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Does the utilization of fluoroscopy affect the
accuracy of prosthesis position in patients
undergoing hip replacement surgery via the
direct anterior approach compared to the
posterolateral approach for an experienced
surgeon? A single-center retrospective study
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Abstract

Background The direct anterior approach (DAA) for total hip arthroplasty (THA) has gained popularity due to
perceived advantages in achieving better early outcomes. However, the theoretical benefits such as precise implant
positioning and accurate leg length restoration are still inconsistent. In this study, we compared implant position and
leg length discrepancy (LLD) of the DAA and posterolateral approach (PLA) conducted by a single surgeon who had
mastered both approaches.

Methods This study retrospectively reviewed the medical records and radiographic images of 244 patients who
underwent THA between 2012 and 2021 by a single experienced surgeon using either the DAA (n=120) or PLA
(n=124). Postoperative pelvic anteroposterior radiographs at 6 months follow-up were used to assess acetabular
component inclination and anteversion, as well as LLD. Mann-Whitney U tests and Chi-squared test were performed
to compare outcomes between the two approaches.

Results No significant differences were observed in patient demographics between the two groups. The DAA group
demonstrated significantly lower postoperative LLD (0.00 mm) compared to the PLA group (5.00 mm, p <0.0001). No

significant difference was observed in the Lewinnek zone for cup anteversion and inclination angles between the two
groups.

Conclusions For experienced surgeons in other approaches, our findings suggest transferring to the DAA may not
substantially improve cup positioning, but it might slightly enhance limb length measurement. For surgeons already
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proficient in other approaches and deciding to maintain those approaches, their primary concern for optimal THA

outcome should be striving for leg length equivalence.

Keywords Total hip arthroplasty, Direct anterior approach, Posterolateral approach, Acetabular position, Leg length

discrepancy

Introduction

The historical context of total hip arthroplasty encom-
passes various surgical approaches. In recent decades, the
DAA to THA has garnered significant attention, owing
to its perceived advantages in achieving better early out-
comes, precise implant positioning, and ergonomic leg
length measurement. Numerous studies have empha-
sized the rapid recovery associated with DAA, attributing
it to the muscle-sparing nature of the approach and the
accuracy achieved in implant placement and leg length
measurement through intraoperative fluoroscopy and
comparison with the contralateral limb [1, 2]. A notewor-
thy trend has emerged in the United States, where a sub-
stantial percentage of surgeons have transitioned from
employing different approaches to embracing the DAA
[3].

While the benefits of expedited recovery have been
extensively explored, comparative precision of implant
positioning between the direct anterior approach and
alternative methods was less thoroughly discovered.
Theoretically, the DAA enhances precision in implant
placement and leg length measurement due to the supine
position that allows for intraoperative fluoroscopy. Stud-
ies even demonstrate that the freehand technique also
demonstrate comparable implant positioning, irrespec-
tive of fluoroscopy utilization [4—6]. This raises the
question: Does the DAA offer better prosthesis posi-
tioning and limb length measurement when performed
by surgeons already experienced in alternative surgical
approaches? Consequently, does a surgeon proficient in
an alternative technique need to transition to the DAA to
improve prosthesis positioning?

In this study, we seek to evaluate whether the advan-
tages associated with the DAA extend beyond early
recovery to encompass a statistically significant improve-
ment in the precision of implant positioning. Our inves-
tigation will scrutinize the nuanced aspects of implant
placement, including the cup inclination, anteversion
and postoperative LLD, comparing the DAA with the
PLA within the same surgeon cohort—a group with prior
experience in both techniques.

Materials and methods

Patient population

This retrospective study reviewed the medical records
and radiographic images of 244 patients who received
total hip arthroplasty. All the patients underwent the
operation at a single medical center between 2012 and

2021. The inclusion criteria were (1) patients older than
20-year-old, (2) patients receiving unilateral THR for
hip osteoarthritis or osteonecrosis of femoral head, (3)
follow-up duration greater than 6 months. The exclu-
sion criteria were (1) patients receiving revision surgery,
(2) patients with history of developmental dysplasia
of the hip (3) patients with preoperative leg length dis-
crepancy greater than 2 centimeters, (4) hip joint defor-
mity related to malignancy, trauma or infection. This
study was approved by the Ethics Committee and Insti-
tutional Review Board of Chi Mei Medical Center (No
CE21228A).

Surgical procedures

A single senior hip surgeon performed all total hip
arthroplasty procedures, utilizing either a direct anterior
approach or posterolateral approach. All the implants
used in our study were Zimmer Kinetiv (Zimmer Biomet,
Washington D.C., USA) implants. Before 2016, this sur-
geon used the posterolateral approach. After 2016, he
switched to using the DAA approach. In the direct ante-
rior group, patients were placed in a supine position
(Fig. 1a, b). The preparation of the acetabulum compo-
nent was completed under intraoperative fluoroscopic
guidance (Fig. 1c). Once the surgeon was satisfied with
the cup position, the acetabular component was impacted
and secured with screws. Subsequently, the femoral canal
was reamed, and a trial femoral component was inserted.
Leg length discrepancy can be assessed by comparing
both limbs due to the supine position or by measuring
the bilateral trochanteric height difference under fluo-
roscopy. After determining the appropriate femoral stem
size, the definitive femoral stem was inserted, and the hip
joint was reduced. In the posterolateral approach group,
patients were placed in a lateral decubitus position. Due
to the overlapping of skeletal shadows, no fluoroscopy
were taken in the posterolateral group during the study.
Prosthesis positioning relied solely on the surgeon’s clini-
cal judgement and experience without imaging guidance.

Radiological assessment

Postoperative pelvic anteroposterior radiographs at 6
months follow-up were utilized to assess acetabular com-
ponent inclination and anteversion, as well as LLD after
THA. We measured the LLD according to the lesser
trochanter height difference between both hips (Fig. 2).
We used the ellipse method to measure Liaw’s ante-
version (Fig. 3). The radiographic anteversion angle is
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Fig. 1 a., b. In the direct anterior group, patients were placed in a supine position. ¢. The preparation of the acetabulum component was completed
under intraoperative fluoroscopic guidance

calculated as the arcsine of the ratio of the short axis to
the long axis of the ellipse formed by the acetabular cup
on an anteroposterior X-ray image [7]. The cup inclina-
tion was directly measured by the angle formed between
the long axis of the cup and the horizontal line. To com-
pare the accuracy of cup positioning in THA, we utilized
Lewinnek’s safe zone. According to this standard, the cup
should ideally be oriented at 40+10 degrees of inclina-
tion and 15110 degrees of anteversion to enhance out-
comes following THA [8].

Data analyses

The descriptive statistic was used in this study. The cat-
egorical variables were presented as frequency with per-
centage and analyzed using Pearson’s chi-square test for
comparing the difference between two groups. In addi-
tion, the Kolmogorov-Smirnov test was used to assess the

normality of continuous variables. Since the continuous
variables did not follow a normal distribution, they were
expressed as the median and interquartile range (IQR).
The difference in these continuous variables between two
groups was compared using the Wilcoxon rank-sum test.
Statistical analyses were performed using the IBM SPSS
Statistics software package (version 24.0, IBM Corp,
Armonk, NY, USA). Statistically significant was set as
P-values less than 0.05.

Results

Demographics and characteristics of patients

From 2012 to 2021, a total of 244 patients underwent
THA at our institution, performed by an experienced
surgeon. Among them, 120 patients underwent the DAA,
while 124 patients underwent the PLA. All patients in
both groups achieved successful THA at their latest
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Fig. 2 A pelvis anterior-posterior radiograph demonstrates examples of
LLD cup inclination measurement. Line A represents the interteardrop
line. Line segment B signifies the distance between line A and the lower
edge of the right lesser trochanter, while line segment C denotes the dis-
tance between line A and the lower edge of the left lesser trochanter. LLD
is determined by the disparity in length between line segments B and C.
Cup inclination is defined as the angle between line A and line D

Fig. 3 A pelvis anterior-posterior radiograph illustrates the application of
the ellipse method for measuring Liaw’s anteversion. Angle 3 is defined as
the angle between the major axis of the ellipse and the connection of the
two endpoints (points A and B) of the major and minor axes. The calcula-
tion of cup anteversion is determined by the arc sine of the tangent of 3

follow-up. The basic demographic data for both groups
are presented in Table 1, showing no significant differ-
ences between the two groups.
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Radiographic outcome

The radiographic data is summarized in Tables 2 and 3.
Post-operative anteversion is 15.54 (12.27, 20.14) degrees
in the DAA group and 13.35(9.11, 18.96) degrees in the
PLA group (P value<0.01). In 85.8% of cases within the
DAA group, the cup anteversion angle fell within the
Lewinnek zone, compared to 81.5% in the PLA group
(P=0.355). Inclination of the cup is 40.00 (34.50, 44.00)
degrees in the DAA group and 40.00 (34.50, 46.00)
degrees in the PLA group (P value>0.05). 80.8% of
cases in the DAA group had the cup inclination angle
within the Lewinnek zone, compared to 78.2% in the
PLA group (P=0.614). Notably, no significant difference
was observed in cup anteversion and inclination angles
within the Lewinnek safe zone between groups. The LLD
after the operation is 0.00 (-5.00, 4.50) mm in the DAA
group and 5.00 (0.00, 9.00) mm in the PLA group, with
significant difference (P value<0.0001).

Discussion

A key technical advantage of the DAA is its performance
with the patient in a supine position. This positioning
facilitates convenient access for fluoroscopy, potentially
minimizing component placement errors and aiding in
the optimization of hip biomechanics during THA [9,
10]. Fluoroscopy, however, comes with certain draw-
backs. It can extend operative time due to image acqui-
sition and raises concerns about potential contamination
of the fluoroscopy arm’s sterile covering during surgery
[11, 12]. Moreover, if not used correctly, fluoroscopy can
be misleading in cases of morphological variants or when
there are discrepancies in pelvic or fluoroscopy arm
positioning. In our hospital, we employ two key strate-
gies to avoid discrepancies in pelvic or fluoroscopy arm
positioning. First, we use standardized patient position-
ing, ensuring consistent and precise positioning of the
patient. This standardization helps maintain uniform
pelvic orientation. Second, we implement careful C-arm
setup, focusing on two critical aspects: aligning the beam
center with the area of interest to ensure the target ana-
tomical region is properly centered in the fluoroscopic
image, and positioning the C-arm perpendicular to the
patient’s long axis. By adhering to these practices, we aim
to minimize positioning errors, enhance image quality
during the operation.

An appropriately positioned acetabular cup is crucial
for optimal hip joint mechanics and mobility after total
hip arthroplasty. Proper cup inclination and antever-
sion angles minimize wear, loosening, impingement, and
dislocation risks, while ensuring smooth joint motion
and reducing premature implant failure [13]. Excessive
cup anteversion increases dislocation risk, while exces-
sive cup inclination accelerates bearing surface wear,
edge-loading, and elevated metal ion levels - factors that
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DAA group(n=120) Posterior group(n=124) P-value
Age, median(Q1,Q3) 65.00(59.00,71.00) 61.00(52.00,73.00) 0.0975
Gender 04631
Male 43(36.75) 39(32.23)
Female 74(63.25) 82(67.77)
BMI, median(Q1,Q3) 25.80(23.20,29.10) 25.60(23.40,27.90) 0.4083

Table 2 The box plot
A. Anteversion B. Inclination
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Table 3 Lewinnek safe zone
overall DAA group Posterior lateral group P-value*
(n=244) (n=120) (n=124)
Anteversion, n(%) 0.3553
in zone(5-25 degrees) 204(83.61) 103(85.83) 101(81.45)
out of zone 40(16.39) 17(14.17) 23(18.55)
Inclination, n(%) 06139
in zone(30-50 degrees) 194(79.51) 97(80.83) 97(78.23)
out of zone 50(20.49) 23(19.17) 27(21.77)

*Chi-Squared Test

compromise implant longevity. Conversely, insufficient
cup inclination decreases range of motion and raises
impingement risk [14—17]. Accurate cup positioning also
optimizes leg length and offset restoration, improving
overall biomechanics and functional outcomes after sur-
gery. In our study, there were no significant differences in
the percentage of cases within the Lewinnek zone for cup
anteversion and inclination between groups. Although
there were significant differences in the median values
of cup anteversion and inclination between the groups,
it might be a slight adjustment necessary between
approaches. For example, when using the DAA, the lip of
the THR insert is usually positioned anteriorly to prevent
anterior dislocation. Mercer et al. shared the experience

of a single surgeon who switched from PLA to DAA, sug-
gesting that different approaches may require a different
safe zone for the cup and size because the PLA might
need to prevent posterior dislocation while the DAA had
the risk of anterior dislocation [18].

However, the findings of our study revealed a statisti-
cally significant reduction in LLD within the DAA group
compared to the PLA group. The median LLD was 0 mm
(range: -5.00 to 4.50 mm) in the DAA group and 5 mm
(range: 0.00 to 9.00 mm) in the PLA group. This suggests
even in the hands of an experienced surgeon, the DAA
posed an enhanced ability to achieve more precise leg
length adjustment. Besides the benefits of the surgeon
being able to compare the bilateral lesser trochanteric
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height via the intraoperative anteroposterior view,
the supine position itself also makes determining the
proper LLD easier [19]. In approaches utilizing the lat-
eral decubitus position, surgeons can assess proper leg
length intraoperatively through assessment of knee and
ankle levels [20, 21], mechanical guides and calipers that
directly measure the operative leg length [22, 23], or
computer navigation systems that provide accurate leg
length data based on imaging and tracking [24]. However,
it is clinically difficult to put the patient’s legs in the true
neutral position under lateral decubitus position. Intra-
operative computer navigation can achieve more precise
LLD compared to conventional freehand techniques, but
it is more expensive and time-consuming [25]. Although
we usually consider LLD lesser than 10 mm a forgivable
range [26], it is crucial to acknowledge that even minor
leg length differences can have a notable impact, poten-
tially leading to low back pain, altered gait, or other
symptoms in certain patients [13, 27]. For certain indi-
viduals with specific functional requirements, such as
athletes or those engaged in activities with strict biome-
chanical demands, minimizing LLD may be a priority.
Recent attention has focused on the concept of com-
bined version (CV) of acetabular and femoral compo-
nents, aiming to enhance impingement-free range of
motion and reduce instability and impingement in THA
[28-30]. A study by Benjamin et al. revealed that com-
bined anteversion within the “safe zone” was achieved
79% of the time with the DAA. Interestingly, the outli-
ers seemed to mostly result from failure to place the cup
within the Lewinnek zone [31]. A recent study by Dim-
itriou et al. showed that for DAA to avoid anterior dis-
location, the CV should be placed under 60 degree [32].
Our study did not measure femoral anteversion place-
ment, thus, unable to form the CV value for comparison.
A systematic review conducted by Stolarczyk et al. in
2021 analyzed six RCTs that compared radiographic
cup positioning between the DAA and other surgi-
cal approaches, suggesting the DAA may allow for bet-
ter control of cup anteversion compared to other
approaches, especially the lateral approach. Inconsistent
findings on cup inclination and LLD, coupled with a lack
of sufficient high-quality trials, make it difficult to draw
definitive conclusions about the radiological outcomes
of the DAA compared to other approaches in total hip
replacement [33]. Our study limited the procedures to
be performed by a single surgeon with well-established
expertise. By having one surgeon perform all the pro-
cedures, we reduced inter-operator variability factors
such as operative skills, surgical philosophy, and antici-
pated implant positioning. The results indicate that for
an experienced surgeon in PLA, the percentage of cases
falling within the Lewinnek zone are comparable to
himself performing DAA. However, study by Debi et al.
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demonstrated that surgeon switched from anterolateral
approach to DAA not only revealed a better leg length
equivalence but also in cup position [34].

There are several limitations to our study. First, the ret-
rospective nature of the study design inherently has limi-
tations, such as potential selection bias, incomplete data,
and reliance on previously recorded information which
may not have been collected for the specific research
question. Second, the study was conducted at a single
medical center, which may limit the generalizability of
the findings to other healthcare settings or patient popu-
lations. Third, the study design of our research focused
entirely on radiographic parameters, evaluating cup incli-
nation and anteversion angles as well as leg length dis-
crepancy after THA procedures, without including any
clinical outcome measures. Lastly, while having a single
experienced surgeon perform all procedures helps con-
trol for inter-operator variability, the results may not be
generalizable to surgeons with different levels of expe-
rience with the DAA and PLA techniques. It is pos-
sible that the single surgeon performing all cases in this
study was highly proficient in both the DAA and PLA
approaches. To establish a broader perspective, addi-
tional comparisons among different surgeons may be
necessary.

In summary, for an experienced PLA surgeon, master-
ing the DAA does not necessarily enable more precise
positioning of cup anteversion and inclination within the
ideal range of Lewinnek zone. However, the DAA might
offer advantages in minimizing LLD. These findings
emphasize that for surgeons highly skilled in alternative
surgical approaches, the primary concern to optimize the
THA outcome could be lied within how to achieved the
leg length equivalence.
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