
INTRODUCTION

Total hip arthroplasty (THA) is a routinely per-
formed surgical procedure for the management of hip 
joint arthritis. The outcomes depend on precise posi-
tioning of the implant, stability of the joint, restoration 
of patient-specific biomechanics, and achievement of 
more favorable clinical results1). 

Improper positioning of the components has been 
considered as the primary reason for most postopera-
tive complications which include impingement, frac-

ture of the ceramic liner, increased surface wear, asep-
tic loosening of components, and prosthesis dislocation, 
subsequently leading to an increased need for revision 
surgeries2-5). This ultimately results in decreased func-
tional outcomes and poor patient satisfaction in the 
long term. Positioning of the acetabular component is 
considered as the most inconsistent aspect of THA6). 

The pelvis tilts anteriorly in supine position and 
posteriorly in sitting position7). This dynamic phenom-
enon of pelvis tilting causes a decrease and increase in 
the acetabulum anteversion, respectively8) and under-
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Purpose:Purpose: Pelvis tilting in sagittal plane influences the acetabular cup position. Majority of total hip arthroplasty (THA) are 
performed in lateral decubitus surgical position. This study is to assess whether there is any difference in sacral slope between 
standing and lateral decubitus position and influence of this variation in planning acetabular cup anteversion.
Materials and Methods:Materials and Methods: This is a prospective study including 50 patients operated between January 2020 to March 2022. Pre-
operative radiograph included lumbosacral spine lateral X-ray in standing, supine and lateral decubitus positions to calculate 
the sacral slope for assessment of anterior or posterior pelvic tilting. In our study, we determined the position of the acetabu-
lar cup based on changes in sacral slope between standing and lateral decubitus postures. For patients whose sacral slope 
increased from lateral decubitus to standing, we implanted the acetabular component with a higher degree of anteversion. 
Conversely, for patients with reverse phenomenon, the cup was inserted at lower anteversion.
Results:Results: Twenty-four patients (48.0%) had increase in sacral slope from lateral decubitus to standing whereas 26 patients 
(52.0%) had decrease in sacral slope. There was linear correlation between difference in preoperative sacral slope and post-
operative cross table lateral cup anteversion. Harris hip scores improved from 40.78 to 85.43. There was no subluxation or 
dislocation in any patient at minimum 2-year follow-up.
Conclusion:Conclusion: Individualized acetabular cup placement is important for better functional outcome in THA. Evaluation of pelvic 
tilting in lateral decubitus position is necessary for better positioning of acetabular cup and avoid postoperative complica-
tions.
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standing of this spinopelvic kinematics that influence 
the stability of the body while in various positions is 
important for effective preoperative planning of THA. 
Thus, placement of acetabular components based on 
the static position of the pelvis intraoperatively can 
result in impingement despite the placement being 
in the Lewinnek safe zone8). Therefore, orientation of 
the cup in a functional safe zone based on spinopelvic 
spatial orientation is essential9,10). There is intersubject 
variance in pelvic tilt as well as intrasubject variance 
depending on the postural changes8).

The most commonly used approaches for a THA are 
posterior or postero-lateral and modified Hardinge 
approach which requires a lateral decubitus position. 
However, the literature does not explain or describe the 
sacral slope and cup version changes in lateral decubi-
tus position, which is the most frequently encountered 
position during surgery11). 

The objective of this study is to determine whether 
there is any difference in sacral slope between the 
standing and lateral decubitus position and how this 
variation in sacral slope can influence the planning for 
acetabular cup version during performance of THA.

MATERIALS AND METHODS

This study was approved by the Institutional Review 
Board approval from Busan Bumin Hospital (IRB No. 
202403-BM-021).

This is a prospective observational study that in-
cluded patients who underwent THA surgery between 
January 2020 to March 2022 in a single tertiary care 
center. Preoperative radiograph series included a pel-
vis with both hips, hip lateral and lumbosacral spine 
lateral X-ray in standing, supine and lateral decubitus 
positions for calculating the sacral slope. Sacral slope 
in lateral decubitus position was calculated again after 
positioning the patient in the operating room under C-
arm guidance. Postoperatively, acetabular cup version 
was calculated in standing lateral and cross table lat-
eral hip views.

Fifty patients with involvement of the unilateral hip 
who underwent uncemented THA between January 
2020 to March 2022 were included in this study. Exclu-
sion criteria were (1) patients undergoing bilateral or 
revision THA, (2) patients with dysplastic hips, and (3) 
patients with spinal imbalance or severe spinal disor-
ders (degenerative and congenital). All surgeries were 

performed under spinal anesthesia using a minimally 
invasive posterior approach by a single experienced se-
nior surgeon. 

In our study, we planned the position of the acetabu-
lar cup based on the change in sacral slope from lateral 
decubitus posture (surgical position) to standing (func-
tional position). In patients who showed an increase 
in the sacral slope from lateral decubitus to standing 
position, the acetabular component was implanted at 
a higher degree of anteversion to prevent anterior im-
pingement of the component and posterior dislocation, 
whereas in those with the reverse phenomenon for the 
sacral slope, the cup was inserted at lower anteversion 
values to prevent posterior impingement and anterior 
dislocation while in the functional standing position. A 
change of one degree in sacral slope corresponded with 
0.7° change in acetabulum cup version, with 30° be-
ing the mid reference value for cup version12). In such 
a case, the positioning of the implant would support 
better joint biomechanics and functional outcomes in 
terms of stability, mobility, and patient satisfaction. 
Acetabular component alignment guides from Coren-
tec®, which are set at angles of 15°, 20°, 25°, and 30°, 
were used in the study (Fig. 1).

The group included 24 males and 26 females with 
mean age of 56.33 years; the youngest patient was 24 
years old and the eldest was 81 years of age. The in-
dication for THA was primary osteoarthritis in nine 
patients, arthritis secondary to avascular necrosis of 
the femoral head in 39 patients, and post-traumatic ar-
thritis of hip joint in two patients. 

Fig. 1. Acetabular component alignment guides from Corentec® (15°, 
20°, 25°, and 30°).
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Written informed consent for inclusion in the study 
was obtained from all the patients. The parameters 
described by Lazennec et al.13) were used in the study. 
Sacral slope, which was measured in standing, supine, 
and lateral decubitus position, is defined as an angle 
formed between a line tangent to the upper end plate 
of S1 vertebra and the horizontal plane (Fig. 2).

True lateral radiographs of the lumbosacral spine 
were taken in standing, supine, and lateral decubitus 
position for each patient with the center of beam di-
rected at the L4-L5 junction and the direction of the 
X-ray beam was kept vertical to the axial line of the 
patient. Keeping the same table, all radiographs were 
obtained at a focal film distance of 1.5 m. Reproduc-
ibility of the sagittal position has been previously vali-
dated, therefore, one standard radiograph was used for 
each patient14).

Lateral decubitus position was defined as a scenario 
where both the anterior superior iliac spine and both 
the shoulders are placed in the same vertical plane, in 
the same longitudinal axis as that of the operation bed 
and perpendicular to the floor with an X-ray taken 
aligning the mid coronal plane to that of the midline 
of the X-ray grid keeping both hips flexed to 20° and 
knees flexed to 30°. The pelvic sagittal plane should 
be parallel to the floor. The entire lumbar spine along 
with the sacro-coccygeal region should be visible in the 
radiograph. 

Superimposition of the greater sciatic notches, the 
superior articulating facets and the superior and infe-
rior endplates on a radiograph indicates achievement 
of a true lateral view. 

For the standing radiograph, the subject stood in 
erect position with hip and knees extended, bare feet 

held together with symmetrical loading on both the 
feet and the upper limbs folded across the chest to 
minimize variation due to the effect of trunk posture 
on the lumbosacral spine.

An angle formed by a horizontal line in the sagittal 
plane and a line tangent to the anterior and posterior 
edges of the acetabular cup is defined as surgical an-
teversion or acetabular tilt while in standing position. 
Acetabular anteversion was measured on the lateral 
radiographs in cross table lateral position using the 
Woo and Morrey method for measurement of acetabu-
lar version in the cross table lateral position15) (Fig. 3).

The cross table lateral projection for calculating 
acetabular cup version is taken with the patient in 
supine position and the limb is rotated internally by 
15°-20°. The contralateral hip was flexed to 60° and the 
direction of the X-ray beam was parallel to the table, 
through the groin, directed 45° cephalad.

All values were measured by two observers, two 
times each, who worked independently. Measurements 
were performed using a digitized computer system 
PACS (picture archiving and communications system) 
version 5.1.3.2, Busan Bumin Hospital. 

Spinal anesthesia was administered to all patients. 
After administration of anesthesia, the patient was 
positioned in lateral decubitus position as described 
above and supported anteriorly and posteriorly by 
well-padded posts (Fig. 4). Just before surgery, a lumbo-
sacral spine lateral C-arm image was taken again in 
lateral decubitus position for assessment of the sacral 
slope and for planning final acetabular cup version 
(Fig. 5).

Following standard prepping and draping, the inci-
sion was marked for the minimally invasive posterior 

Fig. 2. Measuring sacral slope preoperatively in standing, supine, lat-
eral decubitus.

Fig. 3. Measuring sacral slope preoperatively in standing, supine, lat-
eral decubitus.
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approach, centering over the posterior edge of  the 
greater trochanter and curving it supero-posteriorly 
and extending distally approximately 3 centimeters 
in each direction. In some obese patients the incision 
can be extended if necessary for adequate exposure of 
the acetabulum. Superficial and deep dissection was 
performed. Muscle fibers of the gluteus maximus were 
split in line with the skin incision, and the trochanteric 
bursa was excised. The piriformis tendon along with 
short external rotators was cut close to the point of in-
sertion. A capsular incision was made and the hip joint 
was exposed and dislocated. The femoral neck cut was 
made. The acetabulum socket was prepared using seri-
al successive reamers until punctate bleeding occurred. 

The acetabular cup was positioned according to the 
preoperative plan based on patient specific change in 
the sacral slope from standing to lateral decubitus po-
sition between the range of 20° to 35° of anteversion. A 
mechanical standard version guide was used to assess 
the position of the acetabular component intraopera-
tively. The resulting functional cup anteversion in 
standing position would be between 25° to 30°. Femoral 
preparation was performed using a standard tech-
nique, maintaining stem anteversion at approximately 
15°. Combined anteversion was maintained between 40° 
to 50°, which was evaluated using a coplanar test16).

Following insertion of trial implants, stability was 
evaluated in all planes to ensure that there was no dis-
location or impingement. Following confirmation, final 
implants were press-fitted. 

Local anesthetic infiltration was applied around the 
capsule and muscles. Short external rotators were su-
tured along with the posterior capsule to the greater 
trochanter using the standard Ranawat technique. The 
incision was closed in layers over a drain, and a sterile 

dressing was applied. 
Postoperative care and rehabilitation were adminis-

tered according to standard protocols.
All data was recorded in an excel spreadsheet. Pear-

son’s correlation coefficient was used to determine the 
correlation of change in the sacral slope with acetabu-
lar cup version. The analysis was performed using IBM 
SPSS Statistics for Windows (ver. 20.0; IBM Corp.). A P-
value less than 0.05 was considered significant. 

RESULTS 

There was no statistically significant inter-observer 
and intra-observer variability (Table 1).

The mean sacral slope was 35.57° (range, 15.78°-53.66°) 
in standing, 30.45° (range, 12.67°-48.75°) in supine, and 

Fig. 5. Measuring the sacral slope of fluoroscopic image intraopera-
tively in lateral decubitus position.

Fig. 4. Patient is positioned in lateral de-
cubitus position (surgical position).
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34.74° (range, 9.00°-53.01°) in lateral decubitus position 
preoperatively with a mean difference of 0.83° in sacral 
slope on change of position from lateral decubitus to 
standing and of 5.12° from standing to supine position. 
This difference in sacral slope from standing to supine 
position was statistically significant with a P<0.05 and 
change of posture from standing to lateral decubitus 
was not statistically significant with P-value of 0.66. 

Twenty-six patients (52.0%) showed an increase in 
sacral slope with a minimum increase of 0.16° and a 
maximum increase of 13.84° from lateral decubitus 
to standing, while a decrease in the sacral slope was 
observed for 24 patients (48.0%), ranging from 0.44° to 
10.02° for the same change of posture. 

The difference in sacral slope between standing and 
lateral decubitus position was greater than 10° in 10 

patients (20.0%), between 5° to 10° in 14 patients (28.0%), 
and less than 5° in 26 patients (52.0%) (Table 2).

A linear correlation was observed between the differ-
ence in the preoperative sacral slope from lateral decu-
bitus to standing position and postoperative acetabular 
cup version calculated in the cross-table lateral view 
of the hip with a correlation coefficient of 0.97 (Fig. 6). 
Clinically, this means that patients with more anterior 
pelvic tilting from lateral decubitus to standing posi-
tion have shown a trend toward more postoperative 
acetabular cup anteversion calculated in cross table hip 
lateral view in our study. 

The mean acetabular anteversion postoperatively, 
in cross table lateral view was 29.78° with a standard 
deviation of 3.66º, while in standing position was 28.91° 
with a standard deviation of 8.38º. The difference in 

Table 1. Comparative Reliability of Preoperative Sacral Slope and Postoperative Cup Version Measurements in Different Positions

Preoperative sacral slope Postoperative cup version
Standing Supine Lateral decubitus Standing Cross-table lateral

Reading 1 Reading 2 Reading 1 Reading 2 Reading 1 Reading 2 Reading 1 Reading 2 Reading 1 Reading 2

Inter-observer 
reliability

0.997 0.992 0.991 0993 0.995 0.994 0.995 0.991 0.98 0.976

Intra-observer 
reliability

0.995, 0.994 0.995, 0.989 0.994, 0.996 0.992, 0.992 0.981, 0.972

P-value <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Table 2. Variability in Cup Version Based on Differences in Sacral Slope from Standing to Lateral Decubitus Position

Difference in sacral slope from lateral decubitus to standing lateral position
>10° 5° to 10° 5° to –5° –5° to –10° <–10°

No. of patients 8 6 26 8 2
Mean cup version in cross-table lateral X-ray (°) 35.33 31.90 29.26 25.60 21.94
Mean cup version in standing X-ray (°) 27.74 28.46 29.57 29.73 28.57

Fig. 6. Relationship between difference 
in sacral slope (from lateral decubitus to 
standing) versus crosstable lateral cup 
version.
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means of anteversion between the two positions was 
0.86º and was not statistically significant with a P-
value of 0.50.

Harris hip scores calculated preoperatively and post-
operatively were 40.78 and 85.43 respectively, which 
was statistically significant. No subluxation or disloca-
tion was observed in any of our patients at a minimum 
follow-up of two years.

DISCUSSION 

Instability of the hip joint has been regarded as the 
most common reason for revision THA. Therefore, ac-
curate implant positioning is regarded as a fundamen-
tal part of any arthroplasty procedure, to ensure resto-
ration of the joint biomechanics and for achievement 
of favorable results. Poor positioning is associated with 
an increased risk of impingement, subluxation/dislo-
cation, and suboptimal clinical outcomes. Currently, 
most surgeons tend to place the components according 
to standard recommended positions or anatomic land-
marks intra-op and tend to ignore the dynamic nature 
of the hip joint and its adaptability while assuming 
various body postures. 

Spino-pelvic balance, a dynamic and individualized 
phenomenon, maintains body equilibrium throughout 
the change in posture from supine to standing and 
from standing to sitting7). Co-ordinated movements oc-
curring in the spine, pelvis, and hip joint are required 
for achievement of this sagittal balance of body pos-
ture. Variations in one parameter can have a synchro-
nous effect on others and knowledge regarding the 
interplay of these factors is essential for planning of 
component positioning in THA. 

Shon et al.17), in their study concluded that move-
ments of the sagittal plane of the pelvis cannot be 
overlooked during the planning stage. Lee et al.18) em-
phasized the importance of considering spino-pelvic 
balance during cup placement to prevent dislocation 
in THA and recommended preoperative radiographs 
of the spine and hip, in both standing and sitting po-
sition for preoperative assessment of the parameters 
described above. 

Most literature provide an explanation of safe ranges 
for positioning the component in supine position, while 
according to records, maximum dislocations occur while 
in functional positions. Abdel et al.19), who examined 
patients with hip dislocation, observed that the acetab-

ular cups were placed within the Lewinnek safe zone 
in the majority of patients19,20). Therefore, knowledge of 
postural kinematics that predispose for such disloca-
tions is critical. Based on this background knowledge, 
DiGioia et al.21) described the concept of functional cup 
positioning which explains placement of the cup based 
on dynamics of the body, rather than just anatomical 
placement. Shon et al.17) suggested spine-pelvis lateral 
view in standing and supine position for analyzing 
adaptation of the acetabular cup with pelvic dynamics 
preoperatively. In addition, he also emphasized the role 
of the sagittal position of the pelvis in impingement 
and dislocation after total hip replacement17).

 As change in the sacral slope has an intimate as-
sociation with acetabular version dynamics, it is the 
simplest parameter that can be used to estimate a safe 
zone for placement of the acetabular cup. Some stud-
ies have reported on these types of changes in supine, 
standing, and sitting positions. However, although the 
most common surgical position is the lateral decubitus, 
assessment of change in the sacral slope from lateral 
decubitus to standing or supine and its impact on cup 
version has not been reported in the literature. 

Reliability of  calculating the sacral slope on ra-
diographs in various functional positions as a guide 
for assessing pelvic kinematics was highlighted in a 
study by Shon et al.8). Stefl et al.15) also regarded sacral 
slope as the most precise method of assessing dynamic 
change in spino-pelvic motion. According to Lazennec 
et al.13), although sacral slope in sitting position is more 
reliable for lumbosacral joint mechanics, standing 
measurements are also sufficient for assessment of the 
above described kinetics. Meermans et al.22) also empha-
sized the adequacy of standing position in providing 
substantial information in THA.

In our study, we calculated the difference in sacral 
slope between lateral decubitus and standing posi-
tion and the cup anteversion was planned accordingly. 
Twenty-six patients had cup insertion at ≥28° (The me-
dian value obtained in our study.) as the sacral slope 
increased from lateral decubitus to standing position. 
In addition, in twenty-four patients with a decrease 
in the sacral slope from lateral decubitus to standing 
position, the cup version was maintained below 28°. 
We also propose that patients with greater cup version 
have a more stable hip joint with optimum mobility 
during performance of daily activity in the Asian life-
style. None of our patients presented with signs of de-
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finitive impingement or subluxation/dislocation of the 
hip joint within a minimum follow-up period of two 
years. The Harris hip scores improved from a mean of 
40.78 preoperatively to 85.43 postoperatively.

In contrast to the Lewinnec safe zone proposition for 
positioning of the acetabular cup between 15°±10°, Mc-
collum and Gray23) proposed that the hip is most stable 
when allowing a physiological range of motion when 
the cup is positioned at 30°-50° abduction and 20°-40° 
of flexion. They did not observe any subluxation or 
dislocation in their patients during a six-year follow-up 
period15,23).

No outlier was observed in terms of implant position-
ing despite use of a minimally invasive postero-lateral 
approach in all patients. This could be due to the 
surgeon’s experience in the field of hip arthroplasty. 
According to Callanan et al.24), the results of analy-
sis showed that the surgical approach was the only 
surgeon-related factor associated with cup malrotation 
and a minimally invasive approach was the least accu-
rate. 

According to a study reported by Brown et al.11), even 
use of intraoperative radiographs for assessment of 
component position was not reliable and beneficial, 
thus, its routine use is not recommended during perfor-
mance of THA. Otero et al.6) observed wide fluctuations 
in pelvic alignment between preoperative anteropos-
terior and intraoperative lateral decubitus position X-
rays. However, the limitations of their study were that 
they did not perform testing of inter-observer reliabil-
ity of the method of measurement or even attempt to 
isolate the source of error as X-rays were not taken at 
the time of patient positioning before surgery6). These 
limitations were addressed in our study through test-

ing of interobserver variability and taking X-rays prior 
to start of surgery after positioning the patient on the 
operating table.

Lazennec et al.25) observed bidirectional variations in 
sacral tilt from change in position from standing to su-
pine position, which was also observed in our study.

Uemura et al.26), who also analyzed pelvic sagittal 
inclination in 422 patients, reported change up to 36.9° 
from change in supine to standing position. Similar 
to their results, fluctuation less than 10° was also 
observed for 40 patients (80.0%) in our study26). Com-
parative analysis was performed to observe the varia-
tions of sacral slope in different functional positions 
including standing, sitting, and supine as described in 
previously reported literature; lateral decubitus posi-
tion was used as a reference position in our study8,27-32) 
(Table 3). Another study by Hepinstall et al.33) us-
ing robotic technology reported that consideration of 
preoperative functional pelvic position may result in 
improved postoperative placement of a functional ac-
etabular component in THA. The fact that positioning 
of the patient during surgery can cause changes in 
rotation of the pelvis is a limitation of our study. How-
ever, this limitation can be controlled by proper fixing 
of the anterior and posterior preoperatively, asking the 
assistant to examine and correct pelvic rotation during 
surgery or by use of C-arm guidance. Despite obtaining 
good intra-observer and inter-observer reliability, some 
errors in measurement that could not be excluded 
could have occurred. Another limitation was the small 
sample size and short-term follow-up.

Table 3. Comparison of Sacral Slope in Various Positions in Previous Studies

Study
Sacral slope

Standing (°) Sitting (°) Supine (°) Lateral (°)

Our study 35.57±8.31 - - 34.74±10.41
Shon et al.8) (2008) 35.3 (13.4 to 50.5) 14.9 (–25.6 to 40.1) 40.9 (11.4 to 52.6) 30.2 (15.5 to 51.2)
Chevillotte et al.27) (2018) 37.1±6.3 11.3±10.8 41±7.2 -
Watanabe et al.28) (2021) 38±8.7 15±14 - -
Sun et al.29) (2022) 34.8±7.1 (13.5 to 52.3) 19.9±8.5 (0.9 to 42) - -
Philippot et al.30) (2009) 42.4±12.6 21.2±11.6 43.9±11.1 -
Sari-Ali et al.31) (2005) 39.4 18.7 - -
Eddine et al.32) (2001) 41.7 - 45.7 -

Values are presented as mean±standard deviation, mean (range), mean±standard deviation (range), or mean only.
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CONCLUSION 

Precise and individualized acetabular cup version 
is important for achievement of more favorable func-
tional outcomes in THA and to minimize postoperative 
complications of variance in pelvic tilt between stand-
ing, supine, and lateral decubitus position. Therefore, 
evaluation of pelvic tilting in lateral decubitus position 
is required preoperatively, particularly for patients 
undergoing THA using a posterior or postero-lateral 
approach and a modified Hardinge’s approach. 

To examine the dynamics in pelvic tilt described 
above, we recommend obtaining standing, supine, and 
lateral decubitus sagittal views preoperatively and ob-
taining another lateral decubitus radiograph after po-
sitioning the patient, prior to surgery intraoperatively 
under C-arm guidance to determine the difference in 
sacral slope and to minimize intra and inter-subjective 
variability.
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