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ABSTRACT

Introduction. During fracture osteosynthesis, traumatologists may
remove screws which are too long, cut the excess length from the screw
tip, then reinsert the cut screw (CS) to minimize implant waste. The
purpose of this study was to determine if this practice influences screw
purchase.

Methods. Using an axial-torsion load device, the maximal insertion
torque (MIT) required to insert 3.5 mm stainless steel cortical screws
into normal and osteoporotic bone models was measured. MIT was
determined in three different test conditions: (1) long screw (LS) inser-
tion; (2) LS insertion, removal, and insertion of a normal-length screw
(NS); and, (3) LS insertion, removal, cutting excess length from the
screw tip, and reinserting the CS.

Results. In the normal bone model, mean (= SD) MIT of LS inser-
tion was 546 + 6 Newton-centimeters (N-cm) compared to 496 + 61
N-cm for NS reinsertion and 465 + 69 N-cm for CS reinsertion. In
the osteoporotic bone model, MIT of LS insertion was 110 + 11 N-cm,
whereas the values for NS and CS reinsertions were 98 + 9 N-cm and
101 + 12 N-cm, respectively. There was no significant difference in MIT
between CS and NS reinsertions in the osteoporotic bone analog,

Conclusions. Cutting excess length from a 3.5 mm stainless steel cor-
tical screw did not decrease its purchase regardless of bone density.
During osteosynthesis, orthopaedists may remove screws which are
too long, cut the screw tip, and reinsert the shortened screw as a cost-
saving measure without compromising fracture fixation.
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INTRODUCTION

Fracture fixation using plate osteosynthesis is a well-established
treatment employing basic principles of biomechanics such as com-
pression and torque. A successful fracture reconstruction depends
largely upon the orthopaedist’s ability to achieve adequate plate
compression by maximizing torque applied to a screw. Many factors
affecting screw purchase, including patient characteristics, such as
bone density, and mechanical factors, such as screw and plate design
features, are not within the surgeon’s control. However, the surgi-
cal technique used to apply plate and screws to the fractured bone,

including possible modification of the screw tip, is determined by the
operating orthopaedist.

When cortical screws used during osteosynthesis are too long, they
may protrude from the far cortex of bone, potentially causing pain and
injury to adjacent soft tissue structures. In this setting, a shorter screw
is warranted. How this is accomplished varies as some surgeons discard
the long screw (LS) and replace it with a new screw (NS) of appropri-
atelength, whereas others choose to remove the long screw, cut it to the
required length, and reinsert the cut screw (CS). In the latter scenario,
the orthopaedist saves the cost associated with wasting the LS, which
may not be reused in another patient. One hospital system found that
3.5% of all trauma implant costs were due to wasted materials, adding
anaverage of $83 to the cost of each case.! Incorrectly measured screw
lengths were one of the most common reasons for wasted materials, the
cumulative cost of which may be significant for a health care system.'

While other biomechanical studies have assessed the effect of
insertion technique,? insertion angle,* and screw pitch®® on screw pur-
chase, the influence of reinserting a CS is unknown. The purpose of
this study was to investigate whether removing an implanted screw,
cutting excess length from the screw tip, and reinserting the implant
has an effect on screw purchase as determined by the maximal inser-
tion torque (MIT). As deformation caused by cutting a screw alters the
distal thread, it was hypothesized that reinserting a CS would remove
additional bone, decrease the contact surface area of the screw-bone
interface, and decrease screw purchase. This hypothesis was tested by
comparing the MIT required to reinsert CS and NS in synthetic bone
models.

METHODS

Experimental Design. Stainless steel screws designed for fracture
fixation were inserted into surrogate bone materials approximating
normal and osteoporotic femoral diaphyseal bone to determine MIT
in three different test conditions (Figure 1). In Condition A, a LS was
introduced into each predrilled and untapped hole in the model speci-
men, MIT was measured, and the LS was removed. In Condition B, a
LS was inserted and removed and then a screw of appropriate length,
so-called "normal screw” (NS), was inserted, and MI'T was measured.
In Condition C, a LS was placed into a predrilled and untapped hole
and then removed. The LS was then shortened by cutting the screw
tip and the resulting cut screw (CS) was reinserted and MIT was
remeasured. The values obtained for the three test conditions were
statistically analyzed for both bone models.

Test Materials. The two bone analog models intended to simulate
normal and osteoporotic bone in this study were like those used in pre-
vious biomechanical experiments.’® A fourth generation Sawbones”
(Pacific Research Laboratories, Vashon Island, WA) model with an
outer diameter of 30 mm, wall thickness of 7 mm, and an internal fill
of 20# density foam was used to mimic the normal bone of a mid-shaft
femur. The common cylindrical shape of the specimen improved test
repeatability as compared to testing with an anatomic model of varying
geometry. To simulate osteoporotic bone, a custom Sawbones” foam
laminate of 16 mm, thick 107 solid foam laminated on both sides with
5.5 mm 307 solid foam was used. Each test block had a finished size
120 mm wide, 170 mm long, and 27 mm thick.
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Figure 1. Testing algorithm. a) In Condition A, LS is inserted and test is done to
determine MIT.b) In Condition B, LS is inserted, removed, NS is inserted, and
MIT is determined. ¢) In Condition C, LS is inserted, removed, and screw tip is
cut to shorten the screw. The resulting CS is reinserted and MIT is determined.

The stainless-steel cortical screws were 3.5 mm diameter screws
manufactured by Stryker” (Mahwah, NJ). The LS measured 40 mm,
CS 34 mm, and NS 34 mm. Images of a cut stainless steel screw are

shown in Figure 2.

Figure 2. Two views of a stainless-steel cut screw showing mechanical deforma-
tion of the screw tip.

Maximal Insertion Torque Testing. Insertional torque was mea-
sured continuously on a Bose (Iframingham, MA) ElectroForce” 3220
Axial-Torsion load frame (Figure 3). An axial preload of 10 N was
applied and held constant for the duration of the screw insertion test.
The test was driven at a rotational rate of five revolutions per minute.
The time, axial load, axial displacement, rotation angle, and torque
were recorded at a data acquisition rate of 10 Hz. The test was per-
formed until failure of the bone-screw interface, screw head stripping,
screw head fracture, or a machine torque limit was reached.

Figure 3. Maximal insertion torque (MIT) testing. a) Screw MIT testing setup;
b) Screw insertion into normal cortical bone model; ¢) Screw insertion into
osteoporotic bone model.
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The torque measuring load frame limit of 550 N-cmis well above the
torque applied to screws during osteosynthesis.” If the screw MI'T was
greater than 300 N-cm, the screw was considered not stripped under
clinical conditions.”8101

To prepare the bone models for testing, 2.5 mm diameter holes were
drilled perpendicular to the longitudinal axis of the test cylinder. A hole
spacing of 12.5 mm was used to give a five times the diameter spacing
between holes as specified by the American Society for Testing and
Materials (ASTM).">!¥ The intent was to insert all screws perpendicu-
lar to the long axis of the test cylinder, penetrating both near and far
sides of the specimen. A matched washer was used with each screw to
simulate a standard bone fracture plate. Screws were started by hand
and inserted until the screw head was approximately 4 mm from con-
tacting the washer.

In the first series of tests using the normal cortical bone model, five
replicates of LS, NS, and CS were tested to see if differences in MIT
could be found. In the second series using the osteoporotic bone model,
seven replicates were tested. Tested screws were removed by hand and
each screw was examined for damage. The number of screws tested in
each group of the study met or exceeded the number of screws tested
in the published literature on MIT"®

Statistical Analysis. Statistical analysis of the results was per-
formed by one-way ANOVA test with the Least Significant Difference
formula for post hoc multiple comparisons (IBM" SPSS v23, Chicago,
IL). Seven independent tests per test condition were summarized for
analysis. A p value of less than 0.05 was considered as significant dif-
ference. Data were expressed as mean + standard deviation (SD) of
the mean.

RESULTS

Normal Bone Analog. The mean + SD MIT of initial LS insertion
was 546 + 6 N-cm and the MIT values for NS and CS reinsertions were
496 + 61 N-cm and 465 + 69 N-cm, respectively (Table 1). The mean
value for each test condition in the normal cortical bone model was sig-
nificantly above the MIT clinically relevant threshold of 300 N-cm (p
<0.05). For the cortical bone surrogate, 70% of the screw heads broke
prior to reaching the MI'T machine limit of 550 N-cm.

Osteoporotic Bone Analog. The MIT of initial LS insertion was
110 + 11 N-cm and the MIT values for NS and CS reinsertions were
98 + 9 N-cm and 101 + 12 N-cm, respectively (Table 1). There was no
significant difference in MI'T between CS and NS in osteoporotic bone.

Table 1. Maximal insertion torque (MIT).

Test condition Screw type Normn;?llell),? ne Osﬁz%(éll',? tic
A Long screw (LS) 546 + 6 111+ 11
B Normal screw (NS) 496 + 61 98 +9
C Cut screw (CS) 465 + 69 101 +12

* Tabulated values are mean + standard deviation in N-cm.
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Within osteoporotic bone, insertional torque recorded 180° prior to
MIT and 180° after MIT were compared in CS and NS screws (Figure
4). At each measurement in the 360° arc, there were no significant dif-
ferences in torque (p < 0.05).

Torque (N*cm)
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Figure 4. Insertional torque (in N-cm) measured 180° before and 180° after
MIT reinserted screws of appropriate length (NS; purple) and for reinserted
CS (green).

DISCUSSION

Based on the initial hypothesis, a decrease in MIT after CS reinser-
tion compared to NS reinsertion was anticipated. Since no statistically
significant reduction in MIT was found, this hypothesis must be reject-
ed. The results supported the surgeon’s practice of cutting screws
which are determined to be too long during osteosynthesis as a cost
savings measure, as CS reinsertion did not compromise MIT in either
the normal cortical bone or osteoporotic bone models. Based on these
data, we believed that surgeons may reintroduce screws which were
cut or shortened during fracture fixation without regard to a patient’s
bone quality.

The health care cost savings resulting from this practice may be
substantial as long screws were present in approximately 25% of con-
structs.'* If an orthopaedic surgeon performs 500 cases per year,
then an estimated 125 cases have potential cost savings associated
with cutting a screw. For nonlocking cortical screws at $20 per screw,
there could be a cost savings of $2,500 per year. For interlock screws
like those used in a tibial nail at $240 per screw, there could be a cost
savings of up to $30,000. Thus, the financial implication of just a single
surgeon adopting the practice of cutting screws would be impactful.

Although there are various parameters to quantify screw purchase,
the use of MIT is most appropriate for this study. MIT has been recom-
mended as the preferred method for quantifying compression from the
screw head against a compression plate.® This compression maintains
the stability of the plate-screw construct and has been shown to be a
predictor of successful internal fracture fixation."™%” Lack of stabil-
ity leads to problems such as screw loosening and cutout, which may
require reoperation and result in poor patient outcomes.'®? Previous
biomechanical studies have demonstrated decreased screw pullout
strength after screw reinsertion.?** However, these studies should

Dbe interpreted in light of the findings of Ricci et al.?, who showed that

changes in screw design affected MI'T but did not correlate with pullout
strength.

The findings regarding MIT with screw reinsertion were consistent
with previously published studies. For example, Marmor et al.” found
that screw purchase was not affected adversely until the third reinser-
tion in a normal cortical bone model. In their osteoporotic cortical
bone analog, the 8% decrease in MI'T observed with the first reinser-
tion was not statistically significant. Similarly, this study did not show a
significant difference in MIT with screw reinsertion, indicating that the
practice of removing a screw which was too long, cutting the tip, then
reinserting the CS did not weaken the construct as measured within
clinically relevant ranges.

When examining insertional torque in the 180° of screw head
rotation leading up to and following MIT, there were no significant dif-
ferences in torque between NS and CS. As MIT is reached at a single
point in time (or turn of the handle), very rarely is MIT achieved in
a clinical setting. One study showed that orthopaedic surgeons strip
up to 20% of screws that are placed.* Thus, it is reassuring that the
insertional torque on a CS increases (and decreases) at arate like a NS.

There were several limitations to this study. One was that the upper
limit of MIT was not reached for tests with the normal cortical bone
analog which precluded quantitative measure of differences in MIT
in the NS and CS test conditions. Another limitation was that only
stainless steel screws were studied. Titanium is more malleable than
stainless steel and has different mechanical properties. Therefore,
cutting a titanium screw may produce more deformation of the distal
threads and lead to a different test result. Likewise, cutting screws of
different sizes may have an impact on MIT. A final study limitation
was that bone analogs were used instead of human cadaver bone. The
results, therefore, may not be extrapolated directly to in vivo human
bone.

In conclusion, this study showed that cutting a 3.5 mm stainless steel
cortical screw did not decrease its purchase as determined by maximal
insertion torque in normal cortical bone or osteoporotic cortical bone
models. During osteosynthesis, orthopaedists may choose to remove
screws which are too long, cut the screw tip to remove excess length,
and reinsert the screw without compromising the fracture reconstruc-
tion, while at the same time avoiding implant waste and saving health
care dollars.
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