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ABSTRACT
The cortical self-tapping screw (STS) has replaced the
non-STS as an aid in fracture fixation. In a recent biome-
chanical investigation, Berkowitz and colleagues found
that STS pullout strength increased with insertion depth
up to 1 mm past the far cortex only.

In the present study, we wanted to apply a standard-
ized protocol of assessing pullout strength to STSs of
different compositions and manufacturers while elimi-
nating the sample-size and block-variance issues that
affected the previous investigation. Ninety STSs were
randomly divided into 5 groups, each representing a dif-
ferent insertion depth. Peak force was determined with
trials ending in screw pullout or failure.

A statistically significant difference in pullout strength
was identified with insertion depths up to 1 mm past the
far cortex. No block variance was detected. These results
support the recommendation that STSs be inserted only
1 mm past the far cortex in healthy cortical bone.

ortical screws are a well-established component of
the fracture-fixation armamentarium. Historically,
the non-self-tapping screw (non-STS) was used
for fracture fixation, but the STS has become
more popular in recent years and is now preferred. It can
be inserted easier and quicker and thus can reduce operative

Dr. Schoenfeld is Clinical Fellow at Harvard Medical School/
Brigham and Women’s Hospital, Boston, Massachusetts. At
the time of this submission, he was a resident in orthopaedic
surgery at Akron General Medical Center and Northeastern Ohio
Universities College of Medicine, Akron, Ohio.

Dr. Vrabec is Associate Professor of Orthopaedic Surgery,
Department of Orthopaedic Surgery, Akron General Medical
Center and Northeastern Ohio Universities College of Medicine,
Akron, Ohio.

Dr. Battula is Senior Research Associate, Zimmer Dental, San
Diego, CA.

Ms. Salvator is Research Coordinator, Department of Neurology,
Children’s Hospital Medical Center of Akron, Akron, Ohio.

Dr. Njus is Professor, Department of Biomechanical Engineering,
University of Akron, Akron, Ohio.

Address correspondence to: Andrew Schoenfeld, MD, 75
Peterborough Street, Apt 505, Boston, MA 02215 (tel, 617-670-
0304; e-mail, ajschoen@neucom.edu).

Am J Orthop. 2008;37(9):466-469. Copyright Quadrant HealthCom
Inc. 2008. All rights reserved.

466 The American Journal of Orthopedics®

time and associated complications (eg, blood loss, increased
risk for infection).! These benefits derive from use of a
cutting flute, which allows for screw insertion without the
use of a tap. Unfortunately, it has been reported that, when
the flute is left in the far cortex of the bone, screw pullout
strength is decreased 10% to 30%.?

Anecdotal evidence suggests that STSs should be
inserted 2 mm past the far cortex to prevent the cutting
flute from remaining in the far cortex.>” The rationale is
that a flute in the far cortex decreases the surface area of

“[our] results...may [allow us to]
...advocate inserting cortical

STSs only 1 mm past the far
cortex in patients deemed to
have healthy cortical bone.”

screw threads contacting cortical bone.>*%8 This widely
quoted recommendation, however, is not supported in the
literature.>*%8 In fact, a veterinary study using synthetic
and canine models demonstrated no statistically signifi-
cant difference in pullout strength between completely
inserted and incompletely inserted STSs.3

On the basis of findings from the veterinary study,
Berkowitz and colleagues® endeavored to determine
whether depth of insertion of STSs (50 Synthes 3.5-mm
STSs) through the far cortex significantly affects pullout
strength. Their results refuted the recommendation that
STSs be inserted 2 mm past the far cortex in fracture fixa-
tion. STS pullout strength increased with insertion depth
up to 1 mm past the far cortex, but there was no statisti-
cally significant increase in pullout strength among screws
inserted past 1 mm. Berkowitz and colleagues maintained
that this is an important finding, not only because it allows
for a definitive recommendation based on statistically
significant biomechanical testing, but because protruding
screw tips increase the risk for damage to muscle and neu-
rovascular structures adjacent to the far cortex of fixated
bone. Their results indicate that maximal holding power is
achieved once the STS tip penetrates the far cortex. The
researchers surmised that the conical tip allows the screw
to maintain sufficient pullout strength while piercing only
the surface of the far cortex.



Figure 1. Bone coupon of synthetic cancellous bone and
E-Glass-filled epoxy sheet lamination (Pacific Research
Laboratories, Vashon, Wash). (A) Screws inserted into coupon
(B) Different depths past the far cortex.

The study by Berkowitz and colleagues,” however, had
its limitations. First, only 50 STSs were used, so, despite
the statistically significant findings, the power of the study
was limited. Second, only Synthes screws were tested, so
no comment can reliably be made about the other popular
orthopedic systems used in fracture fixation (eg, Zimmer,
Stryker Howmedica). Third, there was block variance in
the bone coupons used in the pullout trials; although more
trials for the groups with similar data were run to achieve
significance, and Student-Newman-Keuls post priori tests
were performed to account for this variance, there still may
have been a deleterious effect on study results.

In the present study, we sought to determine if the find-
ings of Berkowitz and colleagues® can be generalized to
STSs made by other companies and to identify any signifi-
cant variations in pullout strength among these STSs. We
also sought to increase the statistical significance of those
investigators’ findings by increasing the power of their
study and eliminating block variance.

MATERIALS AND METHODS

Thirty Synthes stainless steel STSs (Synthes, West Chester,
Pa), 30 Synthes titanium STSs, and 30 Zimmer stainless steel
STSs (Zimmer, Warsaw, Ind) were inserted into synthetic
bone coupons (Pacific Research Laboratories, Vashon, Wash)
in a randomized fashion. All screws were 40 mm long and
had a 1.25-mm pitch and 3 cutting flutes. Flute lengths were
3.9 mm (SD, 0.15 mm). Bone coupons were obtained in a
single sheet from Pacific Research Laboratories and were cut
to 76x25 mm. Synthetic cortical bone consisted of E-Glass-
filled epoxy sheets (Pacific Research Laboratories, Vashon,
Wash) with a tensile modulus of 12.4 GPa and a tensile
strength of 90 MPa. Synthetic cancellous bone consisted of
cellular rigid polyurethane foam with a tensile modulus of 1.2
GPa and a tensile strength of 16 MPa.

Three STSs were inserted into each bone coupon. Given St.
Venant’s principle (the difference between stresses caused by
statically equivalent load systems is insignificant at distances
greater than the largest dimension of the area over which the
loads are acting), using 3 screws per coupon ensured adequate
space for preventing coupon damage from a pullout trial from
affecting the strength of adjacent screws.’

The 90 STSs were randomly divided into 5 insertion-
depth groups of 18 screws each: 6 Synthes stainless steel,
6 Synthes titanium, and 6 Zimmer stainless steel. In group
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Table I. Mean Pullout Strengths of Screws
at Different Depths of Insertion

Insertion Depth (mm) Pullout Strength (Ib)

-1 966.9311765
0 1032.662778
1 1099.810556
2 1120.224118
3 11561.807222

Table Il. Stainless Steel Screw Pullout Strengths
in Berkowitz et al® Study and Present Study

Insertion Pullout Strength (Ib)

Depth (mm) Berkowitz et al® Present Study
-1 310.80 971.74

0 352.70 1046.77

1 440.50 1147.57

2 453.38 1122.21

3 460.36 1164.74

1, screw tips were inserted 1 mm short of the far cortex; in
group 2, screw tips were inserted flush with the far cortex;
and, in groups 3 to 5, screw tips were inserted 1, 2, and 3 mm
past the far cortex, respectively (Figure 1). Precise insertion
was achieved with a Bridgeport milling machine (Hardinge,
Inc., Elmira, NY), which was used to prepare the holes for
insertion, and a dial indicator depth gauge (sensitive to 0.001
in), which was used to ensure accurate insertion depth.

Peak force and stiffness were determined with an Instron
8511 materials testing system (Norwood, Mass). Each
screw was pulled out with a fixture that slipped over the
screw head. For ensuring that only axial pullout forces were
applied, a universal joint was used in the load train. Testing
was conducted under displacement control at a rate of 1
mm/s. Maximal load and displacement data (Figure 2) were
collected at 30 Hz and stored on a personal computer.

The statistical model used in this study was a multi-
variate analysis of variance-balanced incomplete block
design. Group and screw manufacturer were the indepen-
dent variables, and peak force was the dependent variable.
Statistical analysis was done with SAS software (SAS
Institute, Cary, NC).

REsuLTS

All trials ended with either screw pullout or failure. Eight
screws were visibly damaged in the study, with cracking
and separation occurring immediately distal to the screw
heads. There was no evidence of cracking or fissuring of the
bone coupons that extended into adjacent screw holes. There
was none of the block variance that had been detected by
Berkowitz and colleagues.’ Furthermore, the number of trials
that had to be performed did not vary—which we attributed
to the fact that all bone coupons were cut from a single sheet.

Initially, peak force values were determined for the 5
insertion-depth groups without differentiating between
screw composition or manufacturer. Table I lists the results
for the 5 groups: 966.93 pounds for group 1; 1032.66
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Figure 2. Graphs summarizing mean pullout strengths (A) at different depths of insertion and (B) for the stainless steel and titanium

screws at different depths of insertion.

pounds for group 2; 1099.81 pounds for group 3; 1120.22
pounds for group 4; and 1151.81 pounds for group 5.
Groups 1 and 2 differed by 6.7%, groups 2 and 3 by 6.5%,
groups 3 and 4 by 1.8%, and groups 4 and 5 by 2.8%.
There was a statistically significant difference in pullout
strengths between groups 1 and 2 and between groups 2
and 3 (Ps<.0001) but not among groups 3 to 5. Additional
statistical analysis demonstrated a power of 0.93.

The initial pattern of pullout strength variance held even
when screw composition and manufacturer were controlled
for. Results for the Synthes titanium screws were 956.94
pounds for group 1; 1039.88 pounds for group 2; 1064.26
pounds for group 3; 1110.72 pounds for group 4; and
1117.33 pounds for group 5. Again, the difference between
groups 1 and 2 and the difference between groups 2 and 3
were the only statistically significant ones.

Mean pullout strengths for the Synthes stainless steel
screws were 971.74 pounds for group 1; 1046.77 pounds
for group 2; 1147.57 pounds for group 3; 1122.21 pounds
for group 4; and 1164.74 pounds for group 5. In this trial,
statistical significance was reached only in the comparisons
between groups 1 and 2 and groups 2 and 3.

Pullout strengths for the Zimmer stainless steel screws fol-
lowed a similar pattern: 970.44 pounds for group 1; 1011.34
pounds for group 2; 1101.49 pounds for group 3; 1126.15
pounds for group 4; and 1173.35 pounds for group 5. As in
the other trials, the only statistically significant differences
were found between groups 1 and 2 and groups 2 and 3.

In the comparisons of the pullout strengths of the Synthes
stainless steel screws and the Synthes titanium screws, no
statistical significance was found at any insertion depth.
Likewise, there was no statistically significant difference
between the pullout strengths of the 2 types of stainless steel
screws (Synthes and Zimmer) inserted to the same depth.

DiscussioN
Our goal in this study was to answer several questions about
the biomechanical properties of Synthes stainless steel,
Synthes titanium, and Zimmer stainless steel cortical STSs.
We sought to replicate the results reported by Berkowitz and
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colleagues’ while eliminating the block-variance and sample-
size issues that affected their investigation. We also hoped to
determine whether their findings could be applied to STSs
of different compositions and manufacturers. The synthetic
bone blocks used in our study have been accepted as a suit-
able model for biomechanical studies.!”

Our results clearly agree with those of Berkowitz and
colleagues,’ but there are some differences. The pattern of
results for all screws in our study—statistically significant
differences in pullout strength among screws inserted 1
mm short of the far cortex, screws inserted flush with the
far cortex, and screws inserted 1 mm past the far cortex—is
almost identical to the pattern they found. There was no
statistically significant difference in pullout strength for
screws inserted 2 or 3 mm past the far cortex.

Our pullout strengths, however, are consistently higher
than those reported by Berkowitz and colleagues.’ In their
study, for example, pullout strengths were 310.8 pounds for
Synthes stainless steel screw tips inserted 1 mm short of the
far cortex, 352.7 pounds for tips inserted flush with the far
cortex, and 440.5 pounds for tips inserted 1 mm past the far
cortex; in comparison, values for our Synthes stainless steel
screws were almost 3 times higher (Table II). This signifi-
cant difference can be explained by the presumed differences
in bone coupon composition in their study. Although their
findings adequately demonstrated the trend in STS pullout
strength based on insertion depth, the actual pullout strengths
in their study appear to be significantly underestimated.

The better quality of our synthetic coupon, representative
of younger, healthier bone, can account for the damage and
failure identified in some of our screws. These bone blocks,
reflecting the qualities of normal cortical bone in the young
and active, also limit the scope of this research, as the find-
ings reported here can be safely applied only to healthy
cortical bone and cannot be used in making screw-depth
recommendations for osteoporotic bone, osteopenic bone,
or bone weakened by a metabolic or malignant process.

Our study results confirmed the trend reported by
Berkowitz and colleagues® and seem to indicate that hold-
ing power is maximized once the STS tip penetrates the



far cortex of healthy bone. These results had marked sta-
tistical significance (P<.0001) and increased power (0.93).
Furthermore, we avoided the block variance that Berkowitz
and colleagues encountered. Therefore, our results provide
evidence against the anecdote-based suggestion that STSs
be inserted 2 mm past the far cortex.?

We also determined that the principle of maximizing
power merely by penetrating the far cortex could be applied
to all cortical STSs, regardless of screw composition or man-
ufacturer. Although the Synthes titanium screws predictably
demonstrated lower mean pullout strength in comparison
with the Synthes stainless steel screws inserted to the same
depth, this finding was not statistically significant.

Given the results of the present study, we may be able to
discount the current recommendations and instead advocate
inserting cortical STSs only 1 mm past the far cortex in
patients deemed to have healthy cortical bone. Such a
change is particularly relevant because protruding screw
tips pose an increased risk to soft tissue and neurovascular
structures adjacent to fractured bone.

AUTHORS’ DISCLOSURE STATEMENT
The authors report no actual or potential conflict of interest in
relation to this article.

10.

A. Schoenfeld et al

REFERENCES

. Gonzalez JV, Trout BM, Stuck RM, Vrbos LA. Time analysis for screw

application: traditional lag technique versus self-tapping lag technique.
J Foot Ankle Surg. 1997;36(6):422-424.

Pollak AN, Ziran BH. Principles of internal fixation. In: Browner BD,
Jupiter JB, Levine AM, Trafton PG, eds. Skeletal Trauma. 3rd ed.
Philadelphia, PA: Saunders; 1998:287-348.

Ansell RH, Scales JT. A study of some factors which affect the
strength of screws and their insertion and holding power in bone.
J Biomech. 1968;1(4):279-302.

Baumgart FW, Cordey J, Morikawa K, et al. AO/ASIF self-tapping
screws (STS). Injury. 1993;24(suppl 1):51-S17.

Berkowitz R, Njus G, Vrabec G. Pullout strength of self-tapping screws
inserted to different depths. J Orthop Trauma. 2005;19(7):462-465.
Chandler RW. Principles of internal fixation. In: Bucholz RW, Heckman
JD, eds. Rockwood and Green’s Fractures in Adults. 5th ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2001:181-229.
Koranyi E, Bowman C, Knecht C, Jahnsen B. Holding power of ortho-
paedic screws in bone. Clin Orthop. 1970;(72):283-286.

Muller ME, Allgower M, Schneider R, Willeneger H. Screws and plates
and their application. In: Mduller ME, Allgower M, eds. Manual of
Internal Fixation: Techniques Recommended by the AO-ASIF Group.
3rd ed. New York, NY: Springer-Verlag; 1991:179-199.

Timoshenko SP, Goodier JN. Theory of Elasticity. New York, NY:
McGraw-Hill; 1970.

Murphy TP, Hill CM, Kapatkin AS, Radin A, Shofer FS, Smith GK.
Pullout properties of 3.5-mm AO/ASIF self-tapping and cortex
screws in a uniform synthetic material and in canine bone. Vet Surg.
2001;30(3):253-260.

This paper will be judged for the Resident Writer's Award.

My Speczalzy my destination, my schedule

This Web site was made for me. |
choose my specialty, my destination

and when | can travel. And | can do this

at my convenience—24/7. With hundreds
of meetings to choose from, daily updates
and travel tips, cmeplanner.com covers all

of my CME needs.

CMEplanner.com e

CMEplanner.com

Tova 1 | Pes i | frmmmmee | Beemmary | Samemene | Sasiiee | ioee

e |

Educats - o,

s st aily ] pationts.
Gt the Metabolic Fact Sheet.  [[RTNTRRIRN

The Physician’s Ultimate Source for Continuing Medical Education

September 2008 469



