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a b s t r a c t

Background: Acetabular cup placement in total hip arthroplasty (THA) has been recognized as an
important factor in operative success, and accurate cup placement has been the impetus for novel
medical technologies.
Methods: This article examines the cup placement in 955 THAs using a freehand Direct Anterior
Approach on a standard operating table. Acetabular anteversion and inclination were determined using
the circle theorem. Measurements were divided into safe zone placement determined by Callanan et al as
5�-25� for anteversion and 30�-45� for inclination, as well as by Lewinnek et al as 5�-25� for anteversion
and 30�-50� for inclination. Dislocation rate was determined and correlated to safe zone placement.
Results: Although technology has advanced for cup placement, this investigation shows that a freehand
technique demonstrates 0.31% dislocation after THA with an accuracy of 85% for the Lewinnek safe zone
and 61% for Callanan, potentially because of the sparing of the posterior hip capsule.
Conclusion: The direct anterior approach to the hip on a regular operating table is safe and reliable. Our
results demonstrate improvement in cup positioning compared with other freehand techniques. Surgeon
awareness and control of the position of the pelvis within space optimizes acetabular component ac-
curacy and precision without the need for special equipment, such as intraoperative fluoroscopy.

© 2017 Elsevier Inc. All rights reserved.
Over the next 2 decades, a projected 572,000 primary total hip
arthroplasties (THAs) are expected to be performed [1]. This
growing demand for hip arthroplasty is occurring at a tumultuous
time in health care, where surgical outcomes are measured with
regard to cost-effectiveness, patient satisfaction, length of stay, and
rate of complications. Nevertheless, the principles of a successful
primary THA remain unchanged: symptom relief, stability,
longevity, and functional range of motion. Although improvements
in materials have increased the durability of the primary THA,
obtaining stability and range of motion remain the responsibility
of the surgeon. Alongside prosthetic joint infection, hip instability
and dislocation remains a predominant cause for early (within
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3 months) revision [2]. Although soft-tissue tensioning, femoral
component position, and patient factors can affect stability, one of
the most studied factors is acetabular component position.

In 1978, Lewinnek et al [3] defined the safe zone for acetabular
component positioning as 5�-25� of anteversion and 30�-50� of
abduction. Cup placement outside these parameters has been
associated with an increased risk of dislocation. Others have
corroborated these findings [4e6]. In addition to instability,
acetabular component malposition can result in the following:
polyethylene liner fracture, accelerated wear rates, pelvic osteol-
ysis, impingement, limb length discrepancy, and diminished range
of motion [7e10]. As such, the desire for precise and accurate cup
placement has been the impetus for various novel technologies,
such as fluoroscopic guidance, computer navigation, patient-
specific instrumentation, and robotics [1,11,12]. Although these
technologies have been shown to improve accuracy and precision
(less variance) for acetabular component placement, the cost, ra-
diation exposure, need for well-trained operating room staff, and
setup time remain significant concerns [13,14].

The effect of surgical approach on freehand acetabular compo-
nent placement has been studied. The term “freehand” used here
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Fig. 1. The surgeon adjusts the pelvic position using the rectangular sacral bump to
bring the anterior pelvic plane collinear with the coronal plane. This aspect of the
direct anterior approach using a regular table facilitates surgeon awareness of the
position of the pelvis in space and therefore precise and accurate acetabular cup
placement [15].
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indicates that surgical placement of the acetabular cup is accom-
plished without a specialized operating table or the use of image-
guidance techniques. We believe that performing the approach on
a standard operating table allows the surgeon to place the pelvis in a
known position in space and with respect to the coronal plane. This
investigation seeks to determine if acetabular component place-
ment accomplishedusing the direct anterior approach on a standard
operating table without fluoroscopy can generate a comparable
accuracy and outcome on the basis of dislocation to those tech-
niques using a specialized operating table and image guidance.

Methods

Using the hospital medical records database, 992 THAs per-
formed by a single surgeon (ASU) from January 2010 through May
2016 were identified. All surgeries were performed on a regular
operating table with standard instruments using the direct anterior
approach. Cementless acetabular and femoral components were
used for all patients, unless otherwise indicated for specific patients.
The medical records database was used to obtain demographic in-
formation for each patient, including gender, body mass index
(BMI), age, and laterality of operated hip. All patients involved in
this investigation had the diagnosis of osteoarthritis with unilateral
hip arthritis. All patients were required to have a digital 6-week
postoperative radiograph to measure acetabular cup inclination
and anteversion angles. Thirty-seven patients were excluded owing
to implant selection (modular dual mobility, Birmingham hip
resurfacing), femoral neck fractures, Parkinson's disease, or
acetabular dysplasia. A total of 74 hips did not have data for BMI and
were therefore excluded from statistical analysis for the BMI portion
of the study. A total of 955 hips were included in analysis, of which
597 (62.5%) were female and 358 (37.5%) were male. The mean
patient age was 71.2 ± 9.8 years (range, 26-97 years), and the mean
BMI was 26.3 ± 4.9 kg/m2 (range, 15.4-46.5 kg/m2).
Surgical Procedure

The patient is placed supine on the operating table. A 2-inch
thick sacral pad was used in all patients, keeping the anterior
pelvic plane of the patient and coronal plane collinear with the
operating table. This positioning of the acetabular component
with respect to the coronal plane can be visualized in Figure 1
[15]. The value of this technique is to allow adipose tissue to fall
away from the hip to facilitate better prepping and draping of the
patient. The pad is 16 inches wide by 2.5 feet long by 2 inches
thick, fitting across the patients' sacrum and does not rotate the
pelvis. An 8- to 10-cm incision is made over the tensor fascia lata
(TFL) muscle belly. The superficial fascia of the TFL is incised and
muscle retracted posterolaterally. The interval between the
sartorius and TFL is bluntly developed. The lateral femoral
circumflex vessels are identified and cauterized. The deep interval
is developed between the rectus femoris and greater trochanter,
curving medially proximally to avoid the abductor musculature.
The reflected head of the rectus femoris is released, and a cap-
sulotomy is made. The femoral neck osteotomy is performed at
the level of the greater trochanter base (“saddle.”) The acetabulum
is reamed sequentially, and final acetabular component is placed
on a straight handle with attention to the handle position relative
to the patient's body to assess appropriate anteversion and
inclination. Optimal position was targeted as 15� anteversion and
40� inclination. The femur is then prepared with sequential
broaches. Trial components are placed before final component
implantation.
Measurements

The acetabular cup inclination and anteversion angles were
measured by an independent observer on a single anteroposterior
(AP) hip radiograph taken 6 weeks postoperatively in the Merge
PACS system using the circle theorem, validated by others [16].
Using the circle theorem, the following geometry of the hip is
outlined as seen in Figure 2.

This geometry then shows that the angle of version can be
calculated using the formula version ¼ cos�1

�
line 5
line 6

�
[17]. When

using the direct anterior approach in the supine position on a
standard operating room table, there is reassurance that the
placement of the acetabulum is anteverted, which will be made by
the parallax changes from the AP hip position to the AP pelvis
position. Anteversion angle measured from AP pelvis to AP hip
increases, which confirms that the cup is anteverted [8]. The
inclination angle was measured by using the transischial line as a
reference to determine the lateral inclination placement of the
acetabulum.

To ensure accuracy and repeatability of measurement by the
independent observer, a set of 10 randomly selected AP pelvic ra-
diographs were each read until the independent observer was
within 1 standard deviation of the previous reading in the mea-
surement 3 times. All measurements in this investigation were
completed by a single observer.

The measurements of anteversion and inclination were divided
into different safe zones as defined by Lewinnek et al [3] and
Callanan et al [7]. The Lewinnek safe zone is defined as an ante-
version from 5� to 25� and an inclination from 30� to 50�. The
Callanan safe zone is defined as an anteversion from 5� to 25� and
an inclination from 30� to 45�. The precision and consistency of cup
placement over time was determined and analyzed using a
regression line of inclination values, allowing examination of the
spread of residuals around this line and the changes in cup place-
ment over time.



Fig. 2. The geometry of the hip outlined using the circle theorem, which can be used to
calculate acetabular version [16,17].

Table 1
Distribution of Inclination and Anteversion Angles for Hips Included in the Study.

Angle Ranges Number of Hips (n ¼ 955) % of Total

Inclination
20�-25� 3 0.3
25�-30� 18 1.9
30�-35� 113 11.8
35�-40� 239 25.0
40�-45� 315 33.0
45�-50� 296 31.0
50�-55� 132 13.8
55�-60� 47 4.9
60�-65� 17 1.8
65�-70� 3 0.3

Anteversion
0�-5� 18 1.9
5�-10� 499 52.3
10�-15� 376 39.4
15�-20� 62 6.5
20�-25� 0 0.0
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Fig. 3. A scatter plot of the hip inclination and anteversion angles, showing those
placed within the safe zone defined by Lewinnek et al [3].
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Statistical Analysis

The impact of laterality of the surgery was determined by per-
forming a chi-square analysis of the side the surgery was
performed on and the placement inside the safe zone by a right-
handed surgeon. A total of 525 (55%) right THAs and 430 (45%)
left THAs were performed. In addition, the chi-square and the
Fisher exact tests were used to examine the association of safe zone
variables with gender, and the 2-tailed between-groups t testswere
used to examine association of safe zone variables with age and
BMI. Pelvic obliquity was also measured, and the association be-
tween pelvic obliquity and placement inside the safe zone was
determined. Dislocations after the operation were recorded. Dis-
locations were determined by patient follow-up appointments at 2
weeks, 6 weeks, 3 months, and 1 year.

Results

The average inclination and anteversion angles for the 955 hips
included in the study were 43.5� ± 7� and 10.0� ± 3.1�, respectively.
Inclination angles ranged from 21� to 66�, and anteversion angles
ranged from 3.1� to 19.8�. There were 813 (85%) acetabular cups
that were placed within the safe zone for both inclination and
anteversion based on the safe zones defined by Lewinnek et al [3]
and 580 (61%) acetabular cups that were placed within the safe
zone for both inclination and anteversion based on the safe zones
defined by Callanan et al [7]. Eight hundred twenty-five (86%) hips
were placed in the safe zone for inclination defined by Lewinnek
et al and 589 (62%) hips were placed in the safe zone for inclination
defined by Callanan et al; 941 (99%) hips were placed in the safe
zone for anteversion defined by Lewinnek et al and Callanan et al.
The distribution of inclination and anteversion angles is shown in
Table 1. Scatter plots of inclination and anteversion angles with the
safe zones denoting optimal acetabular cup placement defined by
Lewinnek et al and Callanan et al are shown in Figures 3 and 4.

The pelvic cup inclination angle over time is shown in Figure 5.
There is a low negative correlation between pelvis cup inclination
and date (r ¼ �0.29), indicating that cup inclination decreased
slightly over time. The R2 value was calculated to be 0.084 (P <
.0001), and the pelvis cup inclination can be characterized by the
following: pelvis cup inclination ¼ �0.003305 � dateþ 108.56208.
This equation allows for prediction of the pelvis cup inclination
angle based on the date in which it was performed. The Pearson
correlation between the absolute value of the distance from the line
and the date is�0.06 (P¼ .61), meaning that precision in placement
of the acetabular cup within the safe zone for inclination is
increasing over time.

The association of placement within the safe zone of the
acetabular cup for right- and left-sided hip arthroplasties by a
right-handed surgeon is displayed in Table 2. In the table, “Both”
indicates that the acetabular cup was placed within the safe zone
for inclination and anteversion, whereas “Neither” indicates that
the acetabular cup was not placed within the safe zone for incli-
nation or anteversion. In addition, the association of gender and
placement within the safe zone is shown in Table 3. The placement
within the safe zone by BMI is shown in Table 4. BMI is separated
into categories of <34.99, 35-40, and >40 kg/m2. Cup malposition
for inclination occurred more frequently in patients with a higher
BMI, where the percentage of malpositioned cups was 13% for BMIs
<34.99 kg/m2, 13% for BMIs from 35 to 40 kg/m2, and 33% for BMIs
>40 kg/m2 for a safe zone defined by Lewinnek et al. Data for the
safe zone determined by Callanan et al demonstrate cup malposi-
tion for inclination being 37% for BMIs <34.99 kg/m2, 28% for BMIs
from 35 to 40 kg/m2, and 58% for BMIs >40 kg/m2. Cup malposition
for version did not occur more frequently over the range of patient
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Fig. 4. A scatter plot of the hip inclination and anteversion angles, showing those
placed within the safe zone defined by Callanan et al [7].

Table 2
Placement Inside the Safe Zone for Right-Sided and Left-Sided Hip Arthroplasties by
a Right-Handed Surgeon. Both Indicates That the Acetabular CupWas PlacedWithin
the Safe Zone for Inclination and Anteversion, Whereas Neither Indicates That the
Acetabular Cup Was Not Placed Within the Safe Zone for Inclination or Anteversion.

Safe Zone Variable Laterality P Value

Right (n ¼ 525), n (%) Left (n ¼ 430), n (%)

Lewinnek
Inclination 475 (90.5) 350 (81.4) <.0001
Anteversion 516 (98.3) 425 (98.8) .48
Both 467 (89.1) 346 (80.5) .0002
Neither 2 (0.4) 1 (0.2) .68

Callanan
Inclination 381 (72.6) 208 (48.4) <.0001
Anteversion 516 (98.3) 425 (98.8) .48
Both 377 (71.8) 203 (47.3) <.0001
Neither 4 (0.8) 1 (0.2) .39
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BMIs. Males were significantly more likely than females to have
safe zone landings based on inclination and version defined by both
Lewinnek et al and Callanan et al. Patients with placement inside
the safe zone were significantly younger than those malpositioned,
based on inclination defined by Lewinnek et al and Callanan
et al.

The total number of dislocations after operationwas 3 of the 955
patients (0.31%) included in the study (Table 5). Two of these dis-
locations were left sided and 1 was right sided. Dislocations were
determined based on follow-up appointments with patients seen
postoperatively at 2 weeks, 6 weeks, 3 months, and 1 year. The
average inclination angle of those hips that dislocated was 46.7� ±
5.5�, and the average anteversion angle was 6.9� ± 2.2�. One of
these hips was placed outside the safe zone for inclination defined
by Lewinnek et al and 2 of these hips were placed outside the safe
zone for inclination defined by Callanan et al. All 3 hips were placed
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Fig. 5. A scatter plot of the pelvis cup inclination placement over the duration of the
study. The dispersion is decreasing with time, suggesting that precision is increasing.
within the safe zones defined by Lewinnek et al and Callanan et al
for anteversion. Of these dislocations, 1 required revision surgery.

Althoughmeasuring inclination angles on AP hip radiographs, it
was noted that some of the pelvises demonstrated obliquity, which
impacted the inclination angle measured and placement within the
safe zone. The number of inclination angles that measured >50�

was 121, and 88 (70%) of these displayed pelvic obliquity.
Discussion

In our series, the acetabular cup was placed 86% of the time
within the safe zone defined by Lewinnek et al and 61% of the time
within the safe zone defined by Callanan et al. This is due to the
difference in optimal inclination angles determined by Lewinnek
et al (30�-50�) and Callanan et al (30�-45�). The percentage of
optimally positioned cups has shown improvement over other re-
ported series of freehand techniques investigated in the study by
Callanan et al where 47% of acetabular cups were placed in the safe
zone using different approaches to THA [7]. In addition, cup
placement regarding inclination became more precise over time,
which demonstrates the evolution of surgeon efficacy with repe-
tition and experience. The version placement did not significantly
change over time. We also believe that the degree of accuracy and
precision afforded by the direct anterior approach is a major
advantage and is largely due to consistency and surgeon awareness
in patient positioning. Over the past decade, there has been a
greater focus in improving acetabular placement. Acetabular
component accuracy from the lateral decubitus position has
generally been inferior, with safe zone landing rates ranging from
59% to 72% [7,18]. We believe that an explanation for the discrep-
ancy is in part due to loss of surgeon “pelvic proprioception” in the
lateral decubitus position, as compared with supine position.
Furthermore, Grammatopoulos et al [19] demonstrated variation in
Table 3
Placement Inside the Safe Zone Association With Gender.

Safe Zone Variable Males (n ¼ 358), n (%) Females (n ¼ 597), n (%) P Value

Lewinnek
Inclination 325 (90.8) 500 (83.8) .0022
Anteversion 358 (100) 583 (97.7) .0035
Both 325 (90.8) 488 (81.9) .0002
Neither 0 (0) 3 (0.5) .3

Callanan
Inclination 242 (67.6) 347 (58.1) .0036
Anteversion 358 (100) 583 (97.7) .0035
Both 241 (67.5) 339 (56.8) .001
Neither 0 (0) 5 (0.8) .16



Table 4
BMI Separated Into Categories of <34.99, 35-40, and >40 kg/m2 With Placement
Inside the Safe Zones Defined by Lewinnek et al [3] and Callanan et al [7].

Safe Zone Variable BMI

<34.99 kg/m2

(n ¼ 830), n (%)
35-40 kg/m2

(n ¼ 39), n (%)
>40 kg/m2

(n ¼ 12), n (%)

Lewinnek
Inclination 726 (87) 34 (87) 8 (67)
Anteversion 817 (98) 38 (97) 12 (100)
Both 716 (86) 33 (85) 8 (67)
Neither 3 (1) 0 (0) 0 (0)

Callanan
Inclination 522 (63) 28 (72) 5 (42)
Anteversion 817 (98) 38 (97) 12 (100)
Both 514 (62) 27 (69) 5 (42)
Neither 5 (1) 0 (0) 0 (0)

BMI, body mass index.
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patient position and nearly 10� of motion from the time of posi-
tioning to final component implantation. Saxler et al [20] reported
on their experience with freehand cup placement in the supine
position via the anterolateral approach. They found a 25.7% rate of
safe zone placement. Hassan et al [21] reported 58% of cups posi-
tioned within the Lewinnek safe zone using the direct lateral
approach and lateral decubitus positioning. Their group pointed to
the tendency of the pelvis to sway forward and backward in the
sagittal plane during surgery and suspected this as a component of
the inaccuracy. Despite 58% accuracy, none of the 50 hips evaluated
in this series dislocated.

In addition, variability of the position of the pelvis is not only
affected by positioning on the operating table but by patient-
specific factors. Pelvic tilt is the compensatory mechanism by
which patients attempt to maintain a normal sagittal alignment. In
patients with thoracic kyphosis or loss of lumbar lordosis, the pelvis
extends backward over the hips increasing pelvic tilt to decrease
sagittal imbalance. This commonly occurs as a normal process of
aging and spondylosis. Although pelvic tilt is a dynamic, positional
compensatory parameter, the spinopelvic relationship is also
defined by morphologic parameters such as pelvic incidence and
sacral slope. The clinical significance of this relationship for the
arthroplasty surgeon was highlighted by Grammatopoulos et al
[19,22], who measured changes in acetabular component orienta-
tion between the standing and the supine positioning. Sitting-to-
standing increased anteversion and inclination by 4.5� and 1.4�,
respectively. Summarized by Grammatopoulos et al, who stated
“the current description of ‘safe zone' does not take into account
the influence of patient position on acetabular orientation.” Jar-
amaz et al [12] showed that the cup flexion amount between the
lateral decubitus and supine positions of the patient can range
between 0� and 20�. Each movement of the anterior pelvic plane
intraoperatively alters the tilt of the pelvis and, therefore, has been
shown to alter the position of the implants [23]. Failure to recognize
and control for these variables may decrease the accuracy and
reliability of component placement, which can lead to adverse
postoperative outcomes requiring revision surgery.
Table 5
Dislocations After Surgery Are Displayed With the Side the Surgery Was Performed, the
Revision Surgery Was Required, and the Circumstance of the Dislocation.

Dislocations (n ¼ 3)

Side Inclination Anteversion No. of Dislocations

Left 52� 6.3� 2
Left 47� 5� 1
Right 41� 9.3� 1
The placement rate of 61% in this investigation within the safe
zone for both inclination and anteversion is comparable or better
with regard to recently published results by others also using a
freehand approach [7,20,24e28]. These comparisons are summa-
rized in Table 6.

We also examined patient factors and their apparent effect on
cup placement. Interestingly, laterality impacted cup accuracy, with
right-sided surgery having a higher incidence of safe zone landings.
The surgeon in this study is right-handed and placement within the
safe zone defined by Lewinnek et al for the right hip was 89.1% and
the left hip was 80.5%. Placement within the safe zone defined by
Callanan et al for the right hip was 71.8% and the left hip was 47.5%.
This could be explained by the position of the surgeonwhenplacing
the acetabulum; performing the procedure on the side of the
dominant hand may allow for better maneuverability.

The association between gender and cup placement was also
analyzed. Placement within the safe zone defined by Lewinnek et al
for males was 90.8% and for females was 81.9%. Placement within
the safe zone defined by Callanan et al for males was 67.5% and for
females was 56.8%. Results also show that malpositioned cups for
inclination occurred more frequently in older patients, where the
mean age of those with malpositioned inclined cups defined by
Lewinnek et al was 73.4 years and the mean age of those within the
safe zonewas 70.9 years. Finally, the effect of BMI on cup placement
was analyzed. Cup malposition for inclination occurred more
frequently in patients with a higher BMI, where the percentage of
malpositioned cups increased from 13% in patients with BMIs
<34.99 kg/m2 to 33% in patients with BMIs >40 kg/m2 for the safe
zone defined by Lewinnek et al. Cup malposition for the safe zone
defined by Callanan et al shows 37% malposition in patients with
BMIs <34.99 kg/m2 to 58% malposition in patients with BMIs >40
kg/m2. Cup malposition for version did not occur more frequently
over the range of patient BMIs. Todkar [25] demonstrated that BMI
does not play a role in placement of the acetabular cup, whereas
others have determined that a higher BMI led to a higher incidence
of acetabular cup malposition [7].

Pelvic obliquity was observed in 70% patients whose cup incli-
nation angle exceeded 50�. Pelvic obliquity can be caused by
contracture at the hip, limb length discrepancy, or structural
scoliosis [29]. Pelvic obliquity was examined for on postoperative
imaging based on an inclination angle measuring >50�. If this was
the case, the X-ray was reviewed for obliquity, and if the pelvis was
not straight, a new measurement was obtained to correct for
obliquity and to determine if this obliquity impacted safe zone
placement of the acetabular cup. The association and significance of
pelvic obliquity with cup position warrants further research, but
considering the findings from our study, we recommend surgeon
awareness of pelvic obliquity during preoperative planning as an
added measure for ensuring desirable cup placement.

Performing the direct anterior approach for primary THA on a
regular operating table is supported by this investigation through
the accuracy of acetabular cup placement and low dislocation rate
(0.31%). Boettner et al [30] demonstrated 100% accuracy in
acetabular cup placement when using computed
Angles of Placement of the Acetabular Cup, the Number of Dislocations, Whether a

Revision Required Circumstance

No Posterior dislocations with many prior problems
Yes Dislocation followed fall
No
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tomographyeguided positioning through a direct anterior
approach. Furthermore, Matta et al [31] reported excellent results
on a series of 494 primary THAs. Using a modified Hueter direct
anterior approach, a specialized orthopedic table, and C-arm fluo-
roscopy, Matta et al reported 96% inclination accuracy and 93%
anteversion accuracy. The dislocation rate was 0.61%. However,
alternate studies have shown that although a safe zone for
acetabular cup placement has been established, placing the
acetabular cup within the safe zone does not prevent dislocation
[32]. Similarly, other studies have shown a low dislocation rate
despite placement outside the safe zone [21]. This investigation
demonstrates the advantage of the direct anterior approach in
maintaining dynamic stability by sparing the posterior hip capsule
and short external rotators. A freehand approach using anatomic
landmarks allows the surgeon to customize the surgery as well as
reduce the cost and hassle that may be associated with image
guidance and related navigational technology to orient the cup
[33]. Additional research is required to determine the difference in
cup placement accuracy in the direct anterior approach using a
specialized table, fluoroscopy, and a standard operating table. At
this point in time, there is much debate in the literature about what
the ideal cup placement is. Functional cup positioning using
patient-specific factors is now being explored as a way of
addressing this placement.

This study has several limitations. The data were collected by an
independent observer, which introduces uncertainty because
measurements were made manually and not calculated using a
computer algorithm. Second, our investigation is focused on 1 high-
volume surgeon's performance using the anterior approach to THA,
which may not reflect other surgeons' ability to place the acetab-
ular cup in the safe zone without comparable experience or navi-
gational assistance. Finally, incidence of dislocation is only a single
measure of outcome. Instability can result despite a well-placed
cup, and similarly, patients with a well-placed cup may have
instability.
Conclusion

The direct anterior approach to the hip on a regular operating
table is safe and reliable. Our results demonstrate improvement in
cup positioning comparedwith other freehand techniques. Surgeon
awareness and control of the position of the pelvis within space
optimizes acetabular component accuracy and precision without
the need for special equipment, such as intraoperative fluoroscopy.
Further studies are required to further characterize the acetabular
safe zone, as its definition and clinical relevance has been chal-
lenged since the landmark study by Lewinnek et al. Finally, with the
mounting pressure placed on surgeons for fiscal efficiency, further
studies are warranted to compare the cost-effectiveness of the
direct anterior approach with and without special equipment.
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