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Abstract
We conducted a study to highlight areas of risk with distal
radius fixation to prevent occurrence of extensor tendon
injury without compromising the security and stability of
the fixation.

Twelve cadaveric forearms were used. The volar lock-
ing plate was placed to best anatomical and radiologic fit
on the distal radius of each arm. All 7 holes in the plate
were drilled, and bicortical length was measured using a
depth gauge under fluoroscopy to estimate screw lengths.
Screws were secured into place, and dorsal prominence
was measured.

The central screw positions had the least dorsal screw

istal radiusfractures constitute 15% of allvextremity:
D fractures and are the most common upper extremity

fractures.”* The incidence of distal radius fractures is
continuing'to escalate because of the expanding elderly popu-
lation and concurrent increase in osteoporosis.** In addition,
open reduction and internal fixation with a volar locking plate
for distal radius fractures are more commonly being per-
formed by general orthopedists, who may not perform these
surgeries frequently. Surgically treated patients experience less
time immobilized and have a higher chance of regaining previ-
ous functional status.” In a commonly used technique, volar
fixed-angle plating is used to stabilize the distal radius. With
the rising popularity of this method, more patients are having
postoperative complications."**¢ Extensor tendon irritation
and attritional rupture constitute up to 50% of all complica-
tions stemming from volar plating of the distal radius.'

Volar plate fixation of the distal radius was originally de-
signed to decrease postoperative tendon complications by
preventing the flexor and extensor tendons from coming into
direct contact with the surgically placed plates and/or screws.!
This technique places the volar plate under the belly of the
pronator quadratus muscle. Shielding the flexor tendons, the
pronator quadratus can prevent the volar plate from causing
flexor tendon attrition. This shielding does not occur on the

prominence, mean (SD) of 0.50 (1.06) mm, and were con-
sidered low-risk. The radial and ulnar screw positions had
more dorsal screw prominence, 3.38 (1.38) mm and 1.03
(1.30) mm, respectively. Although only radial prominence
was statistically significant, both radial and ulnar screw
positions were considered high-risk and in need of screw
length adjustments.

The data suggest that screw length for this plate
should.bexdecreased by about 3 mm for the radial posi-
tions and by 1.mm for the ulnar positions to decrease the
risk for tendon rupture and irritation secondary to dorsal
screw,prominence.

dorsal side of thewrist because'the extensortendons are indull
contact with the dorsal radius. Assuch, volar/fixation gained
in popularity on the premise of preventing’extensor tendon
complications)by directly avoiding the dorsal compartment."’
The most common complication of volar plating ironically
involves the dorsal compartment."” The typical distal radius
fracture occurs when a fall on an outstretched hand results in
significant dorsal comminution. In these cases, it can be difficult
to judge the appropriate screw length, as the depth gauge does
not have an intact cortex to hook. There is the temptation to
use intraoperative fluoroscopy and the depth gauge to estimate
screw lengths at the distal radius, especially in cases in which
a surgeon may not perform this type of surgery often. More
specifically, use of a lateral image to gauge the appropriate length
for screws may be tempting, but a false estimate is possible.
Screw prominence on the dorsal cortex may be caused by
the complex geometry of the distal radius. This geometry is
produced by the Lister tubercle and its adjacent groove for
the extensor pollicis longus.” The dorsal shape of the distal
radius is a dome or dihedral with the thickest part at the Lister
tubercle. The dihedral shape may hide possible dorsal screw
prominence on a lateral radiograph, but screw prominence can
be appreciated with computed tomography (CT) (Figures 1, 2).
We conducted a study to determine if and where screw
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prominence occurs, and in what
amount, to establish general guidelines
for screw depth based on lateral radio-
graphs. We also wanted to be able to
highlight the potential source of post-
operative complications.

Materials and Methods

Twelve preserved cadaveric forearms
were used for this study. Two sets of
arms were paired, and the other arms
came from different cadavers. In total, 5
male arms (3 left, 2 right) and 7 female
arms (5 left, 2 right) were used.

The arms were harvested using a
bone saw to cut through the humerus
just proximal to the epicondyles, keep-
ing the ulna and radius completely
intact. Each arm was examined by the
naked eye and by fluoroscopy to deter-
mine if any significant anatomical or
traumatic variations in the distal radius
were present. None showed any abnor-
mal variation.

The flexor tendons and volar struc-
tures were removed to allow easy visu-
alization and access to the distal radius.
The volar locking plates (Precise SD;
Small Bone Innovations) were posi-
tioneditorthe best anatomical and radio-
graphic fit and secured with a proximal
and distal Kirschner wire (Figure 3).
A single cortical, screw was placed
through the shaft for compression.
All 7 distal holes were drilled bicorti-
cally using an appropriately sized 2.0-
mm drill and the standard block drill
guide. A depth gauge was used in con-
cordance with fluoroscopy to estimate
the distance between cortices and ap-
propriate screw lengths for each hole. A
standard lateral view was used to deter-
mine the depth based on aligning the
depth gauge at the dorsal cortex. The
hook was not used to hook the dorsal
cortex, as typically the dorsal cortex
is severely comminuted and unavail-
able for measurement. Next, all 7 lock-

Figure 1. Computed tomography shows
dorsal screw penetration at radial styloid
of patient referred for second opinion for
dorsal wrist pain. (Image courtesy of Mar-
tin I. Boyer, MD.)

Figure 3. Labeled volar locking plate
(Precise SD; Small Bone Innovations) with
numbered screw positions.

Figure 2. Computed tomography shows
dorsal screw penetration at ulnar side of
distal radius of patient referred for second
opinion for dorsal wrist pain. (Image cour-
tesy of Martin |. Boyer, MD.)

Figure 4. Anteroposterior fluoroscopy
shows appropriately placed screws with
bicortical fixation.

ing screws of premeasured length were secured into their respective holes. Antero-
posterior, lateral, and oblique (forearm supinated and pronated 45°) radiographs
were obtained to visualize screw placement and possible dorsal screw prominence
(Figures 4-6).® The extensor tendons and dorsal structures were then dissected away
to expose any violation of the dorsal compartments, and calipers were used to mea-
sure absolute dorsal screw prominence and the depth of the Lister tubercle (Figure 7).

Mean (SD) dorsal prominence at each screw position was calculated. The screws
were also categorized into radial (1,4), central (2,5), and ulnar (3,6,7) groups based

Figure 5. Lateral fluoroscopy shows ap-
propriately placed screws with bicortical
fixation.
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on location within the plate (Figure 3).
Equality of means testing was performed
using a 1-way analysis of variance fol-
lowed by a Bonferroni test.

Results

Mean (SD) dorsal prominence in mil-
limeters is listed in Table 1. Positions
1 and 4 had significantly more dorsal
prominence than the other 5 screw
positions (P < .01 for all comparisons).
Mean (SD) dorsal prominence based
on grouped screw positions is listed in
Table 2. There was significantly more
dorsal prominence in the radial group
that in the central group (P < .001) and
ulnar group (P <.001). Mean

depth of the Lister tubercle

Figure 6. Supinated view (45°) shows
prominence on dorsal radial styloid.

was 3.25 mm.

All prominent screws in
the radial aspect of the radius
were detected using a supi-
nated 45° view. A 45° pronat-
ed view was not successful in
demonstrating screw promi-
nence on the ulnar side of the
wrist because of overlap of
the ulnar head.

Diseussion

Extensor tendon irritation
and extensor tendon rupture
are frequent yet preventable
complications of using volar
plating systems to stabilize distal radius fractures. Many recent
studies have investigated the intraoperative methodologies
in order to identify real-time adjustments the surgeon can
make to prevent negative outcomes. The first report of exten-
sor tendon injury caused by volar plate fixation (published
in 1989) was attributed to dorsal screw prominence.”'® Even
today, extensor tendon complications remain a challenge, as
screw prominence is difficult to ascertain even with multiple
intraoperative radiologic views."*

This study simulated real-time radiographic views to es-
timate if screws had extended into the dorsal compartment.
These radiographic predictions were then correlated with the
absolute dorsal screw prominence seen after dorsal compart-
ment dissection. We determined that the supinated oblique
view was the best imaging view for identifying radial styloid
screw prominence.

Mean depth of the Lister tubercle was 3.25 mm (similar
to previously reported 2 mm'"). However, there was no cor-
relation identified between depth of the Lister tubercle and
amount of dorsal screw prominence.

We wanted to identify high-risk areas and estimate expected
dorsal screw prominence in order to make appropriate intra-
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Figure 7. Same wrist as in Figures 2 and 3 shows screw
protrusion.
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operative screw length adjustments. The
radius is divided into radial, central, and
ulnar columns. The central screw posi-
tions had the least dorsal screw promi-
nence (mean, 0.50 mm). This central po-
sition was considered low-risk. Both the
radial and the ulnar screw positions had
more dorsal screw prominence (means,
3.38 mm and 1.03 mm, respectively).
Only the radial screws had significantly
more prominence. However, this study
was not powered to detect a difference
as small as that between the central
and ulnar screw positions. Despite the
lack of statistical significance, it is clear
from the data that the ulnar screws trend
toward more dorsal promi-
nence, and, therefore, screw
measurements at both the
radial and ulnar screw loca-
tions (using the depth gauge)
require adjustments.

Extensor tendon contact
was difficult to determine
based on any specific screw
length, as the extensor ten-
don had to be dissected to de-
termine prominence. Based
on observations, a promi-
nencerof 2smmyseemedrto
present a risk for tendon ir-
ritation=The periosteum and
the rounded end of the screw
may obviate the risk with
1 mm of prominence. However, this observation may not hold
true in an in vivo situation.

This study had several limitations. First, only a single brand
of plate was used, making these findings specific to this system.
However, concepts and conclusions can be extrapolated to all
systems. The radial side had the highest risk for prominence,
and this factor should be accounted for when selecting screw
lengths. In addition, the ulnar column also poses some risk,
but not to the degree of the radial column. Another limitation
is that fractures were not created in these radii; therefore, dor-
sal comminution was not recreated. In some cases, the dorsal
cortex may be displaced dorsally and be somewhat protective.
This study is not meant to be an exhaustive study on all volar
plates or provide absolute recommendations. It is meant to
suggest caution to surgeons who may not be familiar with
the complex anatomy of the dorsal radius and to identify areas
where the risk for screw penetration is highest.

Shortening screw lengths at the positions described may
trigger surgeons’ concerns about stabilizing distal radius frac-
tures. In a 2012 biomechanical study, Wall and colleagues'
found no difference between unicortical screws (placed at 75%
of the distance to the dorsal cortex) and bicortical screws in ef-
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Table 1. Dorsal Prominence Based on
Screw Position

Table 2. Dorsal Prominence Based on
Grouped Screw Positions

Dorsal Prominence, mm

Screw Position Mean SD

1 3.25 1.76

é ................................... 033 ..................... 065 ...........
.3. ................................... 025 ..................... 045 ...........
.4. ................................... 350 ..................... 202 ...........
é ................................... 067 ..................... 137 ...........
.6. .................................... 11 7 ..................... 147 ...........
.7. .................................... 1 67 ..................... 137 ...........

fectiveness in stabilizing distal radius fractures."” The proposed
reduction will result in the desired bicortical screw lengths but
limit prominence. In addition, in the setting of dorsal com-
minution, the increased stability gained by bicortical fixation
is minimal.

In fractures with an intact dorsal cortex, standard depth
gauges will likely produce appropriate screw length measure-
ments. However, even in this situation, and based on the re-
sults reported by Wall and colleagues,? subtraction of\1 to 2
mm may prove prudent. In cases in which the dorsal'cortex
is comminuted and screw estimates based 6n fluoroscopy
are used, the lateral image may provide estimates that lead
to screw prominence. A 45° supinated view should be used
to checksscrew lengthefor the radialside, the colummmost at
risk. However, comminution may also,obscure'this view. We
cannot comment on that, as the present study did not create
comminutéd fractures.of the distal radius. In‘addition, the
ulnar column posed a lesser but real risk of screw prominence,
which must also be accounted for, and typically is not appreci-
ated with alternate views.

Last, use of live fluoroscopy instead of standard anteroposte-
rior and lateral views may prove valuable in assessing hardware
placement and screw length in the setting of a comminuted
distal radius fracture. Through use of live fluoroscopy, promi-
nent screws, especially those on the radial side, may be identi-
fied, and potential tendon injury may be avoided. Keeping in
mind the shape of the dorsal aspect of the distal radius should
assist surgeons in preventing screw prominence dorsally and
limit complications.
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Dorsal Prominence, mm

Screw Location Mean SD
Radial (1,4) 3.38 1.38
.l\./l |dd l.é (25) ........................ 050 ..................... 106 ...........
Umar(367)103 ..................... 130 ...........
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