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Screw Head Design: An Experimental
Study to Assess the Influence of Design

on Performance
Kevin R. Spencer, MDSc, BHB, MB ChB, FRACDS(OMS),*

John W. Ferguson, MDS, PhD, FDSRCS(Eng), FFDRCS(Irel),†

Andrew C. Smith, MDSc, FDSRCS(Eng), FDSRCPS(Glas), FRACDS(OMS),‡

and Joseph E.A. Palamara, PhD§

Purpose: This experimental study was designed to examine whether screw head design influenced the
angle of application of a screwdriver at which failure of engagement or stripping of the screw head
occurred.

Materials and Methods: Four different screw head designs (slot, cross, square, star) were tested in a
custom-made jig that was designed to enable the screws to be tested over a range of angles of application
of the respective screwdrivers, to determine whether the screw head design influenced the torque value
at which the screw head stripped or failure of driver engagement occurred.

Results: The results fell clearly into 2 groups: The slot and cross designs gave the highest torque values
at all angles, while the torque values for the square and star designs dropped to a low value with
increasing angulation between the screw and driver. These differences were significant (P � .001).

Conclusions: Although this experimental situation cannot be entirely extrapolated to the clinical
situation, it indicates that the slot or cross design may offer an advantage in regions of difficult access
where the angulation of the screwdriver to the screw may of necessity be increased.
© 2004 American Association of Oral and Maxillofacial Surgeons
J Oral Maxillofac Surg 62:473-478, 2004
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itanium miniplates and screws are widely used in
ral and maxillofacial surgery. They are routinely used
or fixation of the facial bones in fractures and in
rthognathic and reconstructive surgery. The first
ublished account of internal fixation for the treat-
ent of facial fractures was by Jean Baptiste Bau-

ens,1 who in 1840 used silver thread to treat a
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473
andibular fracture. Bone plates were used as early as
he American Civil War (1861 to 1865) and further
eveloped to improve strength and adaptability
hroughout the early 1900s.2

During the late 1960s, compression bone plating
or the treatment of mandibular fractures was devel-
ped by Luhr and later popularized by Speissl using
he AO/ASIF (Arbeitsgemeinschaft für Osteosynthese-
ragen/Swiss Association for the Study of Internal Fix-
tion) technique.3 These large bone plates used
.7-mm bicortical screws and often were applied
hrough transfacial approaches. In 1973, Michelet et
l4 reported the treatment of mandibular fractures
ith the use of small, easily bendable noncompres-

ion bone plates, placed transorally, using monocor-
ical screws. A scientific basis for the application of
uch miniplates was subsequently developed by
hampy et al,5 who examined stresses created in the
andible by loading at different sites. This work es-

ablished that miniplates should be placed along well-
efined lines of tension, and these principles have
ubsequently been widely accepted. Many different
onocortical miniplate systems are now available,

lthough the principles for their application remain

he same.
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474 SCREW HEAD DESIGN AND PERFORMANCE
Initially, the miniplates and screws were made of
tainless steel; however, most of the systems are now
anufactured in titanium. The use of miniplates, typ-

cally 2.0-mm systems, for the treatment of certain
idfacial fractures has been superseded by the devel-

pment of even smaller (micro) plates, and recently
rill-free screws and biodegradable screws and plates
ave become available for clinical use.
Studies on screw design and performance can be

ound in both the orthopedic and maxillofacial sur-
ery literature. Prevel et al6 used fresh frozen human
etacarpal bones to compare titanium self-tapping
ith pretapped screw fixation of spiral fractures and

ound no difference in shear stress and axial stress
etween screw designs. Heidemann et al7 suggested
hat when screws were inserted into thick cortical
one, a small pilot hole size could result in high
orsional stress, leading to screw failure. Using 1.5-
nd 2.0-mm screws inserted into various materials,
hese investigators were able to determine the critical
ilot hole size above which the holding power of the
crew rapidly decreased. Seating and fracturing
orque of 2.0- and 2.7-mm diameter tapped and non-
apped titanium screws have been analyzed in differ-
nt regions of the cadaver mandible.8 The investiga-
ors found that smaller screws required greater
eating torque, regardless of whether the holes were
apped, and that the region of the mandible requiring
he greatest seating torque was the symphysis. The
linical performance of drill-free screws with spe-
ially formed tips and cutting flutes, which can be
nserted into the bone without predrilling, was re-
ently reported. It was found that the insertion of the
crews was simple. The investigators recommended
he use of this screw for fixation in the central mid-
ace. Insertion of the screws was difficult but possible
n the anterior mandible and in the lateral midface but
ot possible in the mandibular angle region.9

The torsion-axial force characteristics of conven-
ional titanium screws has been investigated10,11 and
ompared with the newly developed biodegradable
crews.12 However, the angulation between screw-
river and screw, at which distortion or stripping of
he screw head begins to occur, does not appear to
ave been previously reported or compared for the
iffering screw head designs.
Currently, there are various designs of 2.0-mm tita-

ium mini-plates with tapped or self-tapping screws.
owever, there are only 2 basic screw head designs.
ne uses a slot or cross pattern and requires a holding

leeve on the screwdriver to pick up and hold the
crew, and the other uses an internal design such as a
quare or star to engage the screw, relying on friction
o pick up and hold the screw, thus obviating the
eed for the holding sleeve. Miniplates and screws are

sually applied intraorally, which has the advantage t
f avoiding a facial scar; however, in certain regions,
ccess can be restricted and placement may become
ifficult. In anatomic regions that are difficult to ac-
ess, the angulation of the screw and screwdriver to
he bone and to each other increases, and problems
ith either the screwdriver disengaging from the

crew or stripping of the screw head become more
pparent. This leads to increased operating time and
rustration for the operator and may lead either to
ailure to fully seat the screw into the countersunk
late hole or to failure to seat the plate against the
one, as the screw head may deform or strip before
he screw is fully seated. Once the screw head is
eformed or stripped, further seating of the screw
ay not be possible, whereas screw and therefore
late removal is difficult, if not impossible, without
rilling the screw out of the plate and bone. A screw
ead design that allows the screw to be placed with
he greatest range in screwdriver angulation will thus
ave an advantage in these regions.

aterials and Methods

Titanium 2-mm screws of 4 differing head designs,
or 8 mm in length, were tested: A) square (Martin;
edizin-Tecknik, Tuttlingen, Germany), B) cross (Syn-

hes; Mathys Medical Ltd, Bettlach, Switzerland), C)
lot (Wurzburg; Howmedica Leibinger Inc, Freiburg,
ermany), and D) star (Synthes; Mathys Medical Ltd)

Fig 1).
Testing was undertaken in a materials testing labo-

atory using a custom-made jig with 500-N and 100-N
orce transducers (Material Test System Corporation,
den Prairie, MN), connected to a data acquisition
oard (AT-MID-16E-2; National Instruments Corp,
ustin, TX), which transferred all data to a computer
sing process control software (LabVIEW 4.0; Na-

IGURE 1. The 4 different screw head designs that were tested: A,
quare (Martin; Medizin-Tecknik, Tuttlingen, Germany); B, cross (Syn-
hes; Mathys Medical Ltd, Bettlach, Switzerland); C, slot (Wurzburg;
owmedica Leibinger Inc, Freiburg, Germany); and D, star (Synthes;
athys Medical Ltd, Switzerland).
ional Instruments Corp) (Fig 2). Up to 3 screws of
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SPENCER ET AL 475
ach design were tested at each angle; a total of 66
crews were tested. The custom-made jig allowed
esting between the angles of 0° and 30° in 5° incre-
ents. After each screw was immobilized in the jig,

he examiner engaged the driver firmly into the head.
are was taken to ensure that each screw from each
f the design groups had the same orientation in the

ig so that the rotational angle between the screw-
river and screw was constant among the different
ypes of screws that were tested.

The axial force (the amount of force applied to
ach screw along its axis) was recorded by one of the
orce transducers and digitally displayed. This indi-
ated to the examiner how much force was being
pplied to the screw head. However, if the examiner

IGURE 2. Custom-made jig designed to test screws at different
ngulations.

Table 1. DESCRIPTIVE STATISTICS FOR TORQUE (N-cm)

Design Degree No. of Samples Mean

ross 15 1 59.0
ross 20 3 30.5
ross 25 3 23.5
ross 30 3 17.7
lot 10 2 54.0
lot 15 3 35.5
lot 20 3 27.4
lot 25 3 25.1
lot 30 3 22.7
quare 0 3 42.5
quare 5 3 36.3
quare 10 3 15.3
quare 15 3 9.9
quare 20 3 3.7
quare 25 3 4.4
quare 30 3 2.8
tar 0 3 52.4
tar 5 3 30.2
tar 10 3 13.5
tar 15 3 6.2
tar 20 3 2.4
tar 25 3 2.3
tar 30 3 3.2
*Indicates that SD could not be determined because only 1 screw was
ad attempted to keep this force reading at a con-
tant, the true amount of force applied to the screw
ead would have actually been greater with increas-

ng angulation. This is because a higher amount of
orce would have had to be applied in an oblique
irection to register the same force in an axial direc-
ion. Therefore, a conversion table was devised so the
xaminer could use the digital display of the axial
orce to calculate the amount of force to apply to the
crew head to keep the radial force (actual amount of
orce at the screw head) at a constant. The examiner
hen attempted to turn the driver against the immo-
ilized screw until the screw head stripped. The other
orce transducer recorded the maximum torque
chieved before stripping occurred.

Only one screwdriver was available for each type of
crew head design. With the possibility that, at low
ngulation, the stripping torque may have been high
nough to cause distortion or breakage of the driver,
t was decided to start testing at 30° (where low
orque values would be expected), and to then de-
rease the angulation. After each test the driver was
isually checked by stereomicroscopy (�10 magnifi-
ation) to ensure that it had not broken or distorted.
he screws were also studied by stereomicroscopy
�10 magnification) to reveal patterns of distortion or
tripping at the failure angulation. Descriptive statis-
ics for the maximum torque values and radial force
ere calculated (Tables 1 and 2).

Median SD Minimum Maximum

59.0 * 59.0 59.0
30.8 0.8 29.6 31.0
22.4 3.2 21.1 27.1
16.9 1.5 16.8 19.4
54.0 7.9 48.4 59.6
34.5 2.5 33.7 38.4
28.3 1.6 25.6 28.3
24.5 1.6 23.8 26.9
22.4 0.6 22.2 23.4
43.2 2.2 40.1 44.3
33.7 4.6 33.5 41.6
15.8 3.3 11.8 18.3

6.3 6.8 5.7 17.8
4.1 0.6 3.0 4.1
4.6 1.2 3.1 5.5
2.6 1.7 1.3 4.6

49.5 9.9 44.2 63.4
30.6 5.1 24.9 35.1
12.2 3.9 10.4 17.8
5.6 2.0 4.6 8.5
2.5 0.5 1.9 2.8
2.5 0.6 1.6 2.8
2.5 1.5 2.2 4.9
tested.
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476 SCREW HEAD DESIGN AND PERFORMANCE
STATISTICAL ANALYSIS

Analysis of covariance was performed on the raw
orque values. However, the results of this analysis
ere not valid as the distribution of the data was

kewed, and the variances of each of the 4 screw
esigns were different (these are 2 assumptions be-
ind the analysis of covariance). A standard method of
andling such data is to apply a transformation to the
ata; in this case, a natural logarithm was used. Anal-
sis of covariance was carried out on the transformed
ata, comparing the mean adjusted torque value of
ach screw at a constant radial force.

esults

A plot of the raw data showed a clear difference in
he value of the maximum torque values for each
crew design at each angle, with the results clearly
alling into 2 groups (Fig 3). Torque values ranged
rom 1.3 to 63.4 N-cm, and the radial force ranged
rom 28.5 to 71.2 N. There was a pattern in the
mount of radial force applied with higher forces
eing registered for the slot and cross designs. The
xaminer must therefore have inadvertently applied a
reater force to these 2 designs during testing. As
ome of the differences in mean torque values be-
ween the designs could have been influenced by
ifferences in the radial force, this value was made a

Table 2. DESCRIPTIVE STATISTICS FOR RADIAL FORCE (N

Design Degree No. of Samples Mean

ross 15 1 53.1
ross 20 3 47.6
ross 25 3 46.2
ross 30 3 40.0
lot 10 2 63.3
lot 15 3 54.4
lot 20 3 49.1
lot 25 3 44.3
lot 30 3 51.5
quare 0 3 39.1
quare 5 3 45.3
quare 10 3 45.2
quare 15 3 32.3
quare 20 3 34.3
quare 25 3 31.7
quare 30 3 30.0
tar 0 3 59.6
tar 5 3 50.7
tar 10 3 48.6
tar 15 3 44.7
tar 20 3 33.3
tar 25 3 40.1
tar 30 3 30.3

*Indicates that SD could not be determined because only 1 scre
onstant, and the torque value of each of the screws v
as adjusted to allow a fairer comparison of torque
alues between designs.
As expected, there were significant differences in

he torque between angles (P � .001). More impor-
ant, there were significant differences between de-
igns (P � .001), with the results falling clearly into 2
efined groups. The cross and slot screws achieved
imilar mean torque, significantly different (P � .001)
rom the square and star screws. From a practical
iewpoint, once the driver was at an angle of greater

Median SD Minimum Maximum

53.1 * 53.1 53.1
44.4 8.9 40.8 57.7
44.4 6.6 40.7 53.6
42.3 5.2 34.1 43.7
63.3 11.2 55.3 71.2
55.6 3.7 50.3 57.4
49.1 4.4 44.7 53.5
46.3 7.7 35.8 50.9
55.3 7.3 43.1 56.1
38.8 0.8 38.6 40.0
45.3 3.7 41.6 48.9
44.4 2.6 43 48.1
33.1 1.9 30.1 33.7
33.8 1.9 32.8 36.4
31.3 1.5 30.4 33.4
29.6 1.7 28.5 31.9
61.0 9.6 49.3 68.4
47.1 11.2 41.7 63.2
46.6 6.0 43.9 55.3
42.0 7.9 38.5 53.6
33.0 3.9 29.6 37.4
37.4 11.4 30.2 52.6
29.0 2.6 28.5 33.3

tested.

IGURE 3. Comparison between screw types of maximum torque
)

alues at each angle.
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SPENCER ET AL 477
han 10°, it became much more difficult to engage the
crew head of the square and star designs, due to the
recise fit of these screws required for the friction
ick-up mechanism. Consequently, the torque values

or these 2 designs dropped to a low value from this
ngle. The square and star designs could be stripped
t 0°, whereas the slot and cross designs reached such
igh torque values at 10° and 15°, respectively, that
he drivers either distorted or fractured before the
crew head stripped (Fig 4).

Typical patterns of deformation for each of the
crew heads were observed under stereomicroscopy.
he square and star designs “barreled out” to the
oint where the driver could rotate freely in the head
Fig 5). The slot and cross designs stripped when the
river shaved off a strip from one of the slot walls,

eaving the screw head otherwise intact. At low an-
les the drivers failed, because they were too deeply

IGURE 4. Distortion of slot screwdriver (left) and fracture of cross
crewdriver (right).

IGURE 5. “Barrelled-out”–type stripping of internal square design

crew.
ngaged to shave a strip off a screw head that was
echanically stronger (Fig 6).

iscussion

The results of this study show that the slot or cross
esigns of screw heads perform better in an experi-
ental situation than the internal square or star de-

igns. Although this situation cannot be entirely ex-
rapolated to the clinical situation, it nevertheless
uggests that the slot or cross design may offer an
dvantage in regions of difficult access where the
ngulation of the screwdriver to the screw may be
ncreased.

The pattern of stripping is also important because it
etermines how easy it is to remove the screw. The

nternal star and square designs stripped in such a
ay that removal would be difficult, if not impossible.
he slot and cross designs, on the other hand, re-

ained their basic shape once stripped and would
herefore be easier to both place and remove. Even if
tripping of these designs occurred during insertion,
he side of the slots required for removal would still
e intact.
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