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Effects of thread shape on the pullout strength of
miniscrews

Antonio Gracco,? Costantino Giagnorio,” Serena Incerti Parenti,® Giulio Alessandri Bonetti,?
and Giuseppe Siciliani®
Ferrara and Bolgna, Italy

Introduction: The aim of this study was to determine the effects of variations in thread shape on the axial pullout
strength of orthodontic miniscrews. Methods: A total of 35 miniscrews, 7 of each design being considered, were
tested by performing pullout tests on a synthetic bone support. We used self-tapping and self-drilling miniscrews
having a diameter of 2 mm and a thread shaft length of 12 mm (the longest and the largest supplied by the
manufacturer). A buttress reverse thread shape served as the control design and was tested against 4
experimental designs, each manufactured with a modification in thread shape while maintaining all other
characteristics. The experimental groups had the following thread designs: buttress, 75° joint profile,
rounded, and trapezoidal. Results: The control group with a buttress reverse thread shape had consistently
higher pullout strength values than did the other designs. A stalistically significant reduction in pullout force
was found between the buttress reverse and the buttress thread miniscrews. Conclusions: Thread design influ-
enced the resistance to pullout of the orthodontic miniscrews. The buttress reverse thread shape provided the

greatest pullout strength. (Am J Orthod Dentofacial Orthop 2012;142:186-90)

he group of temporary anchorage devices, also

known as skeletal anchorage systems, includes

screw-type implants (miniscrews, mini-implants,
microscrews, and micro-implants), onplants, miniplates,
zygoma implants, and palatal implants.”™"" With respect
to other systems, miniscrews and miniplates are being
progressively adopted into clinical orthodontics.'' Mini-
screws are generally more widely used because of their
lower cost structure, ease of insertion and removal,
and versatility of placement.””'® In clinical practice,
miniscrews are loaded immediately after insertion, and
achieving maximum primary stability—ie, the screw’s
initial holding power in the bone—is therefore of prime
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importance.'®'™ Only with such stability are miniscrew

micromovements reduced, thereby favoring good
tissue healing, a necessary condition to maintain the
device in situ,"®*

Primary stability can be affected by various miniscrew
design features, including length, diameter, thread de-
sign (shape, pitch, and depth), and self-drilling vs self-
tapping threads.**>' Concerning thread design, little
scientific evidence is available regarding the influence
of thread shape on the mechanical yield of miniscrews.

Without an established gold standard for measuring
primary stability, research has been focused on the
in-vitro assessment of the biomechanical properties of
miniscrews as indicatars for their primary stability.””
Measuring performance in pullout tests with axial forces
is a well-established method to compare different screw
designs, and the resulting pullout strength has been
described in the orthopedic, maxillofacial surgery, and
orthodontic fields as a fundamental biomechanical
parameter contributing to the primary stability of
screws.” ' The aim of this in-vitro study was to evalu-
ate the role that variations in thread shape might have on
the axial pullout strength of orthodontic miniscrews.

MATERIAL AND METHODS

Miniscrews with 4 different experimental designs
were manufactured, each with a single feature altered
while maintaining all other characteristics constant
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Fig 1. Schematic illustrations of miniscrew thread-designs: A, butiress reverse thread shape (control);
B, buttress thread; C, 75 joint profile thread; D, rounded thread; E, trapezoidal thread.

compared with a commercially available control design.
By hypothesizing a mean difference of 15N (SD, 9] in the
pullout strengths between the different screw designs
(derived from a pilot study), with power of 80% and
o = 0.05, a minimum of 6 miniscrews was required
for each group.

Seven miniscrews made of ftitanium grade V
(TigALV), 12.0 mm in length and 2.0 mm in external di-
ameter, were selected as the control (VectorTAS; Ormco,
Glendora, Calif]. The longest miniscrews with the largest
possible diameter offered by the manufacturer were
chosen because these characteristics have been shown
to provide greater resistance to pullout.”®** The aim
was also to develop an experimental condition under
which the greatest number of threads was available to
better understand how the variations in thread design
of miniscrews affect the pullout load values. The
screws were self-drilling and self-tapping, with a cutting
flute at their apex. They had a 15° conical shaft and an
asymmetrical buttress reverse thread shape (Fig 1, A).

Four experimental design groups of 7 miniscrews
each were made by modifying the thread shape: (1) but-
tress thread, opposite to the buttress reverse, with thread
peaks inclined toward the miniscrew tip (Fig 1. B); (2)
75" joint profile thread, with the threads joining the
shaft at an angle of 757 (Fig 1, O); (3) rounded thread,
with the thread peaks rounded (Fig 1, D); and (4) trape-
zoidal thread, with the thread profile trapezoidal (Fig 1,
E). All the other geometries of the screws were identical
to the control design.

Thus, in total, 35 miniscrews were tested, 7 of each
design. A synthetic bone support (1522-12 Cellular Rigid
Polyurethane Foam: Sawbones Europe, Malmg, Sweden)
was used Lo ensure uniformity in the pullout strength
evaluations.”' On the upper surfaces of each sample,
the geometric center was marked, and the miniscrews
were inserted at these points to a depth corresponding
to the entire thread length. Insertion was carried out
through a hole (2 mm in diameter), made al the center
of an appositely created steel bar (1.5 mm in thickness)
bent into a U shape. The bar served as a guide for the
miniscrews to be placed in a perpendicular orientation

I American Journal of Orthodontics and Dentofacial Orthopedics
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Fig 2. Configuration of testing setup.

to the foam bone surface and minimized any wobbling
during insertion. All procedures were performed manu-
ally by the same operator (A.G.) using a dynamometric
torque driver calibrated to 15 Ncm to ensure optimal
control of insertional torque.

For pullout testing, each synthetic bone support was
housed securely in a frame that was fastened to a testing
machine (Instron model 4467; TestResources, Shakopee,
Minn) by a series of threaded bolts. This configuration of
the testing setup (Fig 2) permitted a perfect axial
coincidence between the miniscrew, the synthetic bone
support, and the dynamometric cell. The distal ends of
the steel bar were secured to the Llesting machine so
that vertical forces, oriented parallel to the long axis of
the miniscrews, were applied to the heads of the
miniscrews. A crosshead speed of 10 mm per minute
was chosen in accordance with previous reports.”’

August 2012 » Vol 142 e Issuc 2
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Table I. Means, standard deviations, standard errors, and minimum and maximum values of pullout test results
9500 C1
Group n Mean (N) SD SE Lower limit Upper limit Minimum (N) Maximum (N)
Buttress reverse (control) 7 192.8 13.3 5.0 180.5 205.2 182.2 2177
Buttress 7 170.0 10.3 3.9 160.5 179.6 159.3 186.0
75° joint profile 7 181.2 1.6 4.4 170.5 191.9 161.5 193.4
Rounded 7 188.4 8.7 3.3 180.4 196.5 174.4 199.6
Trapezoidal 7 184.7 8.8 33 176.6 1929 173.6 1973
Table Il. Tukey test results
950 CI

Groups Mean difference SE Significance Lower limit Upper limit
Buttress reverse vs buttress 228 5.7 0.003 6.2 39.4
Buttress reverse vs 75° joint profile 11.6 5.7 NS —5.0 28.2
Buttress reverse vs rounded 4.4 57 NS =122 21.0
Buttress reverse vs trapezoidal 8.1 6.7 NS 8.5 24.7

NS, Not significant.

Statistical analysis

The pullout strength was measured as the peak force
when the screw loosened from the synthetic bone sup-
port. The Levene and Lilliefors tests were used to verify
the equality of variance and the normality of distribution
of the examined variables. One-way analysis of variance
(ANOVA) and Tukey post-hoc tests were used to com-
pare the results obtained for each group. Statistical anal-
yses were performed by using the statistical software
(SPSS for Windows, version 16.0; SPSS, Chicago, ).
The level of significance was set at 0.05.

RESULTS

Since the Levene and Lilliefors tests confirmed the
equality of variance and the normality of distribution of
the examined variables, 1-way ANOVA was used for the
between-group comparisons. A statistically significant
difference was detected between the groups (F = 4.56;
P <0.05). Table I shows the means, standard deviations,
and standard errors of the maximum pullout forces for
each design of miniscrew. The means in the pullout tests
ranged from 170.0 = 10.3 N (buttress) to 192.8 = 13.3
N (buttress reverse). The Tukey post-hoc test subsequently
showed a statistically significant difference between the
buttress reverse screw (192.8 N) and that of the buttress
thread profile (170.0 N) (Table 11). All other paired compar-
isans showed no statistically significant differences.

DISCUSSION

The thread design of a minisecrew can vary in pitch,
depth, and shape. All of these features can influence
the resistance to pullout in a porous material, since the

August 2012 » Vol 142 « Issue 2
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diameter, length, and screw or bone support material
are constant.** The relationship between the mechanical
properties of miniscrews and modifications in thread
pitch and depth have been well documented. The ratio
between thread depth and pitch has been expressed as
a percentage (the so called “thread-shape factor”),
with smaller pitch and greater depth showing greater
pullout strength in porous synthetic materials and thus
higher primary stability.>* However, there are no reports
in the orthodontic literature focusing on the influence of
different thread shapes on the mechanical stability of
miniscrews while controlling all ather geometries.*”

Likewise for a dental implant, thread shape is an im-
portant parameter when designing devices that will be
subjected to early loading.”® Different shapes (square,
V-shaped, buttress, and buttress reverse) would allow
for modifications in surface area and shear force devel-
opment at the dental implant-tissue interface, therefore
influencing the initial stability of the device.”” The
thread shapes that we examined in this study included
buttress, 75° joint profile, rounded, and trapezoidal
{Fig 1), which were not the same designs as commercially
available orthodontic miniscrews.

In this study, the pullout tests were performed by ap-
plying vertical forces, oriented parallel to the long axis
of the miniscrews.”'*** 1t is well known that, by
applying pullout tests in the axial direction, the clinical
situation is not realistic because it is almost impossible
to load miniscrews in the axial direction in a patient.”
However, these tests are widely accepted as a method
for comparing different types of screws in the orthopedic,
maxillofacial surgery, and orthodontic fields.”’ > The
resulting pullout strengths provide valuable information

American Journal of Orthedontics and Dentofacial Orthopedics J
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regarding biomechanical parameters contributing to the
primary stability of serews. In this study, a synthetic
homogeneous material was used as a support to prevent
any interference by uncontrollable variables.”* The choice
of foam bone allowed us to recreate under in-vitro condi-
tions the worst possible dlinical situation, in which the
bone could not hold the screws firmly.

The results showed a statistically significant difference
in mechanical yield between the variations in thread de-
signs, thereby confirming that thread shape affects the
miniscrew’s mechanical stability.?® A significant reduction
in pullout force was found between the buttress reverse
and the buttress thread miniscrews. This result could be
explained by the geometry of the thread that was inclined
toward the tip, thus reducing the resistance to removal in
an axial direction. This finding was consistent with previ-
ous reports, indicating a better pullout test performance
of miniscrews characterized by an asymmetrical thread
design, with 45" leading and 90° trailing angles.”®*°
Since the 757 jaint profile thread showed the second
highest value in terms of mean differences from the
control design, it can be speculated that the magnitude
of the angles of the thread might have some influence
on the mechanical stability of miniscrews. Even if no
statistically significant differences were detected, the
buttress reverse thread devices (control design] had
consistently higher pullout strength values than did the
75° joint profile, the rounded, and the trapezoidal-
thread devices. Therefore, these thread profiles did
adversely affect the pullout values.

Since the experimental model used in this study
could not really represent the clinical environment in
which the cortical bone is the main factor in miniscrew
stability, more research is needed to evaluate how the
different thread types perform with a cortical bone ana-
log. Further studies by using finite element models are
also required Lo investigale the effects of cach variation
in thread design on stress distribution in bone.

CONCLUSIONS

Under the experimental conditions of this in-vitro
study, by using a homogeneous synthetic bone support,
the thread shape did influence the resistance to pullout
and, therefore, the primary stability of miniscrews. The
buttress reverse thread shape (as produced by the man-
ufacturer) had consistently higher pullout strength
values than did the other designs. A statistically signifi-
cant difference was found between the buttress reverse
and the buttress thread profile, with the buttress thread
providing less pullout resistance than the buttress re-
verse; the 75° joint profile, rounded, and trapezoidal
thread designs adversely affected the pullout values.

REFERENCES

K

10.

(=}

20.

I_ American Journal of Orthodontics and Dentofacial Orthopedics
Page 6 of 7

. Kuroda S, Sugawara Y, Deguchi T, Kyung HM,

Papadopoules MA, Tarawneh F. The use of miniscrew implants for
temporary skeletal anchorage in orthodontics: a comprehensive re-
view, Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;103:
eG-15,

. Cope JB. Temporary anchorage devices in orthodontics: a para-

digm shift. Semin Orthod 2005:11:3-9.

. Chen Y], Chang HH, Lin HY, Lai EH, Hung HC, Yae CC. Stability of

miniplates and miniscrews used for orthodontic anchorage: expe-
rience with 492 temporary anchorage devices. Clin Oral Implants
Res 2008;19:1188-96.

. Odman 1, Lekholm U, Jemt T, Thilander B. Osseointegrated im-

plants as orthodontic anchorage in the treatment of partially eden-
tulous adult patients. Eur J Orthod 1994;16:187-201.

. Kanomi R. Mini-implant for orthodantic anchorage. J Clin Orthod

1997;31:763-7.

. Wehrbein H, Glatzmaier J, Mundwiller U, Diedrich P. The Orthosys-

tem—a new implant system for orthadontic anchorage in the pal-
ate. J Orofac Orthop 1996;57:142-53,

. Block MS, Hoffman DR. A new device for absolute anchorage for

orthodontics. Am J Orthod Dentofacial Orthop 1995;107:251-8.

. Melsen B, Petersen JK, Cosla A. Zygoma ligatures: an alternative

form of maxillary anchorage. J Clin Orthod 1998:32:154-8.

. De Clerck EE, Swennen GR. Success rate of miniplate anchorage for

bone anchored maxillary protraction. Angle Orthod 2011:81:1010-3.
Cornelis MA, Scheffler NR, Mahy P, Siciliano S, De Clerck H.,
Tulloch JF. Modified miniplates for temporary skeletal anchorage
in orthodontics: placement and removal surgeries. J Oral Maxillo-
fac Surg 2008:66:1439-45,

. Cornelis MA, Scheffler NR, Nyssen-Behets C, De Clerck HJ,

Tulloch JF. Patients” and orthodontists’ perceptions of miniplates
used for temporary skeletal anchorage: a prospective study. Am J
Orthod Dentofacial Orthop 2008;133:18-24.

. Lim HJ, Eun CS, Cho JH, Lee KH, Hwang HS. Factors associated

with initial stability of miniscrews for orthodontic treatment. Am
J Orthod Dentofacial Orthop 2009;136:236-42,

3. Poggio PM, Incorvati C, Velo S, Carano A. "Safe zones™: a guide for

miniscrew positioning in the maxillary and mandibular arch. Angle
Orthod 2006;76:191-7.

Takano-
Yamamoto T. Clinical use of miniscrew implants as orthodontic
anchorage: success rates and postoperative discomfort. Am J Or-
thod Dentofacial Orthop 2007;131:9-15.

. Costa A, Raffainl M, Melsen B. Miniscrews as orthodontic anchor-

age: a prelimnary report. Int J Adult Orthod Orthognath Surg
1998;13:201-9.

. Melsen B, Costa A. Immediate loading of implants used for ortho-

dontic anchorage. Clin Orthod Res 2000;3:23-8.

. Holst Al, Karl M, Karolczak M, Goellner M, Holst S. Quantitative

assessment of orthodontic mini-implant displacement: the effect
of initial force application. Quintessence Int 2010;41:59-66.

. Huja S5, Litsky AS, Beck FM, Johnsun KA, Larsen PE. Pull-out

strength of monocortical screws placed in the maxillae and man-
dibles of dogs. Am J Orthod Dentofacial Orthop 2005;127:307-13.

. Cha JY, Kil JK, Yoon TM, Hwang CJ. Miniscrew stability evaluated

with computerized tomography scanning. Am J Orthod Dentofa-
cial Orthop 2010:137:73-9.

Bahr W, Lessing R. A comparative animal experimental study of
differently dimensioned osteasynthesis screws used in the mid-
face, BrJ Oral Maxillofac Surg 1993;31:366-9.

1. Meredith N. Assessment of implant stability as a prognostic deter-

minant. Int J Prosthodont 1998;11:491-501.

August 2012 » Vol 142 e Issue 2

Straumann USA Exhibit 1006



23.

24,

25,

26.

27;

28.

29,

30,

31.

August 2012 e Vol 142 e Issue 2

. Paik CH, Woo YJ, Kim J, Park JU. Use of miniscrews for intermax-

illary frxation of lingual-orthadontic surgical patients. J Clin Or-
thod 2002;36:132-6.

Lee SY, Cha JY, Yoon T™M, Park YC. The effect of loading time on
the stability of mini-implant. Korean J Orthod 2008;38:149-58.
Lin JC. Liou EJ, Yeh CL, Evans CA. A comparative evaluation of
current orthodontic miniscrew systems. World J Orthod 2007;8:
136-44.

Lim JW, Kim WS, Kim 1K, Son CY, Byun HI. Three dimensional
finite element method for stress distribution on the length and
diameter of orthodentic miniscrew and cortical bone thickness.
Korean J Orthod 2003;33:11-20.

Chen Y, Shin HI. Kyung HM. Biomechanical and histological com-
parison of self-drilling and self-tapping orthodontic microim-
plantsin dogs. Am J Orthod Dentofacial Orthop 2008;133:44-50.
Mischkowski RA, Kneuertz P, Florvaag B, Lazar F, Koebke J.
Zoller JE. Biomechanical comparison of four different miniscrew
types for skeletal anchorage in the mandibulo-maxillary area. Int
J Oral Maxillofac Surg 2008;37:948-54.

Wilmes B, Ottenstreuer S, Su YY, Drescher D. Impact of implant de-
sign on primary stahility of orthodontic mini-implants. J Orofac
Orthop 2008:69:42-50.

Song YY, Cha JY, Hwang Cl. Mechanical characteristics of various
orthodantic mini-screws in relation to artificial cortical bone thick-
ness. Angle Orthod 2007;77:979-85.

Asnis SF, Ernberg JJ, Bostrom MP, Wright TM, Harrington RM,
Tencer A, ct al. Cancellous bone screw thread design and holding
power. J Orthop Trauma 1996;10:462-9,

Brinley CL, Behrents R, Kim KB, Condoor S, Kyung HM,
Buschang PH. Pitch and longitudinal fluting effects on the primary
stability of miniscrew implants. Angle Orthod 2009;79:1156-61.

Page 7 of 7

34.

J6.

37.

38.

3%

40.

. Pfeiffer M, Gilbertson LG, Goel VK, Griss P, Keller JC, Ryken TC,

et al. Effect of specimen fixation method on pull-out tests of ped-
icle screws. Spine 1996;21:1037-44.

. da Cunha HA, Francischone CE, Filho HN, de Oliveira RC, A com-

parison between cutting torque and resonance frequency in the
assessment of primary stability and final torque capacity of stan-
dard and TiUnite single-tooth implants under immediate loading.
Int J Oral Maxillofac Implants 2004;19:578-85.

Migliorati M, Signori A, Silvestrini Biavati A. Temporary anchorage
device stability: an evaluation of thread shape factor. Eur J Orthod
2011 [Epub ahead of print].

. Whang CZY, Bister D, Sherrilf M. An in vitro investigation of peak

insertion torque values of six commercially available mini-im-
plants, Eur J Orthod 2011:33:660-6.

Strong JT, Misch CE, Bidez MW, Nalluri P. Functional surface area:
thread-form parameter optimization for implant body design.
Compend Contin Educ Dent 1998;19:4-9.

Steigenga J, Al-Shammari K, Misch C, Nociti FH Jr, Wang HL. Ef-
fects of implant thread geometry on percentage of osseointegra-
tion and resistance to reverse torque in the tibia of rabbits, J
Periodontol 2004;75:1233-41.

Carano A, Lonardo P, Velo S, Incorvati C. Mechanical properties of
three different commercially available miniscrews for skeletal an-
chorage. Prog Orthod 2005:6:82-97.

Hou SM, Hsu CC, Wang JL, Chao CK, Lin J. Mechanical tests and
finite element models for bone holding power of tibial locking
serews. Clin Biomech 2004;19:738-45.

Tencer AF, Asnis E, Harrington RM, Chapman JR. Biomechanics
of cannulated and non cannulated screws. In: Asnis SE, Kyle RF,
editors, Cannulated screw fixation: principles and operative tech-
niques. New York: Springer; 1996. p. 15-40.

American Journal of Orthodontics and Dentofacial Orthopedics
Straumann USA Exhibit 1006





