessarily mean better. Importantly,
though removal torque values were low in the present study, multiple screws exhibited
bony fragments embedded in the threads upon MSI removal. This indicates that a

functional connection was established between the bone and the 3 mm MSIs, beyond the

bone-to-implant contact described by Branemark*® as osseointegration.
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MSI Tipping

Miniscrew implants tip during the first few weeks after insertion. In the present
study, the distances between pairs of implants decreased significantly during the first
three weeks. Clinically, the change was minimal, with an average total decrease of
approximately 0.5 mm between the screw heads (or 0.25 mm per MSI). Longer 17 mm
MSTIs placed in the zygomatic buttress have been reported to be displaced 0.4 mm.'*
After 6 months of continuous loading, 7 mm MSIs have been shown to tip 1 mm at the
screw head in the axial plane and 0.73 mm in the coronal plane.'*> Mortenson et al
showed that, over a 6-week observation period, 6 mm MSIs moved 1.8 mm, and 3 mm
MSIs moved 2.2 mm, with the amount of tipping that occurred being related to the
applied forces.® It is likely that the majority of miniscrew displacement occurs during the
first few weeks before newly remodeled bone achieves intimate contact with the MSI
threads.*”* Importantly, the displaced and tipped MSIs reported in all studies were
sufficiently stable to maintain orthodontic forces, indicating that MSIs do not have to
remain absolutely stationary under orthodontic loading in order to achieved desired

treatment effects.

Pain Questionnaires

Pain and discomfort experienced after MSI insertion was minimal and mild.
Reported values (2.2% pain and 5.5% discomfort) in the present study peaked at one
week, with little or no pain or discomfort thereafter. Buschang et al showed that, while

50% of patients expect MSIs to be moderately or very painful before placement, none
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reported that they were moderately or very painful after treatment.’ Patients who had
longer (6-12 mm) miniscrews placed reported peak pain (19.5%) one hour after MSI
insertion, which was less than half of peak levels reported by patients with traditional

orthodontic appliances.”®'**

Subjects in the present study probably also experienced
increased pain one hour after insertion. However, because shorter screws are situated
further from the periodontal ligament surrounding the tooth roots, the subjects in the
present study probably experienced less pain than if longer screws had been placed.
Though analgesic medication was recommended to all subjects immediately
following implant placement, only 46% reported consuming medication to relieve MSI
associated pain within the first week. Pain was attributed to injuries caused by MSI
placement, including cheek rubbing, ulceration, gingival sloughing from topical
anesthetic, and gingival irritation from the coil springs. Importantly, irritation in most
subjects was resolved after 3-4 days, and not present at the one week recall. Oral
ulceration has been reported in 42-76% of patients with traditional orthodontic
appliances.'*>'?® Patients should not expect overall pain or discomfort with

comprehensive orthodontic treatment to be any greater with the adjunct use of

miniscrews.

Clinical Implications
Stable 3 mm MSIs provide numerous clinical advantages over longer screws. To
minimize the potential for failure, shorter MSIs could be tied off with a light force for 6-

8 weeks before applying higher forces. The increased potential for failure between 2-4
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weeks should be emphasized when using 3 mm screws, perhaps with electronic
reminders, so that the patients may exercise caution when eating and avoid harder foods
during this time. Improvements to the MSI design may yield improved stability and
patient acceptance. For example, the hexagonal head of the current design has sharp 90°
edges that frequently irritated the subjects’ cheeks. Increases in MSI diameter, fluting,
and SLA surface treatment are all proven ways to increase the stability of 3 mm
MSIs.°”'?7 Patients should be informed to expect pain and discomfort experienced
initially to decline to minimal levels after 1 week. Orthodontic wax may be
recommended to prevent mucosal irritation, which is likely in the first week. Perhaps

most important, the MSIs need to be placed by experienced operators.
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CHAPTER VI

CONCLUSIONS

3 mm MSIs placed by an inexperienced operator in humans are more likely to fail.
With clinical experience, failure rates can be dramatically improved.

Failures of 3 mm MSIs occur mostly between 2-4 weeks after insertion.

3 mm MSIs have acceptable levels of insertion torque but low removal torque.

3 mm MSIs tip during the first few weeks after insertion.

Pain and discomfort experienced after 3 mm MSI placement is minimal and
temporary.
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APPENDIX A

FIGURES

Figure 1. Periapical radiographs taken on each side of the maxilla in order to visualize
bone between posterior tooth roots. Planned MSI sites (located between the upper
canines and first premolars, and between second premolars and first molars) are
indicated by black arrows.
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Figure 2. MSI placement protocol. A. Topical anesthesia was applied at each MSI site
for 2 minutes and rinsed. B. After anesthesia was verified, gingival thickness was
measured at the insertion site using a sharp explorer with an endodontic rubber stop
placed perpendicular to the mucosal surface with light pressure through soft tissue until
hard bony surface was contacted. C. 3 mm MSIs were inserted perpendicularly into bone
using a manual driver. MSIs were inserted until screw threads were no longer visible and
the base of the necks were flush with the gingiva. D. After full insertion, a digital torque
screwdriver was applied to each MSI for a half turn and the resulting insertion torque
was recorded.
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Figure 3. Periapical radiographs taken after MSI placement to ensure that the MSIs were
located in bone between tooth roots.

Figure 4. Pairs of adjacent implants were immediately loaded with a nickel titanium
closed-coil spring stretched to deliver a force of 100g.
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Figure 5. Percentages of MSI failures for the right and left sides.
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Figure 6A. Percentages of anterior and posterior MSI failures, out of all MSIs placed
(i.e., 82 total).
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Figure 6B. Percentages of anterior and posterior MSI failures, excluding incidental
failures (i.e., 72 total).
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Figure 7A. Percentages of MSI failures for those placed early (i.e., the first half of MSIs
placed by investigator) and late (i.e., the last half placed), for all MSIs placed (82 total).
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Figure 7B. Percentages of MSI failures for those placed early (i.e., the first half of MSIs
placed by investigator) and late (i.e., the last half), excluding incidental failures (72

total).
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Figure 8. Day at which the primary and incidental failures occurred.
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Figure 9. Gingival thickness measurements (mean +/- SD) at the anterior and posterior

MSI insertion sites.
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Figure 10. Mean change in distance between adjacent MSIs at each time interval (+/-
standard error of the mean)
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APPENDIX B

TABLES
Table 1. Miniscrew failure rate
All Failures Primary Failures
(primary and (excluding

incidental fails)

incidental fails)

All MSIs 27/82 (32.9%) 17/72 (23.6%)
Anterior MSIs 15/42 (35.7%) 12/38 (31.6%)
Posterior MSIs 12/40 (30.0%) 5/33 (15.2%)

Table 2. Factors potentially associated with MSI failure

Factor Failed Not failed Sig.
. 14/46 32/46
Side Right (30.4%) (69.6%) 0547
Left 13/36 23/36
(36.1%) (63.9%)
Anterior 15/42 27/42
AP (35.7%) (64.3%) 0.582
(all screws - 82 total) Posterior 12/40 28/40 )
(30%) (70%)
. 12/39 27/39
fexcl PR Anterior (30.8%) (69.2%)
g incidental 0.120
fails — 72 total) Posterior >33 28/33
(15.2%) (84.8%)
Early (first 19/41 22/41
Time of placement half placed) (46.3%) (53.7%) 0.010
(all screws — 82 total) Late (last half 8/41 33/41 )
placed) (19.5%) (80.5%)
Time of placement Early (first 12/34 22/34
(excluding incidental |21 Placed) (35.3%) (64.7%) 0.026
fails — 72 total) Late (last half 5/38 33/38
placed) (13.2%) (86.8%)

Bold term indicates significance (p < 0.05)




Table 3. Mean MSI insertion torque and removal torque at 56 days

Insertion Torque | Removal Torque Diff
(Nem) (Nem) '
Anterior Mean 7.75 1.71
MSIs SD 124 0.94 p<0.01
Posterior Mean 7.39 1.69
MSIs SD 1.92 0.70 p<0.01
Diff. p=0.193 p=0.686

Table 4. Pain and discomfort [medians (Med) and interquartile ranges] associated with
miniscrews at follow-up timepoints, measured on a Visual Analog Scale

Week 1 Week 3 \ Week 5 \ Week 8
% 25% | Med | 75% | 25% | Med | 75% | 25% | Med | 75% | 25% | Med | 75%
W‘;rvsérﬂam 57.9 | 753 | 80.8 | 59.0 | 74.6 | 82.1 | 53.4 | 74.0 | 83.9 | 58.4 | 76.9 | 82.9
Current | 01 25 | 82 ] 00| 03|28 00|00 19]00]00] 13
Pain
Current | 5 ¢\ 55 1159 00 | 1.0 | 3.9 | 0.0 | 05| 29 | 0.0 | 0.0 | 22
Discomfort

*Indicates the worst pain ever experienced by the subject prior to study participation

Table 5. Frequency of responses to the question, “Did you take medication to relieve
ain or discomfort associated with miniscrews?”

Never Seldom Frequently Always
Week 1 | 10/26 (38.5%) 12/26 (46.2%) 4/26 (15.4%) -
Week 3 | 23/24 (95.8%) 1/24 (4.2%) - -
Week 5 | 24/24 (100%) - - -
Week 8 | 23/24 (95.8%) 1/24 (4.2%) - -
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Table 6. Frequency of responses to the question, “Did you take medication to relieve

ain or discomfort not associated with miniscrews?”

Never Seldom Frequently Always
Week 1 | 19/26 (73.1%) 7/26 (26.9%) - -
Week 3 | 17/24 (70.8%) 7/24 (29.2%) - -
Week 5 | 19/24 (79.2%) 5/24 (20.8%) - -
Week 8 | 19/24 (79.2%) 4/24 (16.7%) 1/24 (4.2%) -

Table 7. Frequency of responses to the question, “Have the miniscrews caused any type

of injury?”

No Yes
Week 1 14/26 (53.8%) 12/26 (46.2%)
Week 3 24/24 (100%) -
Week 5 23/24 (95.8%) 1/24 (4.2%)
Week 8 23/24 (95.8%) 1/24 (4.2%)
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APPENDIX C

T A
INSTRUCTIONS ON FILLING | [FXASASM UNIVERSITY

OUT QUESTIONNAIRE COLLEGE OF DENTISTRY

~

exas A&M Health Science Center

Patient #
Date

Each of the sheets that follow have 6 questions apiece. The 6 questions will ask you about
discomfort you have previously experienced and are currently experiencing as well as about
pain medications that you have taken.

The first question will ask you to remember the worst discomfort of your life and record the
discomfort on the line between the phrases, “No Discomfort” and “Worst Discomfort Ever”

Example 1: Please rate the worst physical discomfort that you have ever experienced in your
life on the following line.

Let’s say that the worst discomfort that | have ever experienced was a broken arm and nothing
else that | have ever done has hurt that bad. | would mark this experience near the right end of
the line near “Worst Discomfort Ever”

[ .
No Discomfort Worst Discomfort Ever

Example 2: In the past week, how often did you take medication to relieve pain or discomfort
due to the miniscrews?

Please answer these questions with a 1 for never, 2 for seldom, 3 for often, and 4 for
always by CIRCLING the appropriate response.

Ex. In the past 24 hours how often did you take medication to relieve pain or
discomfort due to the miniscrews?
1=NEVER ~ Q@=SELDOM) 3=OFTEN 4= ALWAYS

Example 3: Have the miniscrew implants caused any type of injury?

Please mark the appropriate answer with a CHECK, and include any additional
information on the line.

[ INo [ 1Yes
If yes, describe the injury.
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PATIENT INFORMATION
AND SURVEY: WEEK 1

Patient #

Date

TEXAS A&M UNIVERSITY

BAYLOR
COLLEGE OF DENTISTRY

Texas A&M Health Science Center

1. Please rate the worst physical pain that you have ever experienced in your life.

No Pain

o
Worst Pain Ever

2. Rate the amount of pain that you are currently experiencing with your miniscrews.

No Pain

Worst Pain Ever

3. Rate how much discomfort you are currently experiencing with your miniscrews.

No Discomfort

In the past 1 week, how often:

. ]
Worst Discomfort Ever

4. Did you take medication to relieve pain or discomfort associated with miniscrews?

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

5. Did you take medication to relieve pain not associated with miniscrews?

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

6. Have the miniscrew implants caused any type of injury?

[ 1No [ 1Yes
If yes, describe the injury.
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1.

2.

3.

In the past 1 week, how often:

PATIENT INFORMATION
AND SURVEY: WEEK 3

Initials

Date

TEXAS A&M UNIVERSITY

BAYLOR
COLLEGE OF DENTISTRY

Texas A&M Health Science Center

Please rate the worst physical pain that you have ever experienced in your life.

No Pain

o
Worst Pain Ever

Rate the amount of pain that you are currently experiencing with your miniscrews.

No Pain

9
Worst Pain Ever

Rate how much discomfort you are currently experiencing with your miniscrews.

No Discomfort

. ]
Worst Discomfort Ever

4. Did you take medication to relieve pain or discomfort associated with miniscrews?

5.

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

Did you take medication to relieve pain not associated with miniscrews?

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

Have the miniscrew implants caused any type of injury?

[ 1No [ 1Yes
If yes, describe the injury.
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1.

2.

3.

In the past 1 week, how often:

PATIENT INFORMATION
AND SURVEY: WEEK 5

Initials

Date

TEXAS A&M UNIVERSITY

BAYLOR
COLLEGE OF DENTISTRY

Texas A&M Health Science Center

Please rate the worst physical pain that you have ever experienced in your life.

No Pain

o
Worst Pain Ever

Rate the amount of pain that you are currently experiencing with your miniscrews.

No Pain

9
Worst Pain Ever

Rate how much discomfort you are currently experiencing with your miniscrews.

No Discomfort

. ]
Worst Discomfort Ever

4. Did you take medication to relieve pain or discomfort associated with miniscrews?

5.

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

Did you take medication to relieve pain not associated with miniscrews?

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

Have the miniscrew implants caused any type of injury?

[ 1No [ 1Yes
If yes, describe the injury.
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1.

2.

3.

In the past 1 week, how often:

PATIENT INFORMATION
AND SURVEY: WEEK 8

Initials

Date

TEXAS A&M UNIVERSITY

BAYLOR
COLLEGE OF DENTISTRY

Texas A&M Health Science Center

Please rate the worst physical pain that you have ever experienced in your life.

No Pain

o
Worst Pain Ever

Rate the amount of pain that you are currently experiencing with your miniscrews.

No Pain

9
Worst Pain Ever

Rate how much discomfort you are currently experiencing with your miniscrews.

No Discomfort

. ]
Worst Discomfort Ever

4. Did you take medication to relieve pain or discomfort associated with miniscrews?

5.

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

Did you take medication to relieve pain not associated with miniscrews?

1=NEVER 2 =SELDOM

3 =0FTEN

4 = ALWAYS

Have the miniscrew implants caused any type of injury?

[ 1No [ 1Yes
If yes, describe the injury.
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