Surgery Article

HAND
2019, Vol. 14(2) 203-208

A Comparison of Plate Versus Screw © The Author(s) 2017

Article reuse guidelines:

Fixation for Segmental Scaphoid sagepu comourmal-permissions

DOI: 10.1177/1558944717732065

Fractures: A Biomechanical Study hand sagepub.com

Jill A. Goodwin', Paulo Castafieda', Ryan P. Shelhamer',
Liam C. Bosch', and Scott G. Edwards'

Abstract

Background: Volar locking plate fixation may offer several advantages over headless screw fixation for scaphoid nonunion,
or segmental or comminuted fractures: (1) increased surface area for bony healing; (2) preserved vascularity; and (3)
maintenance of a gap for graft insertion. The purpose of this study is to compare headless screw and locking plate fixation
of segmental scaphoid fractures and to determine whether either fixation provides a greater mechanical advantage in
osteoporotic versus nonosteoporotic bone. Methods: Sixteen matched-pair cadaver scaphoids were dissected from a
range of osteoporotic and nonosteoporotic specimens. Scaphoids from each matched pair were randomly assigned to
either volar locking plate or compression screw fixation. A 3-mm segment of bone was circumferentially excised from
each scaphoid waist to simulate a segmental defect. Implants were applied, and each specimen was then loaded in axial
compression. Load to failure was defined as the load required to achieve gap closure. Mechanism of failure, load to failure,
and percent gap recovery were recorded for each trial. Results: Gap closure occurred in all trials. Difference in load to
failure was not statistically significant between plate and screw fixation in either nonosteoporotic or osteoporotic cadaver
specimens. However, percent gap recovery was significantly higher for plate fixation than for screw fixation. Conclusions:
In scaphoid fractures with segmental defect, plate and screw fixation demonstrate similar loads to failure, but plate fixation
performs superiorly to screw fixation for gap recovery after an applied load to failure.
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Introduction improve scaphoid fracture fixation by resisting axial com-
pression, rotation, and shear.® Current proposed indications
for plate fixation include revision scaphoid nonunion repair
after screw fixation, chronic nonunion delayed greater than
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properties.'" However, cancellous graft lacks the structural
integrity that cortical or corticocancellous graft provides.
Therefore, fixation for scaphoid nonunion will need to be
structurally resilient if cancellous graft is to be used without
cortical support when needed. The aim of this article is to
determine whether plate or screw fixation provides a greater
mechanical advantage in a simulated scaphoid nonunion
with segmental defect.

Methods and Materials
Study Design

Using previous biomechanical cadaveric studies as a refer-
ence, the investigators used a power analysis with an alpha
error of 0.05 and 80% power to estimate that a minimum of
7 specimens per group would be necessary to have suffi-
cient statistical power, with a difference of 20 N between
specimens.'*'®

In total, 32 scaphoids were dissected from forearms of
16 matched cadaver pairs. Cadavers were specifically
obtained in 2 different groups in an effort to acquire osteo-
porotic and nonosteoporotic density specimens. Specimens
were either males less than 60 years old or females greater
than 60 years of age. No cadavers had any history of wrist
trauma or surgery.

All forearm specimens were scanned with dual-energy
X-ray absorptiometry, using the distal radius for measure-
ment.'” The average T score for left wrist specimens was
—2.13 £ 2.20, versus —2.18 + 2.32 for the right wrist speci-
mens (P = .95). To differentiate between densities, scaph-
oids were classified as either osteoporotic (7 score <-2.5,n
= 13) or nonosteoporotic (7 score > —2.5, n = 19). Ten
scaphoids were osteopenic (7' score between —1 and —2.5),
and these were included in the nonosteoporotic group to
generate a sample size great enough for comparison with
the osteoporotic group.

Scaphoids from each matched pair were randomly
assigned to receive either plate or screw fixation. Wrist
pairs were randomized to determine type of fixation for the
right or left hand.

Implant Application and Osteotomy

For the scaphoids receiving screw fixation, the scaphoid
was dissected from the wrist and all soft tissue was removed.
Each scaphoid was measured, specifically noting the mid-
point of the scaphoid between proximal and distal poles.
This point was marked, and 1.5-mm on either side of the
point was also marked, to create a boundary for the osteot-
omy. The 3-mm osteotomy represents the segmental defect
frequently encountered in scaphoid nonunion along the
scaphoid waist, and also represents the site typically filled
with bone graft. Using a custom-made guide, a 1.1-mm

Kirschner wire (K-wire) was then inserted through the cen-
tral axis of the scaphoid from distal to proximal.'® A 3-mm
osteotomy was made using a fine precision saw along the
previously marked boundaries. A 3-mm polyurethane
spacer was inserted temporarily into the osteotomy site to
preserve the height of the scaphoid during screw insertion.
A 2.1-mm cannulated drill bit was used to predrill along the
axis of the K-wire, according to manufacturer guidelines. A
depth gauge was used to select appropriate screw length. A
3.0-mm headless screw (Medartis, AG, Austrasse, Basel,
Switzerland) of either 18, 20, or 22 mm was inserted on
power until the screw was flush with the near cortex. A hand
screw driver was used to provide 3 further full turns, to
2-finger tightness, by the same investigator. The 3-mm
spacer was removed after hardware installation.

For the scaphoids receiving plate fixation, a standard
volar approach radial to flexor carpi radialis was used to
dissect down to the scaphoid. Once the nonarticular volar
portion of the scaphoid was fully visualized, the plate (Med-
artis, AG) was temporarily placed and the proximal- and
distal-most screw holes of the plate were predrilled with a
1.1-mm K-wire. These predrilled holes served as landmarks
for plate fixation after the scaphoid was dissected. These
steps were performed to assure proper placement of the
plate on the scaphoid with all anatomic landmarks still pres-
ent. All soft tissue was dissected off of the scaphoid. The
scaphoid was measured, the midpoint between proximal
and distal poles noted, and a 3-mm segment was marked for
the osteotomy as previously described. The plate was then
placed on the volar aspect of the scaphoid and contoured,
with attention to predrilled holes. The osteotomy was then
made with a fine precision saw, and the 3-mm spacer was
inserted. Afterward, the proximal and distal holes were pre-
drilled with a 1.2-mm drill bit though the holes previously
used, and the plate was secured to the scaphoid through
those holes using 1.5-mm nonlocking screws. The other 4
holes were predrilled with the 1.2-mm drill bit, and then
four 1.5-mm locking screws were inserted. The proximal
and distal nonlocking screws were then traded for locking
screws. All screws holes were measured with a depth gauge
to appropriate length, using screws measuring between 9
and 15 mm.

Loading Configuration

Once fixation was installed and spacers were removed, the
scaphoids were potted in cement to facilitate mounting on
the load frame (TestResources, Inc, Shakopee, Minnesota).
A 1.1-mm K-wire was first inserted in the proximal pole of
the scaphoid, parallel to the osteotomy and perpendicular to
the plane of rotational inertia experienced with cantilever
bending, to serve as additional fixation in the cement.
Polymethylmethacrylate (The Bosworth Company, Skokie,
Illinois) was then poured into a custom-made collapsible
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Figure |. Scaphoid cadaver with plate fixation mounted on
load frame.

wooden box, and the scaphoid was inserted, taking care to
embed as much of the proximal pole as possible without
allowing the cement to enter the osteotomized gap.

The scaphoids were mounted on the load frame and
tested in axial compression in the technique previously
described by other published studies (Figure 1)."'® This
mechanism represents the most frequent cause of scaphoid
collapse, due to decreased cortical opposition with a
segmental defect, which is commonly encountered in
nonunion.”*' Scaphoids were oriented in 45° of flexion to
recreate the dorsal to volar cantilever force that is thought to
cause the humpback deformity of a collapsed scaphoid.* In
vivo, this oblique loading is transmitted to the scaphoid by
the trapezium, trapezoid, and capitate.*'“** Each model was
loaded in compression at 0.125 mm/s until failure.

Data Analysis

Load to failure was defined as the load required to cause
complete gap closure. For each trial, we recorded axial load
and position. To determine the point of failure, video record-
ings were analyzed to identify the time interval that starts
just before the gap begins to close and ends with the scaph-
oid poles making contact (complete gap closure). Within
that time interval, the load to failure is the highest load that
occurs just before the gap begins closing and well before a
rapid increase in load capacity upon complete gap closure.
The amount of gap restoration after unloading, or per-
cent gap recovery, was also recorded for each specimen to
define to what extent, if any, the segmental gap was reestab-
lished after gap closure. To normalize gap recovery for each
specimen, this was calculated as the ratio: postload gap

height / preload gap height. Gap measurements were
recorded before and after loading for each specimen using
high resolution photography (Figure 2). When measuring
the gap, the smallest longitudinal dimension between the
poles was recorded.

Two-way independent analysis of variance was used to
determine which groups, if any, were statistically different
in load to failure.

Results

Load to failure was recorded as the mean for each group,
including osteoporotic and nonosteoporotic plate and screw
fixation (Table 1).

Four of the 32 scaphoid trials were excluded from data
analysis due to errors in testing: In 2 normal density trials (1
plate and 1 screw), the scaphoids separated from the cement
during testing, and in 2 osteoporotic trials (1 plate and 1
screw), gap closure failed to occur secondary to translation
of the scaphoid poles. Complete gap closure occurred in all
other trials.

Difference in load to failure was not statistically signifi-
cant between plate and screw fixation in either nonosteopo-
rotic or osteoporotic cadaver specimens (pn = 118.9, 114.1,
185.0, and 131.5 N for osteoporotic plate and screw fixa-
tion, and nonosteoporotic plate and screw fixation, respec-
tively; P =.47).

All of the constructs fixed with plates failed by the plate
initially bending, followed by gradual volar translation of
the distal pole relative to the proximal pole (Figure 2). All
of the screw constructs failed by screw cut-out and subse-
quent volar translation of the distal pole.

Percent gap recovery was higher for plate fixation than
for screw fixation (= 40% + 6% vs 4% =+ 1% gap recovery
for plate and screw fixation, respectively; P < .01). The
mean preloading gap for the plate fixation group was 2.97 +
0.29 mm, and the mean postloading gap was 1.21 £ 0.77
mm. The mean preloading gap for the screw fixation group
was 2.95 £ 0.26 mm, and the mean postloading gap was
0.25 = 0.59 mm.

Discussion

While plate and screw fixation demonstrate similar loads to
failure in scaphoid fractures with segmental defects, plate
fixation performs superiorly to screw fixation for gap recov-
ery. This difference is important, because recovery of
scaphoid height in a nonunion scenario is critical to pre-
venting subsequent scaphoid collapse and secondary radio-
carpal and periscaphoid arthrosis.'>?**

The advantage of the locking plate in gap recovery is
thought to be due to the locking plate’s quality as a fixed-
angle construct and due to the amount of elastic deforma-
tion that the plate will tolerate. Because the plate is able to
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Figure 2. Scaphoid cadavers with plate fixation (a, preloading, and b, postloading) and screw fixation (c, preloading, and d,
postloading) representing typical mechanism of failure and gap recovery.

Note. Percent gap recovery is represented by the space remaining between the scaphoid poles after a load to failure and is represented by the distance
Y/X. This gap represents the space in a scaphoid nonunion model that is without structural support after bone grafting.

Table I. Mean Load to Failure With Standard Deviation for

Each Density/Fixation Group.

Average T Load to
n score failure (N)
Osteoporotic plate fixation 5 4217 1189 %406
Osteoporotic screw fixation 6 -38+1.6 1141513
Nonosteoporotic plate fixation 9 -I.1£12 1850+875
Nonosteoporotic screw fixation 8 -09+1.2 131.5+59.8

partially return to its original shape after loading, this is
likely due to the plate acting within its elastic modulus of
105 GPa. This biomechanical study stresses different
aspects of each fixation method due to their unique attri-
butes: The plate’s mechanical properties are tested, while
the screw trials specifically stress the screw-bone interface.

In consideration of the plate’s ability to superiorly
recover scaphoid gaps after a load to failure, the authors
advocate for plate fixation of “complicated” scaphoid
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fractures and nonunions, especially those with large seg-
mental defects, disuse osteoporosis, delayed presentation,
or failed screw fixation.

The segmental defect or collapsed deformity often
encountered in scaphoid nonunion may be due to fibrous
nonunion, comminution, avascular necrosis, or a chronic
defect in bone. Cancellous bone is the ideal graft choice for
scaphoid nonunion because of its superior osteoconductive
and osteoinductive properties, and because it incorporates
faster than corticocancellous grafts.!' However, purely can-
cellous grafts do not offer structural support, and so the
ideal fixation device if cancellous graft is to be used must
provide both structural support and space for the graft. The
segmental gap, bridged by either a plate or a screw in this
study, simulates the scaphoid waist gap that would be with-
out structural support from a graft postoperatively. This
study demonstrates that the plate performs superiorly to the
screw in recovery of that gap after a load. Furthermore, the
plate creates and stabilizes a gap, while the screw crosses
and disrupts that gap, or potential space for grafting. The
screw may also threaten graft space by displacing bone
graft during screw insertion or by compressing across the
segmental gap when there is limited bone. Last, when
inserted, screws are more likely to allow the gap to collapse.
These clinical scenarios suggest that plates may be a supe-
rior choice in nonunion with segmental defect.

To date, there are 3 published case series that provide
clinical outcome data for plate fixation of scaphoid non-
union, including 31 cases using either vascularized or iliac
crest bone graft. The authors report union at 2 to 7 months,
and 1 failed union among the 31 cases.**'® It is notable
that none of these series used purely cancellous graft but
rather corticocancellous. Even pedicled corticocancellous
vascularized bone graft has been unpredictable for this
indication.*'*?¢

The authors expected to find a statistically significant
difference in load to failure between osteoporotic and non-
osteoporotic groups. This lack of significant difference is
likely due to the large variance of the data and suggests that
specific scaphoid morphology and microarchitecture may
be more significant in determining load to failure than den-
sity alone.

The results of this study are similar to results of other
published work. Compared with biomechanical studies
using polyurethane models, cadaver studies have higher
variance in load to failure.*'*'® The load to failure data
from our study are similar to that over other scaphoid bio-
mechanical studies.*'>'**” While a similar cadaveric bio-
mechanical study by McCallister et al describes loads to
failure of 712 + 412 and 513 + 354 N for central and eccen-
tric screw placement, respectively, our study’s setup differs
dramatically in that we used a scaphoid osteotomy to simu-
late a nonunion scenario.'® In general, lower loads to failure

are expected from a construct with a gap or with multiple
osteotomies, as was the case in Koh et al, another cadaveric
biomechanical study, where mean loads to failure were
123.95, 142.21, and 170.62 N for different types of headless
screws in simulated nonunion fixation using osteotomized
cadavers." This is the first study to our knowledge to test
scaphoid fixation with a segmental gap, as opposed to a
simple osteotomy with remaining bony contact.’

There are limitations to this study. Power analysis and
funding supported the examination of 32 wrist cadavers, but
the large variance between trials yielded a study that is
likely underpowered. The authors believe that the variance
is due mainly to inconsistency in scaphoid morphology,
especially because such variance is not encountered in
polyurethane studies using similar methods.® A power anal-
ysis was done with the updated specimen variability, and 7
additional specimens per group would be required to evalu-
ate a 65-N difference between fixation and density groups
with 80% power. In addition, because this is a biomechani-
cal study, the clinical implications of the results cannot be
definitively determined. The design of our study is vali-
dated in previous literature and is consistent with the
accepted method of scaphoid loading."*'*%

From a biomechanical standpoint, the authors propose
that locking plate fixation be considered at least equivalent
to screw fixation for scaphoid nonunion and that locking
plate fixation is superior to screw fixation for gap recovery.
Given the results of this study, and the authors’ experience,
we recommend considering plate fixation in circumstances
where there is concern for delayed healing or the presence
of a large defect such as scaphoid nonunion after failed
screw fixation, scaphoid fracture or nonunion with substan-
tial bone loss or segmental defect, and scaphoid comminu-
tion. Furthermore, potential clinical benefits of volar
locking plates are beyond the scope of this particular study
but are being investigated by the authors.
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