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Background Open reduction and internal fixation (ORIF) using a volar locking plate is a
common method for treating displaced distal radius fractures. There is, however, the
risk of extensor tendon rupture due to protrusion of the screw tips past the dorsal
cortex, which cannot always be adequately seen on a lateral fluoroscopic view. We
therefore wished to compare the sensitivity of an intraoperative fluoroscopic skyline
view to a lateral fluorosocopic view in detecting past pointing of these screws.

Our series included 75 patients with an average age of 59 years
who underwent volar locked plate fixation of a displaced distal radius fracture.
Intraoperative anteroposterior (AP), lateral, and skyline fluoroscopic views were
performed in each case. The number of screws that were seen to protrude past the
dorsal cortex of the distal fracture fragment were recorded for both the lateral and

skyline views. The number of screws that required exchange was also documented.

No screws were seen to protrude past the dorsal cortical bone on the lateral

fluroscopic views. 15 of 300 screws (5%) were seen to protrude past the dorsal cortex by

an average of 0.8 mm (range, 0.5 to 2 mm) and were exchanged for shorter screws in

Conclusion Our results demonstrate that the skyline is more sensitive than a lateral
fluoroscopic view at demonstrating protrusion of the screws in the distal fracture
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Open reduction and internal fixation (ORIF) through a volar
approach has become the “gold standard” in terms of surgical
treatment of fractures of the distal radius." This technique
can, however, be responsible for complications such as
tendon rupture that are caused by screws passing through
the dorsal cortex of the distal radius.>™* A tangential X-ray
view of the dorsal distal radius, or “skyline” view, has been
described to detect the screws that are too long.” The
accuracy of this view has been validated by experimental
studies.®® There are two published clinical series on the use
of this view.%1°

The purpose of this article is to demonstrate the utility of
the skyline fluoroscopic view in detecting screws that pene-
trate the dorsal cortex of the distal radius that are not
apparent on AP and lateral fluoroscopic views.

Materials and Methods

We performed a retrospective chart review of all patients
with a distal radius fracture who were treated with open
reduction and volar locking plate fixation between Novem-
ber 2013 and April 2014. The series included 75 patients with
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Fig. 1 Installation to achieve intraoperative fluoroscopic “skyline.”

a mean age of 59 years (19-93), including 59 women. Thirty-
nine fractures involved the left wrist.

All patients underwent plate fixation using the same
technique through the volar Henry approach, by five different
surgeons, under locoregional anesthesia, using a tourniquet
and the Henry approach with a volar locked plate (One Step,
newClip Technics, The Fourrassiére, France). A fluoroscope
(XiScan4400, FMCONTROL, Alava, Spain) was covered with a
sterile drape and placed on top of the arm table to perform
intraoperative anteroposterior (AP), lateral, and skyline fluo-
roscopic views. The latter was obtained in two steps. The first
step was to place the elbow in a 75° flexed position with the
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forearm in full supination and the wrist held in maximal
flexion (=Fig. 1). From this position, the second step was to
change the position of the elbow a few degrees in flexion or
extension, until an optimal position was obtained that en-
abled visualization of four anatomical landmarks: the radial
styloid, the dorsal cortical bone of the radius in its entire
width, Lister’s tubercle, and the distal radioulnar joint (DRU]J)
space. Screws crossing the dorsal cortical bone were changed,
and new fluoroscopic views were taken.

Any changes in screw length or trajectory were made after
reviewing all three fluoroscopic views. All such changes were
recorded (~Figs. 2 and 3).

Results

No screws seemed to cross the dorsal cortical bone on the lateral
views. Fifteen of 300, or 5%, of the screws that were inserted in
the distal plate, however, were seen to penetrate through the
dorsal cortex of the distal fragment on the skyline view and were
exchanged for a shorter screw intraoperatively. The amount of
screw protusion averaged 0.8 mm, with a range of 0.5 to 2 mm.
The use of a skyline view changed the intraoperative manage-
ment in 11 of 75 patients (14.66%) (~Table 1).

Discussion

The most frequent complications after internal fixation per-
formed through a volar approach of distal radius fractures are
tendinitis and ruptures of the flexor and extensor tendons of
the fingers at the wrist level.>'1-14

Fig. 2 Intraoperative fluoroscopic control of a osteosynthesis of distal radius fracture by a volar plate (case No. 17). (a) AP view. The most distal
ulnar screw does not cross the DRUJ. (b) Lateral view. No screws appear to cross the dorsal cortical bone of the distal radius. (c) Skyline view. The
most distal radial screw crosses the dorsal cortical bone of the distal radius. (Screw 1: the most radial screw; Screw 2: the screw radial to Lister
tubercle; Screw 3: the screw ulnar to Lister tubercle; Screw 4: the most ulnar screw). (d) Skyline view. After change of screws, the most distal radial

screw does not cross the dorsal cortical bone of the the distal radius.
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Fig. 3 Intraoperative fluoroscopic control of a osteosynthesis of distal radius fracture by a volar plate (case No. 59). (a) AP view. The most distal
ulnar screw does not cross the DRUJ. (b) Lateral view. No screws appear to cross the dorsal cortical bone of the distal radius. (c) Skyline view. The
second distal radial screw crosses the dorsal cortical bone of the distal radius. (d) Skyline view. After change of screws, the second distal radial

screw does not cross the dorsal cortical bone of the distal radius.

Intraoperatively and from the lateral radiographs, it is
difficult to identify screws protruding from the dorsal cortical
bone because the individual and combined height of the Lister
tubercle and the depth of the groove for the extensor pollicus
longus can vary between 4 and 10 mm, which makes it

difficult to detect the presence and amount of protrusion of
the distal screws." In a cadaver study on the ability of
examiners to assess whether screws placed from volar to
dorsal during distal radius plating had penetrated the dorsal
cortex of the radius by more than 2 mm, using standard

Table 1 Number of screws crossing the dorsal cortex changed during osteosynthesis of distal radius fracture with volar plate after
reading the intraoperative fluoroscopic projection/incidence on a series of 75 clinical cases

Case Screw protrusion length (mm)

(N) Screw 1 Screw 2 Screw 3 Screw 4
10 1

14 2

17 0.5

25 0.5

27 2

39 0.5 0.5
48 0.5
57 1 1
59 1

72 0.5
73 1

75 0.5 0.5

Screw 1: the most radial screw.
Screw 2: the screw radial to the Lister tubercle.
Screw 3: the screw ulnar to the Lister tubercle.
Screw 4: the most ulnar screw.
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fluoroscopic imaging, evaluators with >3 years in practice
were able to detect incorrect screw positions with 100%
sensitivity in the most radial position, 90% in the central
position, and 75% in the ulnar position. Inexperienced eval-
uators detected incorrect screw positioning with 70% sensi-
tivity in the radial position, 61% centrally, and 56% ulnarly.'®
To resolve this problem, several authors have tried to develop
new, more sensitive radiological views or new imaging
techniques. It is not possible to rely on a simple subtraction
of the height of the Lister tubercle because of its anatomical
variations on a lateral X-ray view. From a computed tomog-
raphy (CT) study, some authors have shown that the height of
the Lister tubercle ranges between 3.3 and 6.6 mm.'” Radio-
graphs in pronation and supination better detect screws
protruding the dorsal cortical bone than the standard lateral
radiographs do, but unfortunately, those are difficult to
standardize.®

Jacob proposed the skyline view to visualize the dorsal
cortex of the distal radius.” It is the opposite view to that of
the carpal tunnel, which highlights the volar aspect of the
distal radius.'®?% The carpal tunnel view is performed with
the wrist in pronation and extension. The skyline radiograph-
ic view was described in supination and flexion of the wrist. It
is also referred to as the dorsal horizon view® or the dorsal
tangential view of the wrist.'® Two skyline techniques have
been described for the wrist: one with the forearm supinated
and fluoroscope positioned vertically and aimed along the
longitudinal axis of the forearm,>® the other with the forearm
pronated and fluoroscope positioned horizontally.>'? Re-
gardless of the technique, the amount of elbow flexion and
extension should be adjusted incrementally to avoid over-
lapping of the dorsal cortical bone of the radius with the
dorsal edge of the carpal bones.”

The skyline view is the most sensitive X-ray view to detect
protrusion of screws that are inserted through a volar locking
plate past the dorsal cortical bone of the distal radius. In a
study using a sawbones model, the sensitivity of the skyline
view was 83% in detecting a screw crossing the dorsal cortical
bone by up to 1 mm, while the sensitivity using an oblique
pronation projection view was 77% and using a profile view
51%.° Two clinical studies using the skyline view showed a
change in screw length in 4 of 15 patients® and 11 of 27
patients.'? In our study the screw length was changed in 11 of
75 patients. Even if the best X-ray view is the skyline, it does
not have a sensitivity of 100%. In a clinical study of intra-
operative CT fluoroscopy, the screws were changed in 31.3%
of cases.?

The additional time associated with this technique was 6.7
minutes, and the irradiation was 19.3cGy/cm?. The dose of
ionizing radiation needed to achieve an intraoperative skyline
fluoroscopic view is on average 0.93 cGy/cm? and is negligible
compared with that of a conventional wrist radiography.®

In one study of 9 patients, ultrasound appeared to be useful
for detecting dorsal screw protrusion, but no sensitivity
analysis was performed.

Limitations of our study include the lack of direct visual
inspection or sonographic or CT confirmation of the screw
protrusion. There was no intra- or interobserver calculation,
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because the screws were changed intraoperatively based on
the opinion of the operating surgeon.
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