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The purpose of this study was to compare the acetabular component alignment in
patients undergoing primary total hip arthroplasty (THA) via 3 surgical techniques:
direct anterior using intraoperative fluoroscopy, posterolateral using an external align-
ment guide (posterolateral conventional), and posterolateral using computer naviga-
tion (posterolateral navigated). Two surgeons performed the direct, anterior THAs; 2
surgeons performed the posterolateral-conventional THAs; and 1 surgeon performed
the posterolateral-navigated THAs. The most recent 110 THAs performed using each Figure: . . .

. ) . . igure: Postoperative anteroposterior radiograph
approach were reviewed, and Einsel-Bild-Roentgen analysis software was used t0  gnowing placement of the pelvic gridlines and refer-
measure the acetabular component abduction and anteversion. One-way analysis  encing of the femoral head, acetabular component,
of variance showed the anterior cohort to have a more horizontal alignment of the ~and inner rim for Einsel-Bild-Roentgen analysis.
acetabular component (P<.001); 90.9% of the acetabular components in the pos-
terolateral-navigated cohort were within 40°*=10° and 15°+10° for both acetabular
abduction and anteversion, respectively, vs 70% in the posterolateral-conventional
(P<.001), and 68.2% in the anterior cohort (P<.001). The anterior technique using
intraoperative fluoroscopy does not improve acetabular positioning compared with
the conventional, posterolateral technique.
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espite the clinical success of

primary total hip arthroplasty

(THA), postoperative dislocation
remains a common complication, with a
reported incidence ranging from less than
1% to almost 10%.'> Although numerous
patient and surgical variables influence
the overall risk of dislocation, including
patient age, sex, body mass index, and
surgical approach, appropriate acetabular
component orientation has been proven to
be critical in limiting this complication.*!°
In addition, malpositioning of the ac-
etabular component can increase the risk
of linear fractures and the rate of bearing
surface wear.” Several studies have sug-
gested an optimal acetabular alignment
based on maximizing the range of motion
before impingement, with an acceptable
anteversion from 0° to 30° and an accept-
able abduction from 30° to 50°.'""12 Most
commonly, the safe zone (anteversion be-
tween 5° and 25° and abduction between
30° and 50°) proposed by Lewinnek et al'?
is targeted intraoperatively based on the
increased dislocation risk noted with cup
alignment angles outside of this range.

The goal of improving the accuracy of
acetabular component positioning has led
to the development of computer-assisted
surgical (CAS) techniques for THA, and
several studies have shown improved re-
sults when compared with conventional
methods.'*! In a cadaveric study in
which 150 cups were placed using either
a CAS or freehand method, Jolles et al'®
showed a mean error in alignment of 1.5°
of abduction and 2.5° of anteversion using
a CAS technique vs 10° and 3.5° when us-
ing a freehand technique.

Recently, the use of the direct anteri-
or approach to THA has increased, with
proposed benefits being, but not limited
to, improvements in acetabular compo-
nent positioning, leg-length equalization,
and offset restoration through the use of
intraoperative fluoroscopy.?’ However, to
the current authors’ knowledge, no study
has compared the results of acetabular
component positioning between the direct
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anterior, posterolateral, or posterolateral
techniques using computer navigation.
The purpose of this study was to com-
pare the acetabular component alignment
in patients undergoing primary THA via
3 surgical techniques: anterior, postero-
lateral (posterolateral conventional), and
posterolateral using computer navigation
(posterolateral navigated). The primary
hypothesis of the current authors was that
the direct, anterior technique with intraop-
erative fluoroscopy will improve the accu-
racy of acetabular component positioning
compared with the posterolateral-conven-
tional technique but be less accurate than
the posterolateral-navigated technique.

MATERIALS AND METHODS

This study is a retrospective review of
the radiographic results from an institu-
tional review board—approved database.
One hundred ten patients who received a
direct, anterior THA and met the inclusion
criteria were available for review. The
most recent 110 patients who received a
posterolateral-conventional and postero-
lateral-navigated THA and met the inclu-
sion criteria were included for comparison
cohorts. Two surgeons performed the di-
rect, anterior THAs; 2 surgeons performed
the posterolateral-conventional THAS;
and 1 surgeon performed the posterolat-
eral-navigated THAs. In both the anterior
and posterolateral-conventional cohorts,
1 surgeon performed 70 of the THAs,
whereas the other surgeon performed 40
of the THAs. In the anterior cohort, the
surgeon who contributed 70 THAs has
performed over 200 THAs annually using
the anterior approach since 2009, whereas
the surgeon who contributed 40 THAs had
previously performed over 50 THAS using
the anterior approach. Two surgeons were
included in these cohorts to avoid analyz-
ing the results of a single surgeon’s tech-
nique. Only 1 surgeon was included in the
posterolateral-navigated cohort because
there is only 1 surgeon who consistently
performs computer-navigated THAs at
our institution. All surgeons included in
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this database are high-volume, fellow-
ship-trained arthroplasty surgeons who
perform greater than 200 THAs annually
using their respective, surgical technique.

Inclusion criteria for this study were
patients with a primary diagnosis of os-
teoarthritis, rheumatoid arthritis, post-
traumatic arthritis, avascular necrosis,
or developmental dysplasia of the hip
(Crowe I or IT)*! who underwent primary,
unilateral THA. Exclusion criteria in-
cluded patients undergoing revision THA,
patients with significant scoliotic defor-
mities, and patients with developmental
dysplasia of the hip (Crowe III or IV).
Scoliotic deformities were assessed on
lumbar radiographs in patients with a his-
tory of lower back pain or a prior lumbar
surgery. If a patient possessed a deformity
in which the center sacral vertical line did
not pass between the pedicles of the apex
of the lumbar curve,?? they were excluded
from the study.

The anterior approach cohort consisted
of 39 men and 71 women (56 right and
54 left), the posterolateral-conventional
cohort consisted of 45 men and 65 women
(62 right and 48 left), and the posterolat-
eral-navigated cohort consisted of 56 men
and 54 women (49 left and 61 right). The
primary diagnoses for each cohort are pre-
sented in the Table. All patients in both
the anterior and posterolateral-navigated
cohorts had cementless fixation of both
the acetabular and femoral components,
whereas 14 patients in the posterolateral-
conventional cohort had cement fixation
of the femur. All patients received ce-
mentless fixation of the acetabular com-
ponent using 1 of 3 different acetabular
designs (R3; Smith & Nephew, Memphis,
Tennessee; Trilogy; Zimmer, Inc, Warsaw,
Indiana; and RingLoc; Biomet, Inc, War-
saw, Indiana).

For all patients in each cohort, pre-
operative templating of the femoral and
acetabular components was performed
as described by Della Valle et al.>* In the
anterior approach cohort, both surgeons
used the same surgical technique. The pa-
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tient was placed supine on the operating
room table with the table parallel to the
operating room floor, and both legs were
sterilely prepared and draped. A conven-
tional, radiolucent table was used for each
surgery. A straight incision beginning ap-
proximately 2 cm posterior and 1 cm dis-
tal to the anterior superior iliac spine and
extending distal and slightly posterior for
a total of 10 cm was made. The interval
between the tensor fascia latae and the
sartorius was developed superficially,
and a cobra retractor was placed over
the superolateral aspect of the femoral
neck. The sartorius and underlying rectus
femoris were retracted medially using a
Hibbs retractor, and the iliopsoas and the
reflected head of the rectus femoris were
elevated off the anterior capsule.

Hemostasis, including cauterization
of the lateral femoral circumflex vessels,
was obtained, and an anterior capsulotomy
was created for exposure of the femoral
head and neck. Using intraoperative fluo-
roscopy, the neck resection was performed
at the templated location with the femo-
ral head still located in the acetabulum.
A second resection was performed at the
subcapital region of the femoral head, and
the interposed femoral neck and head were
removed separately using a threaded Stein-
mann pin. Intraoperative, anteroposterior
(AP) fluoroscopy was used during acetabu-
lar preparation to determine the appropriate
alignment and medialization of the acetab-
ular reamer. No external alignment guides
were used to determine the acetabular
alignment other than the insertion handle’s
position relative to the floor in the sagittal
plane (operative anteversion) and the han-
dle’s position relative to the horizontal axis
in the coronal plane (operative abduction).”
During impaction of the trial and final
acetabular implants, AP fluoroscopy was
again used to assess alignment and medial-
ization of the component. At the surgeon’s
discretion, fluoroscopic views were printed
and transparent templates were overlaid as
a secondary check to confirm appropriate
acetabular alignment.
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Table

Primary Diagnosis of Patients Undergoing

Total Hip Arthroplasty in Each Cohort

No.
Direct Posterolateral  Posterolateral-

Primary Diagnosis Anterior Conventional navigated
Osteoarthritis 106 104 95
Rheumatoid arthritis 1 2 4
Developmental dysplasia 2 3 4

of the hip
Avascular necrosis 1 1 6
Prior femoral neck or 0 0 1

intertrochanteric fracture

In the posterolateral-conventional co-
hort, the patient was placed in the lateral
decubitus position, with both surgeons us-
ing the same surgical technique and exter-
nal alignment guide. During positioning of
the patient, care was taken to ensure that the
pelvis and torso were aligned perpendicular
to the operating room table and floor. Ac-
etabular preparation was performed in the
standard fashion, with reaming performed
in the intended direction of acetabular ab-
duction and anteversion. During placement
of the trial and final acetabular implants, an
X-bar—type, external alignment guide was
used to assist with positioning of the com-
ponent (Figure 1). Alignment of the longi-
tudinal axis of the X-bar with the longitu-
dinal axis of the patient assists with setting
the operative anteversion of the acetabular
component (if aligned, the operative ante-
version is 20°). In addition, the relationship
between the longitudinal axis of the X-bar
with the operating room table assists with
setting the operative abduction of the ac-
etabular component (if parallel, the opera-
tive abduction is 45°). At their discretion,
each surgeon used intraoperative anatomic
landmarks, such as the transverse acetabu-
lar ligament, pubis, and amount of lateral
under- or overcoverage of the acetabular
component (based on preoperative tem-
plating), to guide acetabular alignment.

< M' g
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Figure 1: Photograph of an X-bar type, external align-
ment guide used for positioning of the acetabular
component in the conventional posterolateral cohort.
Alignment of the longitudinal axis of the X-bar (line
B) with the longitudinal axis of the patient sets the
acetabular component anteversion to 20°. (Reprinted
from Journal of Arthroplasty, 25[6], Minoda Y, Ohzo-
no K, Aihara M, et al. Are acetabular component align-
ment guides for total hip arthroplasty accurate? 986-
989, Copyright 2010, with permission from Elsevier.)

In the posterolateral-navigated cohort,
an imageless computer-assisted surgery
system (AchieveCAS, Smith & Nephew
Inc) was used intraoperatively in all pa-
tients. Before positioning the patient in
the lateral decubitus position, 2 Steinmann
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Figure 2: Postoperative anteroposterior radiograph showing placement
of the pelvic gridlines and referencing of the femoral head, acetabular
component, and inner rim for Einsel-Bild-Roentgen analysis.

pins were placed in the iliac crest for the
placement of a pelvic array, and landmark
registration of the anterior pelvic plane was
performed (both the anterior superior iliac
spine and the pubic symphysis). The patient
was then placed in the lateral decubitus po-
sition to perform a standard, posterolateral
exposure. Before acetabular preparation,
the articular surface of the acetabulum was
registered using the tracking pointer to de-
termine the native acetabular center and na-
tive alignment. During acetabular prepara-
tion and placement of the final acetabular
implant, a tracking array was placed on the
insertion handle, enabling the navigation
system to register and display the acetabu-
lar abduction and anteversion based on the
anterior pelvic plane. The surgeon used the
adjusted anteversion function, accounting
for pelvic tilt, to guide alignment of the ac-
etabular component. Intraoperative radio-
graphs or fluoroscopy were not used in any
of the patients in the posterolateral-navigat-
ed or posterolateral-conventional cohorts.
For each patient, the postoperative
radiographic abduction and anteversion
of the acetabular component as defined
by Murray® were assessed using AP ra-
diographs of the pelvis (PACS; Sectra
Imtec AB, Linkoping, Sweden). These
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radiographs were ob-
tained at each patient’s
first postoperative
clinic visit (typically 6
weeks postoperatively).
Einsel-Bild-Roentgen
analysis (EBRA) was
used to measure the
acetabular component
abduction and antever-
sion as previously de-
scribed by Biedermann
et al? The contours
of the pelvis are first
marked using defined
grid lines to calculate
the pelvic position at
the time of radiograph
exposure. Sequentially,
the projection of the
spherical femoral head and the elliptical
cup are marked using 4 reference points
for the femoral head, 4 reference points
for the outer surface of the cup, and 3
reference points for the inner rim of the
cup (Figure 2). Accounting for the femo-
ral head and acetabular component sizes,
EBRA then calculates the spatial position
of the center of the cup in relation to the
plane of the radiograph and the pelvic po-
sition.” The radiographic abduction and
anteversion are then reported. Although
initially developed to measure the migra-
tion of acetabular components, Stockl et
al** previously validated the accuracy of
measurement of anteversion and abduc-
tion of the acetabular component on a
single radiograph using EBRA analysis.
All radiographic measurements were in-
dependently measured by 2 observers
blinded to the treatment arms, and the
results were assessed for interobserver
reliability. Although the specific goal for
acetabular alignment varied among the
surgeons based on each patient’s native
anatomy and surgical approach, all ac-
etabular components were implanted with
the intent of being within the safe zone de-
scribed by Lewinnek et al'® (40°%=10° of
radiographic abduction and 15°*10° of
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radiographic anteversion). Surgeons using
the posterolateral surgical technique also
considered the concept of combined fem-
oral and acetabular version during acetab-
ular positioning, but, again, all acetabular
components were implanted with the goal
of being within Lewinnek’s safe zone.

All data were collected and analyzed
using Microsoft Excel software (Micro-
soft Corporation, Redmond, Washington).
Statistical comparisons between the 3 co-
horts were performed using 1-way analy-
sis of variance with statistical significance
set at P less than .05.

The number of outliers in each cohort,
with respect to acetabular abduction and
anteversion, were determined. An outlier
was defined as an acetabular component
having either an abduction or anteversion
alignment outside its respective safe zone.
Fisher’s exact test was used to compare
the number of abduction and anteversion
outliers in each cohort, with statistical
significance set at a P value less than .05.
Furthermore, Fisher’s exact test was used
to compare the number of outliers for each
of the 2 surgeons in both the anterior and
posterolateral-conventional cohorts. This
was done to determine if 1 surgeon was
accountable for more outliers than the
other in each respective cohort.

Interclass correlation coefficients for
postoperative radiographic measurements
were graded using previously described
semiquantitative criteria: excellent for .9
=P=1.0, good for .7=P=.89, fair/mod-
erate for .5<P=.69, low for .25<P=< .49,
and poor for .0s<P<.24.%

Because 110 patients were available
for review in each cohort, a post hoc pow-
er analysis showed that the minimal effect
size detectable with appropriate power
(beta level=0.80, alpha level=0.05) was
a 14% difference in the number of outliers
for both acetabular abduction and antever-
sion between the cohorts.

RESULTS
The mean age of the patients in the
posterolateral-navigated cohort was sig-
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nificantly younger than in the anterior
or posterolateral-conventional cohorts,
with a mean age of 58.6*+11.7 years vs
66.7+11.9 years and 66.8*+11.1 years,
respectively (P=<.01). No statistically sig-
nificant difference was appreciated in the
mean body mass index of the 3 cohorts
(29.8+6.5 kg/m?, 28.3+5.8 kg/m?, and
27.4%5.9 kg/m?, respectively; P=.1).

The mean acetabular abduction was
39.2°+6.6° in the anterior cohort, which
was significantly less than the posterolat-
eral-conventional (44.1°+5.1°) and pos-
terolateral-navigated (44.5°*3.9°) cohorts
(P<<.001); 95.5% of acetabular components
were within the safe zone for acetabular
abduction in the posterolateral-navigated
cohort vs 86.4% in the posterolateral-con-
ventional and 89.1% in the anterior cohorts.
Fisher’s exact test revealed a statistically
significant difference in the number of out-
liers for acetabular abduction between the
posterolateral-navigated and posterolater-
al-conventional cohorts (P=.03), but not
between the posterolateral-navigated and
anterior (P=.12) or posterolateral-conven-
tional and anterior cohorts (P=.68).

Mean acetabular anteversion was
21.4°£5.8° in the anterior, 20.3°*6.1°
in the posterolateral-conventional, and
20.0°*+3.3° in the posterolateral-navigat-
ed cohorts (P=.11); 95.5% of acetabular
components were within the safe zone for
acetabular anteversion in the posterolat-
eral-navigated cohort vs 79.1% in both
the posterolateral-conventional and ante-
rior cohorts. Fisher’s exact test revealed
a statistically significant improvement in
the number of outliers for acetabular an-
teversion in the posterolateral-navigated
cohort when compared with both the pos-
terolateral-conventional and anterior co-
horts (P=<.001 and P=<.001, respectively).
However, no significant difference in out-
liers for acetabular anteversion was seen
between the posterolateral-conventional
and anterior cohorts (P=1.0).

In the posterolateral-navigated cohort,
90.9% of acetabular components were
within the safe zone for both acetabular
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abduction and acetabular anteversion vs
70.0% in the posterolateral-conventional
and 68.2% in the anterior cohort. Fisher
exact tests revealed a statistically signifi-
cant improvement in the number of out-
liers for either abduction or anteversion
in the posterolateral-navigated cohort vs
both the posterolateral-conventional and
anterior cohorts (P=<.001 and P=.001,
respectively). However, no significant
difference was observed between the
posterolateral-conventional and anterior
cohorts (P=.88).

No significant difference existed in the
proportion of outliers between the 2 sur-
geons in the anterior cohort for either ac-
etabular abduction or anteversion (P=.6
to 1.0). Similarly, there was no significant
difference in the proportion of outliers be-
tween the 2 surgeons in the posterolateral-
conventional cohort for either acetabular
abduction or anteversion (P=.14 to .30).
The interobserver correlation for acetabu-
lar abduction was excellent with a value of
0.91, whereas the correlation for acetabu-
lar anteversion was good with a value of
0.86.

DISCUSSION

The orientation of the acetabular com-
ponent in THA has significant effects on
the clinical outcome because acetabular
component malpositioning can increase
the rate of bearing surface wear and pre-
dispose a patient to instability.>*228 Most
commonly, external alignment guides are
used to aid with component positioning.
However, Callanan et al’ showed in a se-
ries of 1823 THAs performed at a tertiary
care facility that 50% of the components
were within the safe zone for both ac-
etabular abduction and anteversion. The
desire for increased alignment accuracy
stimulated the development of computer-
assisted techniques, which have shown
superior results. 41517192930 Recently, it
has been suggested that the anterior ap-
proach to THA may also improve ac-
etabular component alignment because
intraoperative fluoroscopy is used to aid

with component placement. However, this
study shows that the use of intraoperative
fluoroscopy with the anterior approach
does not improve acetabular compo-
nent alignment when compared with the
conventional, posterolateral technique,
whereas computer-assisted navigation re-
mains the most accurate method.

Matta et al?®® previously reported a
series of 494 primary THAs performed
via the direct anterior approach using in-
traoperative fluoroscopy. Radiographic
analysis showed a mean abduction angle
of 42° with 96% between 35° and 50°
and a mean anteversion angle of 19° with
93% within the target range of 10° to 25°.
In this study, the anterior approach tech-
nique was unable to reproduce these re-
sults, with 89.1% of components having
an abduction angle between 30° and 50°
and 79.1% of components having an ante-
version angle between 5° and 25°.

Each surgical technique described is
subject to sources of error and technical
obstacles. With the anterior approach, the
use of intraoperative fluoroscopy can be
subject to error because subtle rotations
of the pelvis can affect the fluoroscopic
views obtained, and it may be difficult
to obtain a single fluoroscopic view of
the entire pelvis to assess component ori-
entation. Regarding the use of computer
navigation, this technique depends on the
appropriate registration of anatomic land-
marks (which may be more difficult in
obese patients) and thus is subject to vari-
ability. Lastly, external alignment guides
(as with the posterolateral-conventional
technique) are also susceptible to error
because they rely on appropriate patient
positioning, and intraoperative pelvic and
body motion can affect their accuracy.
However, despite these limitations, over-
all the results achieved in all 3 cohorts in
this study were comparable or superior
to those reported by Callanan et al,” who
noted only 63% of acetabular cups to be
within the abduction range and 79% of
acetabular cups to be within the antever-
sion range.
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However, there are several limitations
to this study. First, although all acetabu-
lar components were placed with the in-
tent of being within the safe zone for both
abduction and anteversion, each surgeon
may intraoperatively decide to adjust his/
her intraoperative goal for alignment on
a case-by-case basis. Unfortunately, each
surgeon’s intraoperative goal for alignment
was not recorded although each surgeon
did intend for each acetabular component
to be within Lewinnek’s safe zone.!* A
second limitation is that only 2 surgeons
were included in both the anterior and
posterolateral-conventional cohorts, and 1
surgeon was included in the posterior-nav-
igated cohort. Therefore, given the limited
number of surgeons included in this study,
the results obtained can be affected by each
surgeon’s technique.

All surgeons included in this study spe-
cialize in adult reconstruction and have a
significant amount of clinical experience
using their respective surgical techniques.
Therefore, comparing the results of these
high-volume arthroplasty surgeons may in-
dicate whether a difference in accuracy in
acetabular component alignment truly ex-
ists. Furthermore, there was no significant
difference in the proportion of outliers con-
tributed by each surgeon in the anterior and
posterolateral-conventional techniques, in-
dicating that each surgeon obtained a simi-
lar degree of accuracy. Lastly, all measure-
ments were performed using AP pelvis
radiographs and EBRA analysis. Although
this is a validated method for measuring
both acetabular abduction and anteversion,
3-dimensional analysis using computed to-
mography might provide more precise re-
sults.> However, despite these limitations,
this study shows that the use of intraopera-
tive fluoroscopy with the anterior approach
does not decrease the incidence of outliers
in component alignment compared with
the conventional, posterolateral technique,
whereas the use of computer navigation
significantly improves the accuracy of ace-
tabular component positioning. @
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