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Background: The direct anterior approach (DAA) for total hip arthroplasty (THA) has gained recent
popularity, with 1 purported benefit being access to intraoperative fluoroscopy. However, there are
limited data demonstrating improved component position with the use of intraoperative fluoroscopy.
The aim of this study is to compare radiographic implant positioning on 2 consecutive cohorts of patients
undergoing DAA THA performed by 1 surgeon either utilizing intraoperative fluoroscopy or not. We
hypothesized that there would be no relevant radiographic differences between the cohorts.
Methods: Forty-two consecutive patients underwent DAA THA utilizing fluoroscopy (IFC), and 42
consecutive patients then underwent DAA THA without fluoroscopy (NFC). Using preoperative pelvis
radiographs and 6-week postoperative pelvis radiographs, acetabular anteversion, inclination, femoral
offset, and templated component sizes vs final intraoperatively selected sizes were recorded and
compared between cohorts.
Results: Acetabular inclination was 45.0� for IFC and 45.6� for NFC (P ¼ .629). Femoral offset difference
preoperatively and postoperatively was 0.8 mm for IFC and 1.3 mm for NFC (P ¼ .734). Number of hips
within the so-called safe zone was 32 for IFC and 33 for NFC (P ¼ .794). These all demonstrated no
significant difference between the cohorts. However, acetabular anteversion was 13.7� for IFC and 11.2�

for NFC (P ¼ .02).
Conclusions: In this limited series, the routine use of intraoperative fluoroscopy did not improve implant
positioning or sizing. This may be surgeon-specific or due to the result of the use of acetabular landmarks
to guide placement of the components without fluoroscopy.
© 2019 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

The direct anterior approach (DAA) for total hip arthroplasty
(THA) has enjoyed a recent increase in popularity [1-3]. Proponents
note a number of purported benefits of the approach, including a
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modest early recovery advantage [4], low dislocation rate [5], and
favorable radiographic component placement parameters [6]. One
of the proposed technical advantages is that this approach is typi-
cally performed in the supine position, facilitating easy access to
fluoroscopy, which theoretically can minimize errors in component
placement and sizing to aid in re-establishing optimal hip
biomechanics.

Fluoroscopy is routinely used during DAA THA to obtain the
ideal anteversion and inclination of the acetabular component in
particular [7-9]. However, fluoroscopy is not without some cost,
including extraoperative time to obtain the images, as well as some
concern that the sterile covering of the fluoroscopy arm may
become contaminated during an operation [10-12]. It is also
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somewhat operator dependent, and if not employed correctly, can
actually be misleading in case of some morphological variants or
with differences in pelvic and/or fluoroscopy arm positioning,
paradoxically leading to component malposition [13]. There are
also conflicting data regarding exposure to radiation during the
operation, though most investigations have not shown this to be of
high concern [14-16].

Component placement is of paramount concern for successful
THA, with much attention paid in particular to ideal acetabular
component positioning. Optimal positioning of prosthetic compo-
nents is necessary to successfully achieve the goals of THA,
including re-establishment of femoral offset [2,17], restoration of
hip biomechanics [18,19], improvement in postoperative stability
[20,21], reduction in bearing wear [20,22], and reproduction of
appropriate leg lengths [19,23]. In an attempt to optimize compo-
nent positioning, a number of techniques have been developed,
including the utilization of newer technology, such as robotics,
computer navigation, and patient-specific positioning systems [24-
28].

Controversy persists, however, over the ideal position to place
components in THA. Historically, the so-called “safe-zone” has been
promoted [29] as the ideal target for acetabular components so as
to minimize postoperative instability. Although this has prevailed
as a paradigm for many surgeons, recent work has brought this
concept into question [30], with the realization that dislocation is
more complex than only accounting for acetabular component
angulation parameters [31]. Nonetheless, this so-called “safe-zone”
remains the primary target for contemporary total hip
replacement.

Advocates of the DAA THA tout the approach’s allowance of
more anatomic placement of the components compared to alter-
native approaches [9,32]. In theory, this can allow the surgery to
potentially be done more in reference to the patients’ native
anatomic landmarks, creating the possibility to obviate the need for
radiography during the operation. Although some investigations
have been performed to investigate the utility of intraoperative
fluoroscopy with DAA THA, no clear consensus has emerged. The
purpose of the present study is to help evaluate whether there are
differences in component position of THA performed via the DAA
by 1 experienced surgeon (C.C.Y.) as determined by postoperative
radiographs with or without the use of intraoperative fluoroscopy.
The primary goal of this study is to compare the acetabular incli-
nation and anteversion of components placed with andwithout the
use of intraoperative fluoroscopic guidance. Secondary outcomes
included femoral offset as well as differences between preopera-
tively planned templated sizes with intraoperatively selected
component sizes. We hypothesized that there would be no signif-
icant difference with or without fluoroscopy use in any of these
parameters.

Material and methods

Our institutional review board approved the study prior to its
initiation. A power analysis was completed using acetabular incli-
nation and anteversion as the primary endpoints in question. Using
Table 1
Descriptive analysis of patient demographics.

Fluoroscopy group (N ¼ 42)

Age 65.2 ± 9.9
Gender (%) Male: 21 (50)

Female: 21 (50)
BMI 25.3 ± 3.7
Dorr type (%) A: 30 (71.4)

B: 12 (28.6)
a power of 0.9 and published data [9] we concluded that to detect a
difference in anteversion of 4� or inclination of 4�, wewould need a
sample size of at least 27 in each cohort. We therefore planned to
include approximately 40 patients to allow for a generous dropout
rate to ensure enough power to detect primary endpoint differ-
ences. Secondary endpoints included safe zone distribution,
femoral offset differences, and differences in templated vs actual
sizes for acetabular and femoral sizes.

All surgeries were performed by the senior author utilizing a
DAA for THA on a regular operating room table utilizing identical
components for all patients (Corail total hip stem, Pinnacle
acetabular component; DePuy, J&J, Warsaw, IN). The initial cohort
consisted of 42 consecutive patients whose surgeries were per-
formed with the use of intraoperative fluoroscopy (IFC) to aid in
component positioning. The experimental cohort consisted of the
next 42 consecutive patients undergoing DAA THA, and who un-
derwent surgery without the aid of intraoperative fluoroscopic
guidance (NFC) of component positioning. No patients underwent
formal radiographs taken while in the hospital. Patient de-
mographic information was captured from the electronic medical
record, noting patients’ age, sex, body mass index (BMI), and
proximal femur morphology as described by Dorr et al. [33].
Radiographic parameters were calculated using Hip Analysis Soft-
ware (Martell Hip Analysis Suite, Chicago, IL) utilizing their 6-week
postoperative weight-bearing pelvis radiographs. Specific radio-
graphic parameters that were considered included acetabular
component inclination and anteversion, as well as femoral offset
preoperatively and postoperatively, compared on pelvis radio-
graphs. Femoral offset was defined as a horizontal distance mea-
surement from the center of the femoral head to a proximal
extension of the femoral shaft axis. Additionally, when available,
we recorded preoperatively templated sizes of femoral and
acetabular components as well as actual implanted sizes as recor-
ded in the relevant operative notes. With regards to demographic
data, student's t-test was employed to determine differences in
continuous variables (eg, age, BMI), while the chi-squared test for
association was used to test for differences in categorical variables
(eg, gender, Dorr proximal femoral morphology). Student’s t-test
was used to analyze differences between acetabular inclination,
anteversion, as well as femoral offset preoperatively and post-
operatively. Chi-squared test for association was used to determine
if there were differences in the distribution of which acetabular
components were present within the “safe zone,” as well as dif-
ferences in templated sizes of acetabular and femoral components.

Results

Demographic data of the 2 cohorts are found in Table 1. No
significant differences existed between the cohorts in terms of age,
gender, BMI, or Dorr classification of proximal femoral morphology
[33].

Radiographic parameters were also calculated, including
acetabular component inclination angle and acetabular component
anteversion angle, which, together, were used to calculate whether
the components fell within the so-called “safe zone” [29]. The
No fluoroscopy group (N ¼ 42) P value

62.7 ± 8.2 .223
Male: 17 (40.5) .380
Female: 25 (59.5)
26.0 ± 4.8 .437
A: 31 (73.8) .807
B: 11 (26.2)



Figure 1. Graphical depiction of acetabular inclination and anteversion, as well as grid
demonstrating location of Lewinnek “safe zone.”
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average inclination angle for the acetabular component in IFC was
45� ± 6.5� and in NFC was 46� ± 5.1� (P ¼ .629). The anteversion of
the acetabular components was found to be 13.6� ± 5.3� in IFC and
11.2� ± 4.2� in NFC (P ¼ .02). The number of hips falling within the
so-called “safe zone” was 32 (76.2%) in IFC, leaving 10 (23.8%)
outside the safe zone. In NFC, there were 33 hips (78.6%) within the
safe zone, and 9 (21.4%) outside the safe zone (P ¼ .794). The table
format for these data is found in Table 2, while the graphical
depiction of the acetabular components is found in Figure 1.

The 2 groups were also analyzed regarding differences in
femoral offset, and ability to re-establish the preoperative mea-
sures. Comparing the 2 groups, the preoperative femoral offset
measured in millimeters was 48.1 ± 5.6 in IFC and 47.4 ± 5.9 in NFC.
Postoperatively, it was 48.8 ± 5.3 and 48.7 ± 6.7 mm, respectively.
The difference in preoperative and postoperative femoral offset was
0.8 ± 5.3 mm in IFC and 1.3 ± 6.8 mm in NFC (P ¼ .734), indicating
no difference in change in offset between the 2 cohorts. These data
are found in Table 3.

The senior author (C.C.Y.) routinely preoperatively templates
total hips with the aid of digital templating software (OrthoView,
Leuven, Belgium). All preoperative radiographs included a stan-
dardized marker ball for calibration. The preoperative templated
sizes were reviewed and compared to the operative notes for all
available patients in both cohorts. There were 4 patients in the NFC
and 4 in the IFC for whom preoperative templated sizes were un-
available, leaving 38 remaining in each cohort available for review.
In IFC, the templated femoral stem size was used in surgery 18
(47.4%) times, a size larger in 3 (7.9%) of cases, and a smaller size in
17 (44.7%) of cases. For NFC, the templated femoral stem size was
used in 16 (42.1%) cases, a larger size in 1 (2.6%) case and a smaller
size in 21 (55.3%) cases (P ¼ .452), indicating no difference in dis-
tribution of femoral stem sizes from the preoperative template
between cohorts. For acetabular cup sizes in IFC, the templated size
was used in 12 (31.6%) cases, a larger size in 2 (5.3%) cases and a
smaller size in 24 (63.1%) cases. For NFC, the templated size was
used in 12 (31.6%) cases, a larger size in 5 (13.2%) cases and a smaller
size in 21 (55.2%) cases (P ¼ .466), indicating no difference in dis-
tribution of acetabular cup sizes from the preoperative template
between the cohorts. These data regarding planned vs actual
component sizes are found in Table 4.
Discussion

The question of whether to use fluoroscopy during THA has
been broached in the literature previously. Beamer et al. [34] used a
similar 2-consecutive cohort study design to look at the influence
fluoroscopy had on radiographic parameters, with particular
attention to the Lewinnek safe zone. In their series of similar
number of patients, they found a nonstatistical increase in the
percentage of patients within the safe zone parameters in the
fluoroscopy cohort compared with the freehand technique. Their
series included 2 surgeons, however, and this may have increased
Table 2
Acetabular inclination and anteversion angles and inclusion within Lewinnek “safe
zone.”

Intraoperative
fluoroscopy cohort
(N ¼ 42)

No fluoroscopy
cohort (N ¼ 42)

P value

Inclination angle 45.0 ± 6.5 45.6 ± 5.1 .629
Anteversion angle 13.7 ± 5.3 11.2 ± 4.2 .020
Within “safe zone” 32 (76.2%) 33 (78.6%) .794
Outside “safe zone” 10 (23.8%) 9 (21.4%)

Bolded value indicates the P value reached statistical significance (P < .05).
variability between their respective patients. Additionally, their
series were done through a variety of surgical approaches (ante-
rolateral, posterolateral, and extended iliofemoral), further diluting
the uniformity of their cohort. Finally, their patients were placed in
the lateral decubitus position, which, in our opinion, is less
amenable to fluoroscopy use than placement in the supine position.

In another radiographic analysis, Lin et al. [6] reviewed
consecutive cohorts of first posterior approach THAs followed by a
series of a similar number of DAA THA patients. Postoperative ra-
diographs were reviewed for acceptability according to established
acetabular “safe zone” parameters as well as leg lengths and
femoral offset. Their results indicated that compared to the poste-
rior approach, the DAA THA had a higher rate of what was deemed
radiographically acceptable acetabular inclination. However, there
was no difference between anteversion, leg lengths, or offset pa-
rameters. The authors note that they employed fluoroscopy during
all DAA THAs. The authors domake note that there may be different
safe zones for different approaches, or that the “safe zone” may be
“safer’ for certain approaches over others. Also of interest in their
series, BMI was different between the differing approach cohorts.

Tischler et al. [35] reviewed 2 cohorts of patients undergoing
primary THA with or without the use of fluoroscopy. They inves-
tigated the radiographic parameters of leg length discrepancy
(LLD), femoral offset, and acetabular inclination angle. Secondarily,
they reviewed the rate of complications following the surgery as
well. The main difference they found was in terms of the operative
time, with fluoroscopy adding additional time compared to
without. No differences in the radiographic parameters were found.
As distinguished from the current study, their operative approach
was the modified Hardinge approach in the supine position.
Additionally, their cohorts involved multiple surgeons, and did not
include acetabular anteversion.

Rathod et al. [9] performed a radiographic investigation of fluoro
vs no-fluoro THA groups. They examined 372 posterior THAs with
Table 3
Comparison of cohort preoperative and postoperative femoral offset, measured in
millimeters.

Intraoperative
fluoroscopy
cohort (N ¼ 41)

No fluoroscopy
cohort (N ¼ 42)

P value

Preoperative femoral offset 48.1 ± 5.6 47.4 ± 5.9 .579
Postoperative femoral offset 48.8 ± 5.3 48.7 ± 6.7 .912
Difference between postoperative

and preoperative femoral offset
0.8 ± 5.3 1.3 ± 6.8 .734



Table 4
Comparison of cohorts preoperatively and intraoperatively selected component
sizes.

Intraoperative
fluoroscopy cohort
(N ¼ 38)

No fluoroscopy
cohort (N ¼ 38)

P value

Same femoral size 18 (47.4%) 16 (42.1%) .452
Increase in femoral size 3 (7.9) 1 (2.6)
Decrease in femoral size 17 (44.7) 21 (55.3)
Same acetabular size 12 (31.6) 12 (31.6) .466
Increase in acetabular size 2 (5.3) 5 (13.2)
Decrease in acetabular size 24 (63.1) 21 (55.2)
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453 DAA THAs with fluoroscopy in terms of acetabular inclination
and anteversion. They found that the DAA group with fluoroscopy
had decreased variance in terms of acetabular inclination and
anteversion. Additionally, they found that they were more likely to
have the acetabular radiographic parameters fall into what they
determined were desirable ranges with the DAAwith fluoro cohort
than in the posterior cohort. They were unable to determine if the
improved radiographic parameters were owed to the approach or
the use of fluoroscopy.

Bingham et al. [36] performed a recent investigation of 2 cohorts
of patients undergoing THA via the DAA. They retrospectively
reviewed radiographs for 3 primary parameters: LLD, acetabular
inclination, and acetabular anteversion. There were approximately
equal patients between the 2 cohorts, with 125 in the fluoro group
and 140 in the no-fluoro group. No differences were detected in LLD
or acetabular radiographic parameters. From a methodological
standpoint, there were 2 key differences in this study’s cohorts: (1)
the 2 cohorts were performed by 2 different surgeons and (2) the
fluoro cohort was performed on a specialized fracture table and the
no-fluoro cohort on a standard table. These methodological dif-
ferences between cohorts may limit their equivalency. The ante-
version measurements were made via a cross-through lateral
radiograph, and they did not include femoral offset measurements,
which distinguishes their study from the current investigation.

Finally, Jennings et al. [37] compared a series of 2 cohorts of DAA
THA patients either using fluoroscopy (n ¼ 98) or no fluoroscopy
(n ¼ 101). They reviewed the cohorts retrospectively for radio-
graphic parameters looking at their 6-month postoperative films.
Their primary radiographic endpoints were acetabular inclination
and acetabular anteversion. They found that with the use of fluo-
roscopy, there was a difference in acetabular inclination, but none
in the acetabular anteversion. Additionally, they found a higher
percentage of patients within the “safe zone” with the use of
fluoroscopy than those without (80% vs 63%). Their patients were
historical, retrospective cohorts, but were performed by a single
experienced surgeon.

Our study, like others of its kind in the literature, is not without
limitations. First, and most apparently, is the relatively small
numbers. Although similar in scope to some other studies, the
number of patients in our investigation is rather modest. We
selected our numbers based on a power calculation, but it is
possible that given larger numbers, different conclusions might
have been reached. Our cohorts were also taken sequentially, and
not randomized, and therefore it is theoretically possible that
relevant differences exist between them. Additionally, as a radio-
graphic parameter investigation, our study takes no note of clinical
outcomes. Anecdotally, neither cohort has had a dislocation nor
other major complication in the short term, but the study is limited
by its methodology in distinguishing longer term outcomes. Any
differences or similarities in the cohorts remain in the realm of
radiographic findings, as we do not have mid- or long-term follow-
up for these patients yet, and as such, is a limitation to overall
conclusions about the use of fluoroscopy in general. Additionally,
there could be slight variations in our radiographs obtained.
Obtaining pelvis radiographs is standardized at our institution to
center the pubic symphysis over the coccyx and to obtain them
standing with a marker ball. However, in spite of this, there could
be slight differences in rotation between radiographs, giving some
variability in our radiographic measurements. Finally, both cohorts
demonstrated a similar distribution of change in size from tem-
plated to actual size used (Table 4), with an approximately equal
number of patients in each cohort receiving similar vs decrease in
templated size of femoral stem. There was a trend toward smaller
sizes used compared to templated sizes. On radiographic follow-up
there were no failures of the femoral components in the short term,
and all components were thought to be of appropriate size during
postoperative clinical follow-up. The particular trend toward using
smaller than templated femoral sizes may be an idiosyncrasy
unique to our institution’s method of placement of the calibration
marker on preoperative radiographs. We hypothesize this due to
the similar distribution of decrease in size of templated vs actual
acetabular cup size, and the fact that the 2 cohorts were similar in
this regard, indicating fluoroscopy was not causing a change in
actual size of components used. Therefore, the particular trend of
smaller than templated sizes was found in our study, but that exact
finding might not be generalizable to other institutions.

We believe that the present study is of value to the existing
literature. The DAA THA has gained significant footing in recent
years, and it is currently experiencing refinement in terms of the
best way to implement its use. Some have touted the ease of
implementing the use of fluoroscopy as a potential benefit of the
approach. Our results here indicate that there does seem to be a
greater degree of anteversionwith this approach with concomitant
fluoroscopy. We postulate that the slightly higher degree of ante-
version could be a result of the components’ fluoroscopic appear-
ance, as conventional teaching advocated slightly more anteversion
to protect against instability, and therefore the impression of the
surgeon using fluoroscopic feedback may be to trend toward what
he deems as acceptable radiographic anteversion. In the no fluo-
roscopy cohort, no such visual radiographic feedback was available,
and placement was more gauged from anatomic landmarks,
resulting in slightly less anteversion. We postulate that the modest
degree of difference of acetabular anteversion is likely statistically,
but not clinically significant. There is the potential that the differ-
ence is nonexistent when factoring in the degree of error in
measuring anteversion. Even in spite of the decreased amount of
anteversion in the no-fluoro cohort, there was no difference in
terms of the numbers within the Lewinnek safe zone. We also use
the added parameter of templated vs actual femoral stem and
acetabular component size, which expands the scope of the current
study compared to studies of similar investigations.

As previously noted [25,38], there is a documented learning
curve associated with adopting the DAA for THA. Although not the
focus of the present study, we hypothesize that the elimination of
fluoroscopy during the operation may have more of an effect for
less experienced surgeons undertaking these operations, and our
results may not apply as directly to that clinical situation. However,
there are potential advantages to the elimination of fluoroscopy
during an operative procedure. In principle, it extends the length of
an operation with multiple events of movement into and out of the
field of the amplifier and receiver arm. Additionally, there is a real
concern of contamination events during both the draping of the
fluoroscope, as well as during the course of the procedure. If a
breech occurs in the barrier, direct wound contamination could
result, as the receiver typically is located directly over or in very
close proximity to the wound, the surgeon’s hands, and retractors.
Additionally, in some circumstances, it may be the case that
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fluoroscopy machines may not be readily available, whether by
machine failure, or lack of universal availability. Additionally, since
cementless components are made of materials with varying de-
grees of radio-opacity, assessment of anteversion using intra-
operative fluoroscopy can be challenging and subject to
imprecision. In these cases in particular, judgment of appropriate
position may be especially suited to using native anatomy as
guiding landmarks.

Finally, at many hospitals the use of fluoroscopy is not without
direct costs associated with its use. Although this varies by location,
the cost at the author’s institution exceeds several hundred dollars,
and anecdotally, may amount to $1000 or more at some in-
stitutions, which is a significant increase in the cost of a procedure.
The direct costs do not account for the possibility of additional costs
in the form of increased operative times, which may also be sub-
stantial. In an increasingly cost-conscious healthcare landscape, the
ability to eliminate unnecessary costs is becoming progressively
more important.

Conclusions

In this series we compare two consecutive cohorts of patients
undergoing DAA THA done by the same surgeon with or without
the use of intraoperative fluoroscopy. Our results indicate therewas
no difference of component position within or outside of the so-
called "safe zone," and that there was no difference in templated
component sizes versus real implanted component size. There was
a modest difference in anteversion between the cohorts that is
likely clinically insignificant. The results here indicate that the use
of intraoperative fluoroscopy during DAA THA may not be neces-
sary to for appropriate component position or sizing.
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