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Abstract

Background Articular screw penetration is one of the most common hardware-related problems after scaphoid
fracture fixation, occurring in up to two-thirds of patients, in particular into the scaphotrapezotrapezoidal (STT) joint.
The aim of this study was to investigate whether this clinically important issue could be detected using standard
anteroposterior (AP) and lateral, as well as additional nonstandard fluoroscopic views using direct open visualization
with magnifying loupes as reference standard.

Materials and methods Ten fresh cadaver wrists were used for this imaging study. A 2.2 mm cannulated compres-
sion screws with a length of 24 mm was placed in the scaphoid and incrementally left to protrude at the STT joint
up to 2 mm. Eight fluoroscopic views of the wrist were then obtained by rotating the forearm using goniometric
measurements, keeping the image beam parallel to the floor: (1) anteroposterior with the wrist in neutral rotation, (2)
anteroposterior with the wrist in ulnar deviation, (3) supinated oblique 60° from neutral (60° supinated oblique), (4)
supinated oblique 45° from neutral (45° supinated oblique), (5) a true lateral, (6) a true lateral with the wrist in radial
deviation, (7) pronated oblique 45° from neutral (45° pronated oblique), and (8) a pronated oblique 60° from neutral
(60° pronated oblique).

Results Standard anteroposterior and lateral fluoroscopy views (radiographically calibrated) of a percutaneous
cannulated screw fixation of a scaphoid fracture were insufficient to detect distal articular penetration, missing half
the amount of screw penetrations in the current study. The 45° pronated oblique view was found as the most sensi-
tive in detecting STT penetration (p <0.0001).

Conclusions Standard anteroposterior and lateral fluoroscopy views of a percutaneous cannulated screw fixation

of a scaphoid waist fracture are insufficient to detect STT screw penetration. According to the current study, standard
views would have missed half the amount of screw penetrations, which seems to reflect the high incidence of this
problem in current practice. The most sensitive view was the 45° pronated oblique view, which detected STT screw
penetration in all cases.

Level of Evidence Not applicable.
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Introduction

Problems related to hardware are likely the most com-
mon complication of scaphoid fracture fixation and
remain either underreported or underemphasized, with
highly heterogeneous rates across the literature [1-3].
Likely due to an increasing trend toward percutaneous
retrograde cannulated screw fixation of scaphoid frac-
tures, articular screw penetration seems to be the most
common problem, in particular at the scaphotrapezi-
otrapezoidal (STT) joint (Fig. 1). In the largest scaph-
oid fracture fixation trial to date (SWIFFT Trial), screw
penetration was identified in 93 (65%) of 142 patients [2].
In a meta-analysis comparing operative versus conserva-
tive treatment for nondisplaced scaphoid waist fractures,
STT osteoarthritis developed in 40% of patients after sur-
gery as compared with 10% of patients after cast immobi-
lization [4].

A previous cadaveric study focused only on screw pen-
etration of the proximal scaphoid articular surface and
found that the semi-pronated (60°) oblique view was the
most important fluoroscopic image to obtain [5]. How-
ever, data from the SWIFFT trial showed that the distal
articular surface is at higher risk, with screw penetration
occurring in 60-66.7% of patients, with a mean penetra-
tion of 1.7 mm at the STT joint [6]. No study has yet eval-
uated which fluoroscopic view is the most sensitive for
the more prevalent distal articular (STT) scaphoid screw
penetration.

The aim of this study was to investigate whether this
overly common and clinically important issue could be
detected using standard anteroposterior (AP) and lat-
eral, as well as additional nonstandard fluoroscopic views
using direct open visualization with magnifying loupes as
reference standard, to prevent distal articular screw pen-
etration, delayed union, and symptomatic STT arthritis.
As a secondary aim, the addition role of the 45° semi-
pronation view (versus a previously demonstrated 60°
semi-pronation view) is studied.

Materials and methods

Ten fresh cadaver wrists were used for this imaging study.
There were no visible wrist scars to be noted on any of
the cadavers and no radiographic signs of STT arthri-
tis. A mini-open incision with capsulotomy were per-
formed at the STT joint to expose the entry point of the
screw at the volar scaphoid tubercle. A 2.2 mm cannu-
lated compression screws (Medartis SpeedTip®) with a
length of 24 mm was advanced over a pre-drilled K-wire
in the scaphoid along its longitudinal axis. The screw was
placed under direct vision until it was flush with the sub-
chondral bone and its position confirmed fluoroscopi-
cally with an image intensifier (OEC Elite MiniView, GE
Hualun Medical Systems, Co. Ltd). Eight fluoroscopic
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views of the wrist were then obtained by rotating the
forearm using goniometric measurements, keeping the
image beam parallel to the floor: (1) anteroposterior with
the wrist in neutral rotation, (2) anteroposterior with the
wrist in ulnar deviation, (3) supinated oblique 60° from
neutral (60° supinated oblique), (4) supinated oblique 45°
from neutral (45° supinated oblique), (5) a true lateral, (6)
a true lateral with the wrist in radial deviation, (7) pro-
nated oblique 45° from neutral (45° pronated oblique),
and (8) a pronated oblique 60° from neutral (60° pronated
oblique).

In the first part of the study—according to a published
study protocol [5]—the screw was then reversed to visu-
ally protrude distally from the articular surface in 0.5 mm
increments up to 2 mm, measured with a caliper from
the radial side of the screw, and all views were repeated
(Fig. 2). At each 0.5 mm increment, visual inspection
using magnifying loupes of the STT joint was performed
to assess for distal articular screw penetration, and all
fluoroscopic views were evaluated to determine whether
cortical protrusion could be detected. The study was
completed once cortical protrusion was detected on a
single fluoroscopic view.

In the second part of the study, all screws were reversed
so as to allow visual protrusion distally of 2 mm, meas-
ured with a caliper from the radial side of the screw
visualized with magnifying loupes, and all views were
repeated (Fig. 2). Calibrated measurements were per-
formed by an independent musculoskeletal radiolo-
gist using a metal sphere measuring 10 mm in diameter
present on each fluoroscopic view (OsiriX open-source
software) and the average measurements of screw pen-
etration were recorded for each view.

A Cochran’s Q-test using the SPSS package for data
analysis (version 26.0, IBM, Armonk, NY) was run to
determine whether the direction of the radiograph (using
the eight different views) had an effect on the determi-
nation of articular penetration. A Kruskal-Wallis test
for nonparametric continuous variables was used for
comparison of the amount of screw penetration between
different fluoroscopic views. The level of statistical signif-
icance was set at the 0.05 level (two sided).

Results

With a screw penetrating 0.5 mm at the distal articu-
lar surface, standard anteroposterior with the wrist in
neutral rotation and true lateral views only identified
penetration in 2 and 3 out of the 10 cadaveric wrists,
respectively. The 45° pronated oblique view was found as
the most sensitive in detecting distal articular penetra-
tion (p<0.0001), identifying screws penetrating 0.5 mm
in 8 out of 10 wrists, and in all wrists following the proto-
col with increments up to 1.5 mm (Table 1). The average
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Fig. 1 A Standard anteroposterior and lateral fluoroscopy views of a percutaneous cannulated screw fixation of a scaphoid waist fracture showing
minimal STT screw penetration. B Postoperative semi-pronated radiograph showing significant distal articular screw penetration and absence
of screw thread purchase in the distal fragment. C Another example of significant distal articular screw penetration with subsequent delayed union
of a scaphoid waist fracture
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Fig. 2 Eight fluoroscopic views: (1) anteroposterior with the wrist in neutral rotation, (2) anteroposterior with the wrist in ulnar deviation, (3) 60°
supinated oblique, (4) 45° supinated oblique, (5) a true lateral, (6) a true lateral with the wrist in radial deviation, (7) 45° pronated oblique, and (8) 60°

pronated oblique view

Table 1 Measurements of the eight fluoroscopic views

Fluoroscopic view Number of penetrating Average
distance
measured

Screws detected (n=10) With 2 mm
penetration
(mm)

Anteroposterior with the wrist in neutral rotation 2 0.2

Anteroposterior with the wrist in ulnar deviation 1 0.2

Supinated oblique 60° from neutral 0 0

Supinated oblique 45° from neutral 0 0

True lateral 5 0.7

True lateral with the wrist in radial deviation 8 19

Pronated oblique 45° from neutral 10* 2.1#

Pronated oblique 60° from neutral 7 16

# Significant p <0.0001

minimal amount of screw penetration required to be
detected on the most sensitive fluoroscopic view—the
45° pronated oblique view—was 0.65 + 0.5 mm.

In the second part of the study, screws that were visu-
ally measured to protrude distally by 2 mm were radio-
graphically measurable on all but both semi-supinated
views (Table 1). The 45° pronated oblique view had the
longest measurable screw protrusion (2.1 mm, p <0.0001)

followed by the true lateral view with the wrist held in
radial deviation (1.9 mm) and the 60° pronated oblique
view (1.6 mm).

Discussion

Screw protrusion is likely the most common surgical
complication after scaphoid fracture fixation [2]. In the
SWIFFT trial, the screw penetrated joints in far more
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patients than anticipated: in half of cases, the screw pro-
truded 1-2 mm into the joint and in a quarter there was
significant protrusion of over 2 mm. The concern about
such screw protrusion is irreversible injury to the articu-
lar cartilage, leading to early degenerative arthritis in the
involved joint. In most participants, screw penetration
was identified on a postoperative computed tomography
(CT) scan at 1 year follow-up. These findings emphasize
the need for careful imaging during surgery.

As opposed to volar (mini-)open approaches, percu-
taneous retrograde scaphoid screw fixation not only
presents potential problems at the proximal pole [7] but
more prevalently at the distal articular surface with con-
sequent symptomatology and secondary surgery [2, 6].
In the SWIFFT trial, eight (4%) of 219 patients under-
went reoperation to remove prominent screws. Based on
postoperative CT scans of operated patients, the most
common localization of screw penetration was the STT
joint (60.0-66.7%), followed by the radioscaphoid joint
(44.4-55.0%) and scapholunate or scaphocapitate joint
(0-23.8%) [2, 6]. The maximum screw protrusion was, on
average, 1.7 mm (range 0.4—4.7 mm).

Another study on screw fixation of scaphoid fractures
showed that in four of eight patients with scaphotrape-
zial joint space narrowing, osteoarthritic changes were
related to attrition from prominence of the screw [8].
However, screw prominence and the presence of lucency
around it was not predictive of an increased pain score,
nor were the presence of osteoarthritis in the radioscaph-
oid, scaphotrapezial, or scapholunate joints.

At 12 years follow-up, Saedén et al. reported an inci-
dence of STT osteoarthritis of 61% (14 of 23) follow-
ing scaphoid fracture fixation, and only 25% (4 of 16,
p=0.049) after nonoperative treatment and suggested
this difference resulted from possible iatrogenic STT
injury [9]. Six of these patients reported symptoms
affecting their work or leisure activities. Five other
patients complained of symptoms but showed no radio-
logical signs of STT osteoarthritis. Consistently, radio-
logical signs of scaphotrapezial arthritis were not related
to symptoms.

According to our results, standard anteroposterior
and lateral fluoroscopy views of a percutaneous can-
nulated screw fixation of a scaphoid fracture are insuffi-
cient to detect STT penetration. The fact that standard
views missed half the amount of screw penetrations in
the current study seems to reflect the high incidence of
this problem in current practice [2, 6]. On standard AP
and lateral fluoroscopic views, screws protruding distally
by 2 mm radiographically seem to protrude less than a
millimeter on average, as overprojecting scaphoid tuber-
cle contours obscure hardware, hindering interpreta-
tion. Missing articular penetration of hardware on two
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perpendicular views of a three-dimensional hemisphere
(such as the scaphoid tubercle) is a common issue in
orthopedic surgery, reported by multiple authors in the
past for femoral head pin placements [10].

The current study was designed using a pragmatic
setup simulating a real operative scaphoid fracture fixa-
tion while evaluating the effectiveness of common intra-
operative fluoroscopic views in detecting articular screw
penetration with open measurement through direct visu-
alization as reference standard. Computed tomography
was out of the scope of this study as it is neither com-
monly used during scaphoid fracture surgery, nor con-
sidered a reference standard for articular penetration
(cartilage not being imaged).

This importance of the semi-pronated scaphoid view is
consistent with the findings of Kim et al. that proximal
screw penetration was best visualized on a 60° pronated
oblique view [5]. However, the 45° pronated oblique view
was not tested separately in their study so we cannot con-
firm that this one view is equally effective for both forms
of penetration. In our study, pronating the scaphoid 15°
further past the true semi-(45°)pronation slightly reduced
the sensitivity of detecting STT screw penetration. This
practical 45° view was studied for its higher intraopera-
tive feasibility in daily practice, i.e., in the operative set-
ting without a goniometer it is easier to estimate the
angle halfway between 0° and 90° of pronation. For the
same pragmatic reason, no combination of deviation and
pronosupination was used, as reliability and feasibility of
such views may be limited.

Consistent with their findings, small amounts of screw
penetration (0.5 mm) were not always detected on fluor-
oscopic views as in two of out ten cases it remained uni-
dentified on all views, and with 1 mm of penetration in
one out of ten cases. Larger amounts of distal articular
screw penetration 1.5-2 mm were detected in all cases
with at least the 45° pronated oblique view. In contrast
to their study assessing proximal articular screw penetra-
tion, no Steinmann pins were used in the present study.
The choice for a standardized 24 mm cannulated screw
was based on the aim to simulate a real surgical screw
fixation as closely as possible.

One way to improve distal screw visualization on a true
lateral wrist view is to radially deviation the wrist thereby
flexing the scaphoid that displaces the screw head volarly
and away from the trapezium. The 45° pronated oblique
view was the most sensitive view for this purpose, detect-
ing all of the up to 1.5 mm penetrating screws as well as
providing the longest radiographically measurable screw
penetration.

Another potential solution has been advocated by
Patel et al. to use shorter screws as in their biomechani-
cal study in 18 cadaveric scaphoids, in which maximizing
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screw length did not provide superior fixation [11]. They
found no significant difference in ultimate failure load of
a simulated scaphoid fracture by an oblique osteotomy
between an 18 mm and 24 mm screw. However, their
suggestion for shorter screws will not resolve the prob-
lem of insufficient screw advancement leading to screw
head prominence.

The findings of the present study should be interpreted
in light of its limitations inherent to a cadaveric setting,
which may not perfectly reflect a clinical setting in the
operating room, although in our experience it was an
optimal simulation of reality. First, we focused only on
STT screw penetration as it seems to be the most com-
mon contemporary problem related to hardware, and the
fact that data on proximal screw penetration have not yet
been published. Second, radiographic penetration past
the outer cortical line likely overestimates true articular
penetration as scaphoid cartilage thickness is estimated
to be up to 1 mm in cadaveric wrists on the distal tuber-
cle at the STT joint. This could in part explain the fact
that on the 45° pronated oblique view the average pro-
trusion was larger by 0.1 mm than measured by caliper,
although the inherent imprecision to the latter meth-
odology as well as differentiating increments of 0.5 mm
should be taken in account. Alternative advanced imag-
ing techniques would also have had inherent limitations
such as the difficulty of discerning cartilage on CT and
metal-induced artifacts on magnetic resonance imaging
(MRI). Third, the combination of pronation and radial
or ulnar deviation is difficult in specimens, but this is a
variable that would be interesting to study for clinical
application.

Even in case of minimal and clinically nonvisible screw
penetration (Fig. 1B) of less than a millimeter, radio-
graphic evaluation does not overestimate the loss of
potential compression and stabilization forces of the
screw as any screw thread purchasing merely the carti-
lage has significantly less holding strength compared with
cortical bone. So the problem of protruding screws is
twofold: less compression and stabilization, with a higher
risk of symptomatology, secondary screw removal, and
STT arthritis due to attrition of the screw in the long
term [2, 4, 6]. This emphasizes its caution during surgery
as it is an easily preventable problem.

In conclusion, standard anteroposterior and lateral
fluoroscopy views of a percutaneous cannulated screw
fixation of a scaphoid waist fracture are insufficient to
detect STT screw penetration. According to the current
study, standard views would have missed half the amount
of screw penetrations, which seems to reflect the high
incidence of this problem in current practice. The most
sensitive view was the 45° pronated oblique view, which
detected STT screw penetration in all cases.
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