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Background: Intraoperative vascular injury during total hip arthroplasty represents a catastrophic
complication. Acetabular screw placement represents one possible mode of injury. The purpose of this
study was to evaluate the utility of various fluoroscopic views in the detection of intrapelvic screw
penetration.
Methods: A radiopaque pelvis Sawbones model was instrumented with a hemispherical acetabular
component. Four intrapelvic quadrants were defined. Screws were placed, 3 in each quadrant, and
imaged sequentially at 3 depths: 0 mm, 5 mm, and 10 mm penetrated. Eight fluoroscopic images
were used: anteroposterior, inlet, outlet, iliac oblique, obturator oblique, “down the wing,” obturator
outlet, and a “quad” view. Three blinded, independent surgeons evaluated the images for intrapelvic
screw penetration. Images were analyzed in isolation and as a “triple-shot series” consisting of the
“quad,” obturator outlet, and iliac oblique views. Sensitivity and specificity values were then
calculated.
Results: In isolation, the “quad” view had the highest sensitivity for screw penetration (62%). The triple-
shot series was found to be 100% sensitive in all 4 quadrants for detecting 10 mm of screw penetration.
The specificity of the series was found to be 100% in all quadrants except for the posterior superior
quadrant where it was 67%. Interobserver agreement approached perfection (Kappa �0.947) between all
surgeons (P < .001) when using the 3-view series.
Conclusions: This study is the first to assess the use of fluoroscopy in the detection of intrapelvic
penetration of transacetabular screws. We found that a 3-radiograph series provided a sensitive and
specific metric for the detection of intrapelvic screw penetration.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total hip arthroplasty (THA) is well established as one of the
most successful procedures performed inmedicine [1]. As such, it is
unsurprising that the incidence of this procedure continues to
climb [2e4]. While the complication profile of primary THA is
generally favorable, [5] the potential for both intraoperative and
postoperative complications persists. While not universally used,
surgeons range from selective to generalized usage of acetabular
screw augmentation of press-fit fixation.
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The placement of transacetabular screws is recognized to have
associated risk, and close attention must be paid to the extrapelvic
acetabular quadrant inwhich these are placed [6e9]. Amultitude of
complications have been reported with aberrant screw placement
including arterial laceration, [10] arterial pseudoaneurysm forma-
tion, [11e14] bladder injury, [15] and nerve irritation, [16] among
others [17]. Arterial injury, in particular, during THA has been re-
ported to occur in 0.08%-0.3% of cases [18e21]. In recent years, the
direct anterior approach, and its associated use of fluoroscopy, has
been popularized [22]. Fluoroscopy is useful in evaluating compo-
nent position [23,24] and may also be useful in assessing trajectory
of transacetabular screws. However, the effectiveness of intra-
operative fluoroscopy to determine acetabular screw position has
not been assessed.

Prior investigations regarding the radiographic evaluation of
acetabular screws have been limited in both the views evaluated
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and reliance on formal radiographydmaking the generalization to
intraoperative evaluation difficult [25]. Given the implications of
aberrant screw penetration and the potential for catastrophic acute
and chronic complications after THA, the diagnostic capacity of
fluoroscopy must be clarified. Therefore, the purpose of this study
was to evaluate the sensitivity and specificity of fluoroscopic
detection of intrapelvic acetabular screw penetration. We hypoth-
esized that a 3-image series would provide a sensitive and specific
measure.

Methods

Sawbones model

For the purposes of this study, a Sawbones pelvis model with
a radiopaque coating was used (Sawbones, SKU: 1301-212; A
Pacific Research Company, Vashon Island, WA). The acetabulum
of the pelvis was then divided into 4 quadrants as previously
described by Wasielewski et al. [8]. In brief, we drew a line from
the anterior superior iliac spine through the center of the ace-
tabulum and then a second line perpendicular to this first line
that intersected the first at the center of the acetabulum, as
previously described [8]. Because we were primarily interested
in the intrapelvic region of screw penetration, we translated
these well-described quadrants to the intrapelvic anatomy. In
order to do this, we first drilled a small hole through the
quadrilateral surface at the center of the acetabulum (at the
center as determined previously) to mark the intrapelvic center
of the acetabulum. We determined the corresponding intra-
pelvic quadrants by drawing a line from the anterior superior
iliac spine to the center of the acetabulum and a line perpen-
dicular to this first line. We then reamed the acetabulum as
would be performed in a standard THA. After the appropriate
size and medialization was achieved, an uncemented hemi-
spherical acetabular component (Trident II; Stryker Orthopedics,
Figure 1. Example of the triple shot series of a screw placed in the anterior-superior quadra
outlet. The photos of the model pelvis taken at the trajectory of the fluoroscopy tube to ob
Mahwah, NJ) was impacted into position using line-to-line
press-fit technique.
Experimental trials

We then drilled for and inserted screws into each quadrant in a
sequential manner. A total of 3 screws with independent trajec-
tories were placed in each quadrant. These screws were inserted
sequentially (1 per fluoroscopic trial) to facilitate easier radio-
graphic analysis. A depth gauge was used to measure ideal screw
length, and 3 screw length iterations were conducted with each
drilled screw path. For the first, the screw was placed such that the
tip of the screw was flush with the intrapelvic bony surface; the
second was placed with 5 mm of penetration; and the third was
placed with 10 mm of penetration. Penetration was measured
directly along the screw trajectory, using a ruler to confirm each
screw had penetrated the exact desired amount.

For each screw trial, 8 radiographic images were obtained. These
included the following: anteroposterior (AP), inlet, outlet, obturator
oblique, iliac oblique, “down the wing,” “quad view,” and obturator
outlet, as previously described [26]. The “down the wing” (DTW),
“quad,” and obturator outlet views are combination images
frequently used in percutaneous pelvis and acetabular fixation
procedures. In brief, the quad view provides an image looking
directly parallel to the quadrilateral surface and is useful for
detectingmedial wall penetration. This typically is a combination of
some inlet and some obturator oblique. The obturator outlet is a
standard obturator oblique but with the fluoroscopy tube tilted into
an outlet orientation. The “down thewing” viewallows the surgeon
to visualize the medial and lateral cortices of the iliac wing and is
obtained by rotating the fluoroscopy machine about the patient,
toward the side of interest with the addition of some inlet [26]. The
precise angles at which these views are obtained will vary slightly
from patient to patient (Figure 1).
nt with 10 mm of screw penetration. (a) Iliac oblique, (b) quad view, and (c) obturator
tain (d) iliac oblique, (e) quad view, and (f) obturator outlet.



Table 1
Diagnostic performance of each radiographic view by penetration depth.

Radiograph Depth Sensitivity Specificity

AP 0 - 1.00
5 0.31 -

10 0.38 -
DTW 0 - 1.00

5 0.31 -
10 0.46 -

Iliac oblique 0 - 1.00
5 0.08 -

10 0.23 -
Inlet 0 - 1.00

5 0.54 -
10 0.62 -

Obturator oblique 0 - 0.92
5 0.31 -

10 0.46 -
Obturator outlet 0 - 0.92

5 0.46 -
10 0.54 -

Outlet 0 - 0.92
5 0.38 -

10 0.46 -
Quad 0 - 0.85

5 0.62 -
10 0.62 -

AP, anteroposterior; DTW, down the wing.

Table 2
Diagnostic performancedall screw depths combined.

Radiograph Sensitivity Specificity PPV NPV

AP 0.35 1.00 1.00 0.43
DTW 0.38 1.00 1.00 0.45
Iliac Oblique 0.15 1.00 1.00 0.37
Inlet 0.58 1.00 1.00 0.54
Obturator Oblique 0.38 1.00 1.00 0.45
Obturator Outlet 0.50 0.92 0.93 0.48
Outlet 0.42 0.92 0.92 0.44
Quad 0.62 0.85 0.89 0.52

AP, anteroposterior; DTW, down the wing; PPV, positive predictive value; NPV,
negative predictive value.
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After each screw was inserted and confirmed to have reached
the desired depth of penetration, each of the aforementioned views
was obtained using a fluoroscopic machine in a standardized
fashion (C-arm fluoroscopic machine model: OEC Elite CFD; GE
Healthcare, Chicago, IL). That is, each screw trajectory was imaged a
total of 24 times (8 images at 3 different depths). Therefore, in total,
72 images were obtained of screws in each quadrant, and 288 im-
ages were obtained and analyzed in total. Each image was
numbered, and a log was kept such that a key was available
denoting the quadrant, view, and screw penetration depth of each
image.

Thereafter, 3 independent and blinded orthopedic surgeons
were asked to evaluate all 288 images as separate entities and
binarily decide whether each image screw had definitively pene-
trated the intrapelvic bone. We additionally compiled a 3-view
series of each screw (hence forth referred to as the “triple shot
series”) and asked each surgeon to again binarily analyze the screw
penetration using all 3 views in conjunction. This series consisted of
the obturator outlet, iliac oblique, and quad views (Figure 1). These
answers were tabulated categorically. Intraobserver and interob-
server reliabilities were then calculated. In rare cases of surgeon
disagreement, the surgeons undertook post hoc review of the
discrepant image together and came to a consensus conclusion, per
precedence [24]. Sensitivities, specificities, negative predictive
value, and positive predictive values were then calculated. These
were calculated for each radiographic view individually as well as
for the 3-view combination. Subgroup analysis was performed for
each quadrant. All analyses were conducted using Microsoft Excel
(Microsoft Corporation, Redmond, WA).

Results

Individual radiographic views

In isolation, no single radiographic image was particularly sen-
sitive. When considering all screws (in all 4 quadrants), the “quad”
view had the best sensitivity at 0.62 at both 5 and 10 mm of screw
penetration. The iliac oblique view was the least sensitive view
(0.08 and 0.23 at 5 and 10 mm of screw penetration, respectively).
Nearly all views were more sensitive for the detection of screw
penetration at 10 mm than at 5 mm. The quad view was the least
specific (0.85), while the AP, DTW, Iliac oblique, and inlet views all
were 100% specific (Tables 1 and 2). Interobserver reliability was
found to be high between reviewers (Kappa statistic �0.814, P <
.001).

Triple shot series

When our standardized triple shot series was analyzed as a
single metric, the sensitivity and specificity were significantly
improved. When analyzed by quadrant, the triple shot series was
found to be 100% sensitive in all but the posterior inferior (67%) and
posterior superior (86%) quadrants. At 5-mm screw penetration,
the series was 100% sensitive in the anterior quadrants, but only
33% sensitive in the posterior-inferior quadrant, and 75% sensitive
in the posterior superior quadrant. At 10-mm screw penetration,
the triple shot series was 100% sensitive and specific in all but the
posterior superior quadrant, where it was only 67% specific
(Table 3).

Discussion

Intrapelvic acetabular screw penetration during THA is known
to be potentially hazardous with serious and often immediate
associated complications [10e18]. While mispositioned acetabular
screws typically have acute or subacute implications, intrapelvic
screw penetration may also be problematic remote from the index
procedure [14]. Therefore, immediate identification of this error is
paramount. With the rising popularity of intraoperative fluoros-
copy, direct fluoroscopic confirmation of screw placement holds
promise. However, the literature regarding the optimal radio-
graphic view to detect intrapelvic screw penetration is sparse [25].

The results of this study indicate that the no single radiographic
view is particularly sensitive for intrapelvic screw penetration.
However, of the 8 studied radiographic views, the most sensitive
viewwas the “quad” view. While this view achieved 62% sensitivity
for the detection of 5 and 10 mm of screw penetration, it had the
lowest specificity of studied views at 85%. We anecdotally found
that the quad view was best, as may be anticipated, at detection of
medial wall penetration. However, this view struggled to detect
supra-pectineal screw penetration and sometimes projected
penetration on screws that were intraosseous, but with a trajectory
toward the ischial spine or greater sciatic notch. Therefore, a 3-view
series to address these weaknesses (obturator outlet, iliac oblique,
and quad views) was chosen and evaluated. This triple shot series,
in our model, was found to be 100% sensitive for 10 mm of intra-
pelvic screw penetration in all 4 acetabular quadrants. This com-
bination was also found to be 100% specific in all but the posterior
superior quadrant, where it was 66% specific. Therefore, we pro-
pose our 3-view series as a clinically applicable intraoperative



Table 3
Diagnostic performance of 3-view radiographic series.

Radiograph Sensitivity Specificity PPV NPV

Anterior inferior all 1.00 1.00 1.00 1.00
Anterior superior all 1.00 1.00 1.00 1.00
Posterior inferior all 0.67 1.00 1.00 0.60
Posterior superior all 0.86 0.67 0.86 0.67
Anterior inferior 5 1.00 1.00 1.00 1.00
Anterior superior 5 1.00 1.00 1.00 1.00
Posterior inferior 5 0.33 1.00 1.00 0.60
Posterior superior 5 0.75 0.67 0.75 0.67
Anterior inferior 10 1.00 1.00 1.00 1.00
Anterior superior 10 1.00 1.00 1.00 1.00
Posterior inferior 10 1.00 1.00 1.00 1.00
Posterior superior 10 1.00 0.67 0.75 1.00

PPV, positive predictive value; NPV, negative predictive value.
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assessment tool to detect clinically meaningful intrapelvic screw
penetration.

While many of the combination views assessed in this study are
well known in the orthopedic trauma operating room where they
are frequently used for the placement of percutaneous screws, [26]
the utility of these radiographic views has not been assessed in
arthroplasty [25]. Prior literature has focused on the characteriza-
tion of screw position before undertaking revision arthroplasty
[25,27]. These studies either focused on computer tomography
scans [27] or assessed only traditional pelvic radiographic views
(AP, inlet, outlet, judets) [25]. In addition, in one study assessing
plain film radiography, metallic acetabular components were not
used, limiting its contemporary generalizability [25]. Finally, given
the popularity of the anterior approach, [22] and the associated
increasing popularity of intraoperative fluoroscopy, fluoroscopic
evaluation (as opposed to plain film radiography) is increasingly
clinically relevant.

Given the potential implications of mispositioned acetabular
screws, we propose that our triple shot series be used intra-
operatively to confirm acetabular screw position. This series allows
for rapid detection of screw penetration into the true and false
pelvises, using the quad and obturator outlet views, respectively.
The addition of the iliac oblique view allows for the detection of
screw penetration in the greater sciatic notch and also helps
differentiate between true medial wall penetration and screws that
are simply directed toward the ischial spine. This series conse-
quently was 100% sensitive for screw penetration in all 4 intrapelvic
quadrants at 10 mm of screw penetration. Of note, in both anterior
quadrants, we also found a 100% sensitivity for the detection of
even 5 mm of screw penetration.

The acetabular quadrant system is well described, and each
quadrant contains distinct at-risk anatomical structures [8].
Wasielewski et al. have previously established that the posterior
quadrants are relatively safe when compared to the anterior
quadrants where the external iliac and obturator neurovascular
bundle are at risk in the superior and inferior quadrants, respec-
tively [8,17,28,29]. Injury to these vessels, particularly the external
iliac, are known to occur [7,9,11,17,20,21,30e36]. Other authors have
characterized the distance to danger from the acetabular surface,
and in the anterior acetabulum, this distance is nearly universally
<20 mm [28]. Similarly, in the posterior quadrants, the neuro-
vascular at-risk structures are known to be over 10 mm from the
bony surface, which is in contrast to the anterior quadrants where
the at-risk structures can be in direct contact with the bone [29].
This is important as it indicates that our 3-view series provides
adequate detection of clinically relevant screw penetration (�5mm
in the anterior quadrants and �10 mm in the posterior quadrants).
It should be noted that standard views, particularly an AP pelvis, do
not provide the same benefit.
While this study provides novel information and is of clinical
utility, there are some limitations which must be considered. First,
we chose to use a radiopaque Sawbones model. While the use of
Sawbones in orthopedic research is well established, [37,38] the
degree to which our results are reproducible in vivo where pelvic
morphology may vary cannot be definitively determined. In addi-
tion, we used a hemispherical acetabular component and did not
test other acetabular component designs, nor more complex
reconstruction options. Similarly, the component position in our
study was consistent (45 degrees abduction and 15 degrees ante-
version), and it is possible that variably positioned acetabular
components may have implications regarding the sensitivity of
some radiographic views. However, this effect is anticipated to be
minimal. Finally, whilewe imaged our pelvis model on an operating
room table, this clearly represents ideal imaging conditions given
the lack of soft tissue overlying the bony pelvis. The implications of
this are, again, unknown. However, given the quality of images
obtained by contemporary fluoroscopy machines, this, too, is
anticipated to have little effect on our results.

Conclusions

In conclusion, standard radiographic views of the pelvis (AP,
inlet, outlet, judet views) have low sensitivity for the detection of
intrapelvic screw penetrationdeven at 1 cm of screw penetration.
We found that the most sensitive view for screw penetration was
the quad view, although this achieved a sensitivity of only 62% in
isolation. The most important finding of this study is that a 3-view
series of radiographic imagesdobturator outlet, quad view, and an
iliac obliquedis 100% sensitive for the detection of intrapelvic
screw penetration at 5 mm in the anterior quadrants and at 10 mm
in the posterior quadrants. Therefore, we propose that these images
be obtained when placing transacetabular screws to confirm screw
position and rule out intrapelvic screw penetration intra-
operatively. The anticipated negligible additional operative time
added with our reliable and repeatable protocol alleviates the un-
certainty and unactionable nature of postoperative radiography.
Therefore, this can help minimize screw misposition and poten-
tially prevent devastating complications.
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