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Failure Rates for SS and Ti-Alloy Incisal
Anchorage Screws: Single-Center, Double Blind,
Randomized Clinical Trial

Abstract

Objective: Compare the 6 month failure rates for stainless steel (SS) and titanium alloy (Ti) miniscrews placed between the roots of
maxillary central and lateral incisors. The null hypothesis was that there is no statistical difference in the failure rates for screws made
of SSorTi.

Materials and Methods: Over a three year period (2014-17), 320 consecutive 1.5x8mm miniscrews (OBS®, iNewton Dental Ltd,
Hsinchu City, Taiwan) were placed bilaterally between central and lateral incisor roots in 160 consecutive patients (26 males, 134
females, mean age 25.9 yr, range 10-58 yr). All of the screws served as temporary anchorage devices (TADs) to intrude the maxillary
anterior dentition. Half the TADs were made of 316LVM surgical stainless steel (SS) and the other half (160) were composed of Ti6AI4V
titanium alloy (Ti). All the miniscrews were placed by the same orthodontist with a double blind, split mouth design. Torque was
measured when each screw was seated to provide an index of primary stability. All TADs were immediately loaded with 2-oz (57g, 55
¢N), and used for at least 6 months as anchorage to intrude the maxillary anterior segment. Anchorage loss due to a loose screw was
defined as a failure.

Results: The overall failure rate was 7.2% for incisor anchorage screws placed in cortical bone about 0.6mm thick. For the right
and left sides combined (n=160 for each material), 18/160 SS (11.25%) and 5/160 Ti (3.125%) failed. A chi-square test revealed the
difference in failure rates was statistically significant (p<0.05). Torque levels indicating primary stability were relatively consistent (5.8-
6.1N-cm), and appear to be unrelated to TAD failure. The hypothesis was rejected because Ti alloy has a superior success rate to SS as

a material for incisal miniscrews.

Conclusions: TADs made of Ti alloy have a lower failure rate compared to SS when placed in thin cortical bone. These results are
consistent with a biocompatibility-related tendency for less bone resorption at the bone screw interface. (J Digital Orthod 2018;52:70-
79)
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Introduction

Gummy smile or excessive gingival exposure when smiling is a common chief complaint relative to
dentofacial esthetics. Orthognathic surgery may be indicated for severe discrepancies, but orthodontic
treatment with miniscrew anchorage and conservative periodontal surgery produces a desirable, less

invasive outcome (Fig. 7).
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Temporary anchorage devices (TADs) are common sources for orthodontic anchorage,” but there is
controversy over the most desirable material for a particular site. Incisal screws are a promising new approach
for intrusive anchorage in the maxillary anterior region (Figs. 2 and 3). Stainless steel (SS) is a well established
material for orthopedic devices, but titanium alloy (Ti) is recognized as a more bone biocompatible material
for constructing osseointegrated implants.” If a TAD, not designed to integrate, is placed in thick bone, SS
may be a superior material because it is stronger (less brittle) compared to Ti.” However, biocompatibility
may be an issue for thin cortical bone sites. Ti may be preferred because of enhanced bone biocompatibility,
particularly with respect to nickel sensitivity. There are no reported studies investigating the material of
choice for maxillary anterior TADs. The null hypothesis was that there is no statistical difference in the failure
rates between SS and Ti miniscrews.

W Fig. 1:
Excessive gingival exposure when smiling (left) is conservatively corrected (right) with orthodontic intrusion, anchored with
maxillary anterior incisal bone screws, and periodontal crown-lengthening surgery.
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Materials and Methods

A total of 320 consecutive 1.5x8mm (Fig. 3) (OBS”",
iNewton Dental Ltd, Hsinchu City, Taiwan) miniscrews
were placed bilaterally between central and lateral
incisor roots of 160 consecutive patients (26 males
and 134 females, mean age 25.9 yr, range 10-58 yr). All
the screws were placed in the same center by the

12 mm SS

Mx Impaction & Distalization

H Fig. 2:

The chain of elastics from the infrazygomatic crest (IZC)
bone screw to the cuspid bracket has distal and vertical
components (blue arrows) that produce a clockwise moment
(blue curved area) around the maxillary center of resistance
(small red cross). The maxillary anterior miniscrew anchors an
intrusive force (yellow arrow) that creates a counterclockwise
moment (yellow curved arrow) tending to flare the maxillary
incisors. The presumed resultant for all the applied loads is
the green arrow to intrude and retract the entire maxillary
arch.

same orthodontist over a three-year period (2074-
17). The TADs were screwed to place with a torque
wrench to standardize the engagement with
supporting bone and ensure initial stability (Fig. 4).

An alternating, randomized split mouth design
was utilized for miniscrews as specified in Fig. 5.
Half of the screws (160) were made of 316LVM
surgical stainless steel (SS) and the other half (160)
were composed of TibAl4V titanium alloy (Ti). Code
numbers were assigned to pairs of miniscrews
(one SS and one Ti), with a specification for which
screw to install on each side. Only the data assessor
(statistician) knew the actual code for each patient.

The blinded, alternating placement method insured
that uniform numbers of screws of each type were
tested on the right and left sides throughout the
study. According to the code, one pair of screws
was randomly selected for each patient. Neither the
clinician, staff nor patient was aware of the screw
composition for TADs placed on each side (double
blind randomized design). At the end of the study the
data were decoded according to side (right or left)
and material type (SS or Ti), and were then sorted

H Fig. 3:
A randomized split mouth design compared the failure rate
for miniscrews made with SS and Ti alloy.

m Fig. 4:
The torque value to seat each incisal bone screw was
measured with a clinical torque wrench.
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W Fig. 5:

Specifications are illustrated for 1.5x8mm miniscrews designed to be inserted between central and lateral incisors with a self-

drilling technique.

into four groups of 80 miniscrews each: left SS, left
Ti, right SS, and right Ti. Failure rates were calculated
for each of the four groups (Fig. 6), and tested for
significant differences using a chi-square test, with
p<0.05 as the minimum standard for significance. All
failures were plotted according to the right and left
sides (Fig. 7), divided according to material type (Fig. 8),
and then subdivided according to side (Fig. 9).

75% Rt

H Fig. 6:
Failure rates of SS and Ti miniscrews are illustrated in
multiple colors for the right and left sides respectively. The
upper image is for SS on the right and Ti on the left. The
lower image summarizes data for the opposite configuration.
The overall data is shown in the center: 23 failures out of 320
miniscrews (7.2%).

In Fig. 10, the average torque values are shown for
all miniscrews (Total), for those that failed (Failure), as
well as for screws placed on the right and left sides.
In addition average torque levels are documented
for all titanium alloy (Ti) miniscrews and for those
that failed (Failure Ti). Furthermore, failure rates for all
stainless steel (SS) TADs are compared to those that
failed (Failure SS) (Fig. 11).
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W Fig. 7:
The combined failure rate for the right side was 7.5% (1%¢0),
and comparative data for the left side combined was 6.875%
(*Vi60). The difference was not statistically significant.
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P<0.05
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M Fig. 8:
The overall failure rate for all screws was 7.2% (2%20), which
was divided into 11.25% (1%460) for SS, and 3.125% (%160) for
Ti. The red bracket shows that the difference was statistically
significant (P<0.05).

14%

W Fig. 10:
Average torque values were nearly equal: all miniscrews 6.0
N-cm, all failures 5.8 N-cm, all right side TADs 6.1 N-cm,
and all left side TADs 6.0 N-cm. There were no statistically
significant differences.
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Ti Failure Ti SS Failure SS
H Fig. 9: W Fig. 11:

For the right side, 12.5% (1%o) SS screws failed, but only 2.5%
(%0) Ti screws failed. For the left side, 10% (%z0) SS screws
failed, and 3.75% (3%o) Ti screws failed. The red brackets
document the differences were statistically significant
(P<0.05) on both sides.

Average torque values were sorted according to the material
composition of the miniscrews: all Ti 6.1 N-cm, Failure Ti 5.9
N-cm, all SS 5.9 N-cm and Failure SS 5.7 N-cm. There were
no statistically significant differences.
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Because of anatomic limitations, most of the incisor
screws (95%) were placed in movable mucosa,
mucosal type was not considered as a variable. After
achieving local anesthesia, a sharp dental explorer
was sounded through the soft tissue to mark the
desired skeletal site for the incisor miniscrew. A self-
drilling TAD was inserted into the site with no pre-
drilling or water cooling and was subsequently
screwed into the bone perpendicular to the bone
surface between the central and lateral incisors
(Figs. 3 and 12). All final engagements of TADs into
0sseous sites were measured with a torque wrench
(iNewton Dental Ltd, Hsinchu City, Taiwan) as shown
in Fig. 4. The final position of the screw platform for
all screws was in light-contact with the soft tissue.

%12 3nchored

Pre-stretched elastomeric chains,
by the incisal TADs, were applied to intrude the
maxillary incisors (Fig. 3). To avoid iatrogenic
problems, all miniscrews were immediately loaded
with only about 2-0z (57g, 55¢cN) of force " for at
least 6 months. Failure was defined as a lack of TAD
anchorage due to a miniscrew coming loose within

6 months.

The patients were instructed in oral hygiene
procedures to control inflammation. The pre-
stretched power chains were replaced every 4 weeks.
The stability of the incisor screws was tested at every
appointment for 6 months. Consent for participation
in this study was obtained from all patients (and the
parents if the patients were adolescents) before their
recruitment.

Results

Fig. 6 illustrates the regional differences in failure
rates for each material: 1. overall 23/320 (7.2%), SS
10/80 (72.5%) on the right, SS 8/80 (10%) on the
left, Ti 2/80 (2.5%) on the right, and Ti 3/80 (3.75%)
on the left. For all failures combined (n=320), 7.5%
were on the right and 6.875% were on the left (Fig.
7). Dividing the total failure data (7.2%) according
to material type, revealed a statistically significant
(P<0.05) increase in SS failures (11.25%) compared to
Ti (3.125%) (Fig. 8). For TADs placed on the right side,
failures were 10/80 (12.5%) SS and 2/80 (2.5%) Ti. Left
side results were 8/80 (10%) SS and 3/80 (3.75%) Ti
(Fig. 9). Chi-square analysis revealed that the lower
failure rates for Ti compared to SS were statistically
significant (p<.05) overall (Fig. 8) and on both sides
(Fig. 9). These data indicate Ti is superior to SS as the
material of choice, so the hypothesis was rejected.

The overall torque average value was 6.0 N-cm. The
average torque for the right and left sides were 6.1
N-cm and 6.0 N-cm, respectively. The corresponding
levels for screws that eventually failed was 5.8 N-cm,
which was not a statistically significant difference (Fig.
10). Dividing the data according to material, there
was a slight mean decrease of 0.2 N-cm between
the average and failure TADS for each material (Fig.
11), but that small difference was not statistically
significant. (P>0.05).
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Discussion

Gummy smile refers to excessive gingival display
during full smile. Orthodontic intrusion'®" with
TAD anchorage and/or surgical crown lengthening
improves the smile display."” Failure of TADs extends
treatment time, increases clinical effort and is
inconvenient for the patient. Potential factors that
may explain the advantage of Ti over SS are:

1. Screw specification: A double neck design and
with an insertion stop superior to the threads
provides for optimal mucosal clearance to prevent
food impaction and inflammation (Fig 5)."*" Light
contact of the alveolar mucosa allows for hygiene
to remove plaque and food debris that would
otherwise result in inflammation and swelling. The
thick platform supporting the head of the TAD
was designed to control overgrowth of inflamed
mucosa. The design and installation procedure
was identical for the SS and Ti screws, and no
difference in tissue reactions was evident when
the code was broke, so screw specification (Fig. 3)
did not appear to be related to TAD failure with
either material.

2. Movable mucosa (MM) or attached gingiva (AG):
Although AG is usually preferred when installing
an interradicular TAD,”*® soft tissue type had no
effect on the failure rate of extra-alveolar (E-A)
TADs placed in the infra-zygomatic crest (1ZC)'®

or mandibular buccal shelf (MBS)." Soft tissue

clearance up to 5mm below the TAD platform is

beneficial to prevent food impaction and permit

3.

optimal hygiene. However, such a large space
between the mucosa and the base of the screw
platform is inappropriate for incisal miniscrews
because the TAD prominence would be
uncomfortable for the patient. The double neck
design (Fig. 5) with light contact of the alveolar
mucosa proved adequate for oral hygiene and did
not irritate the lip (Fig. 72). The vast majority (95%)
of incisal TADs for this study were located in MM.
Soft tissue irritation was minimal, so mucosal type
did not appear to be an important factor relative
to TAD failure.

Insertion technique: Indeed, a surgical technique
can affect the failure rate.”” The difference in failure
rate between the right and left side was attributed
to the doctor’s hand position, especially for the
hand approaching the posterior buccal shelf area
of the mandible. It was more difficult to place
a MBS screw on the left side for a right-handed
surgeon. For the present study of maxillary incisal
screws, the small difference between the right
side 7.5% (12/160) and the left side 6.875% (11/160)
was not statistically significant, and was probably
due to the chance alone.

. Applied load: According to Dellinger,” light

force (50-100g) provided optimal intrusion of a
tooth with minimal tissue damage, particularly
root resorption."" All TADs (SS and Ti) in this
study were loaded with similar forces (2-oz, 57g,
55cN). The applied load was adequate for dental
intrusion, but did not appear to be a factor in TAD
failure.
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5. Cortical bone engagement: Screw torque values
as fixtures are seated is an indirect measurement
of primary stability’® relative to cortical bone
engagement.”’ When a TAD is installed at an angle
to the supporting plate of cortical bone, there is
increased bone contact at the screw interface,
which enhances the mechanical interlocking.”'
The torque value in seating a fixture is directly
related to cortical bone thickness, and Tmm of
cortical bone engagement is sufficient for the
primary stability of most TADs.”*”* However,
cortical bone thickness for the anterior buccal
plate of bone is only about 0.5-0.6mm (Figs.
12a).”*%" This is an important consideration
because even a 0.5mm difference in cortical bone
thickness (interface bone contact) can impact the
success rate.”” Cortical bone thickness for posterior
teeth is >1mm (Figs. 12b & ¢),”**° and the failure
rate for E-A bone screws is <10% at all sites. Since

torque values were similar for all incisal TADs
(Figs. 10 and 11), primary stability associated with
cortical bone engagement does not appear to be
an important factor in TAD failure.

. Material (SS or Ti): Maxillary incisal miniscrews

made of SS rather than Ti alloy have higher failure
rates (Figs. 6, 8 and 9). None of the five mechanical
and tissue factors analyzed above appears to
affect incisal screw failure, so a material affecting
on bone physiology at the screw interface may
1 documented intense
bone remodeling (>50%/yr) within Tmm of a Ti
miniscrew interface. Francis et al.’' noted the
intense remodeling within Tmm of the interface
was inversely related to the diameter of the screw.
Gabser et al. (2007)*” noted a short term decrease
in bone resorption at the osseous interface of Ti

favor Ti alloy. Huja et a

compared to SS screws, and there was a higher

W Fig. 12:

Cortical bone thickness is demonstrated with blue bars for three bone screw sites:

Maxillary incisor area (left), Mandibular buccal shelf (middle), and Infrazygomatic crest (right).

The average thickness of cortical bone engaging the screw at each site is marked with blue bars. Note that bone thickness is

considerably less in the maxillary anterior region (left).
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prevalence of reactionary cells (inflammation)
adjacent to SS screws. Furthermore, Ti screw
fixation of a metatarsal fracture is more successful
in achieving an osseous union compared to SS
screws.” These data suggest that Ti alloy may
have a slight advantage in bone biocompatibility
compared to SS. When the bone is thick such as
in the posterior maxilla, there was no significant
difference in the failure rate between Ti and
SS for infrazygomatic crest (IZC) bone screws.”
However, when the bone site is thin, a slight
advantage in resisting bone resorption at the
miniscrew interface may explain the significantly
enhanced short-term (6 mo) success rate for Ti
alloy compared to SS (Figs. 6, 8 and 9).

Conclusion

1. Overall failure rate for incisal screws placed in
the anterior maxilla was 7.2%, which is similar to
the reliability of bone screws placed in either the
mandibular buccal shelf or infrazygomatic crest.

2. There was a significantly lower failure rate for Ti
alloy (3.725%) incisal bone screws, compared to
identical screws made of SS (11.25%).

3. A slight biocompatibility advantage for resisting
bone resorption at a miniscrew interface may
explain the higher success rate of Ti alloy
compared to SS in thin cortical bone.
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