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Abstract
Purpose Cup positioning is important for optimum hip stability, avoiding component impingement and decreasing both bearing
surface wear and revision rate. Transitioning from posterior approach in a lateral position to direct anterior approach (DAA) in a
supine presents unique challenges for surgeons. The aim of this study was to examine the learning curve when using standard
instrumentation that was not specific to DAA.
Methods A consecutive retrospective series of 537 total hip arthroplasty by DAA from May 2013 to December 2017. Cup
positioning was analysed on radiographs and classified whether inside or outside two safe zones (inclination 30–50° and
anteversion 10–30°). The demographic data (age, BMI, gender, neck shaft angle (NSA)), surgeon’s dominant side and experience
were assessed as risk factors.
Results Eighty per cent of cups (n = 426) were in the combined safe zones. Eighty-eight per cent (n = 470) were in appropriate
anteversion and 87% (n = 463) abduction. Two factors that were significant were identified: Cups of left hips operated by right-
handed surgeons were more anteverted (OR = 4.06) and more vertical (OR = 2.23); females had a higher anteversion of the cup
(OR = 2.42). Obesity, age and NSAwere not risk factors for cup malposition. There was a spike of cups too horizontal at the
beginning of the experience (OR = 3.86), and no learning curve was observed in the other orientations.
Conclusion With our DAA technique using standard instrumentation, there were no risk factors linked to the patient identified for
cup malposition. DAA-specific instrumentation is not required to achieve optimum positioning of the cup. Surgeon has to be
aware of an excess of abduction at the beginning of his experience and an excess of anteversion and adduction when performing
THA on the opposite side of his dominant hand.
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Introduction

Globally the posterior approach (PA) to THA has become the
most common for total hip arthroplasty (THA) [1]. One of the
main advantages of PA is the excellent exposure of the hip
joint with the ability to extend proximally into the pelvis or
distally along the femur as required to achieve optimum re-
construction, implant positioning and fixation. The ability to
extend the exposure of DAA is technically demanding [2] and
may be considered a risk for increasing the learning curve of
optimum implant positioning when transitioning from PA.

An optimal acetabular position to decrease the dislocation
risk was described by Lewinnek [3] as a safe zone (SZ) of
inclination 40° ± 10° and anteversion of 15° ± 10°. Apart from
dislocation risk, cup malpositioning is an important cause of
component impingement, accelerated bearing surface wear
and an increased revision rate [4]. Globally THA instability
is reported from 0.3 to 10% in studies and joint registries [5,
6]. Acetabular component positioning within SZ alone will
not prevent dislocation. Abdel and Reize reported that 58%
of their dislocated hips had a cup in the SZ [7, 8]. Other
considerations than anteversion and inclination have been
found to lower dislocation risk such as matching the femoral
neck version to acetabular anteversion [9], increasing the fem-
oral head size [10], using a dual mobility cup [11] or changing
the surgical approach [12, 13].

Direct anterior approach (DAA) is described in the litera-
ture as a soft tissue protecting approach [14] that decreases the
risk of dislocation [15] and allows rapid recovery [16, 17] with
reproducible management of leg length discrepancy (LLD)
[18]. Detractors of DAA point out the separate challenges of
optimal cup position and femoral exposure when transitioning
from PA. Instrumentation has evolved with DAA techniques
of special offset handles to aid the surgeon. We have reported

that a non-DAA-specific femoral broach with a prominent
lateral shoulder will increase the risk of varus femoral stem
alignment when compared with a DAA-specific broach with a
less prominent shoulder [19]. The influence of femoral broach
shape and specific instrumentation on alignment of the femo-
ral stem suggests that a similar situation may occur for ace-
tabular positioning as well.

Literature suggests that cup positioning in DAA has excel-
lent reproducibility. Kobayashi [20] report an accuracy around

Table 1 Patient and
Demographic data Parameters Total

THA 532

Gender (%F) 298 (56%)

Mean age (years) 66 [18–89] ± 12

Mean BMI (kg/m2)

Mean NSA (°)

26 [17–44] ± 4

131 [114–157] ± 6

Aetiology

Primitive 405 (76%)

ONFH 75 (14%)

Dysplasia 11 (2%)

DDH 18 (3%)

Other 23 (5%)

F female,BMI bodymass index,NSA neck
shaft angle, ONFH osteonecrosis of the
femoral head, DDH developmental dys-
plasia of the hip

Fig. 1 Straight acetabular reamer (a) and cup impactor (b, c) (Groupe
Lepine®, France)
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79% with a tendency of increased anteversion (mean = 28°)
when using a straight cup impactor, while Deacon [21] had an
accuracy of 96% with less anteversion (mean = 18°) when
using a DAA-specific offset cup impactor. Deacon also report-
ed that despite using an offset impactor, there was an increase
in cup inclination of obese patients.

This study aimed to assess if patient factors or the use of a
straight nonspecific cup impactor could increase the risk of
cup malposition when transitioning technique from PA in lat-
eral position to DAA in supine position.

Materials and methods

Patients

Retrospectively from May 2013 to December 2017 at our
hospital, 537 THAwere performed on 476 patients by seven
right-handed surgeons. The surgeons included one senior sur-
geon (n = 360) with more than ten years of experience in hip
surgery practiced by posterior approach and six trainee sur-
geons (n = 177) who were initially trained for five years to
practice hip surgery by posterior approach. The senior surgeon
had learned and performed the DAA technique for a year
before supervising the trainees. The inclusions included the

very beginning of their experience. The inclusion criteria for
our study were all patients with primary THA by DAA. The

Table 2 Cup positioning
Parameters Total

Number of hips 532

Mean anteversion 22 [0–78] ± 7

Anteversion SZ 470 (88%)

Mean abduction 42.4 [23–70] ± 7

Abduction SZ 463 (87%)

Global SZ 426 (80%)

Fig. 2 Diagram depicting the
number of cups inside the safe
zone

Fig. 3 a Perfect anteversion (15°) and abduction (45°) in a patient with no
risk factors (man, right size). b Excess of anteversion (35°) and adduction
(51°) in a patient with both risk factors (woman, left size). THAs operated
by the same right handed surgeon with the same implants (Quattro
acetabular cup, Targos femoral stem, Groupe Lepine®, France)
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Table 3 Multivariate analysis
Combined SZ

Inside SZ Outside SZ OR (p value)

No. of hips 426 106

Age 65 [25–89] ± 13 67 [18–89] ± 11 1.02 (0.07)

Female 231 (54%) 67 (63%) 1.35 (0.20)

Obese (BMI > 30) 87 (20%) 28 (26%) 1.43 (0.16)

Varus (NSA < 125) 69 (16%) 16 (15%) 0.82 (0.54)

Left hip 184 (43%) 63 (59%) 1.96 (0.003)

Experience* 52 (12%) 18 (17%) 1.53 (0.17)

Excess of anteversion

Good anteversion Excessive anteversion OR (p value)

No. of hips 470 45

Age 66 [18–89] ± 12 69 [32–85] ± 9 1.03 (0.12)

Female 259 (55%) 34 (76%) 2.42 (0.017)

Obese (BMI > 30) 103 (22%) 10 (22%) 1.02 (0.96)

Varus (NSA < 125) 77 (16%) 7 (16%) 0.87 (0.75)

Left hip 209 (44%) 34 (76%) 4.06 (< 0.0001)

Experience* 61 (13%) 6 (13%) 1.08 (0.9)

Lack of anteversion

Good anteversion Lack anteversion OR (p value)

No. of hips 470 17

Age 66 [18–89] ± 12 58 [27–85] ± 15 0.97 (0.11)

Female 259 (55%) 5 (29%) 0.38 (0.08)

Obese (BMI > 30)

Varus (NSA < 125)

103 (22%)

77 (16%)

2 (12%)

1 (6%)

0.48 (0.34)

0.38 (0.37)

Left hip 209 (44%) 4 (24%) 0.37 (0.09)

Experience* 61 (13%) 3 (18%) 1.68 (0.44)

Too vertical

Good inclination Too vertical OR (p value)

No. of hips 463 54

Age 65 [25–89] ± 12 66 [18–84] ± 12 1.0 (0.72)

Female 259 (56%) 32 (59%) 1.14 (0.68)

Obese (BMI > 30) 95 (21%) 16 (30%) 1.64 (0.12)

Varus (NSA < 125) 72 (16%) 11 (20%) 1.42 (0.35)

Left hip 211 (46%) 35 (65%) 2.23 (0.008)

Experience* 58 (13%) 7 (13%) 1.04 (0.93)

Too horizontal

Good inclination Too horizontal OR (p value)

No. of hips 463 15

Age 65 [25–89] ± 12 68 [39–89] ± 11 1.03 (0.22)

Female 259 (56%) 7 (47%) 0.52 (0.24)

Obese (BMI > 30) 95 (21%) 4 (27%) 1.27 (0.70)

Varus (NSA < 125) 72 (16%) 2 (13%) 0.54 (0.44)

Left hip 211 (46%) 1 (7%) 0.08 (0.02)

Experience* 58 (13%) 5 (33%) 3.86 (0.02)

* Correspond to the first 10 patients of each surgeon
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DAA is standard at our department (537DAA (88%) vs 69 PA
(12%)) unless obesity (BMI ≥ 40 kg/m2), abnormal hip anat-
omy requiring complex THA (e.g. congenital hip dysplasia),
elderly patients (over 85 years old) with osteoporosis or when
there was previous hip surgery (e.g. femoral or pelvic
osteotomy). Four patients did not have pre-operative radio-
graphs available for analysis and were excluded, and one pa-
tient died before his post-operative radiography after a pulmo-
nary embolism. At the last follow-up, 532 THA (471 patients)
were included and assessed. There were no patients lost to
follow-up. Demographic data are summarized in Table 1.

Surgical technique, instrumentation and implants

The standardized approach of Hueter Gaine was used for
all patients. The DAA was performed in supine position
with a standard operating table as described by Lustig
[22]. The acetabular cup was placed manually according
to the anatomical landmarks: The transverse acetabular
ligament was used to control acetabular depth, height
and version, and the inclination was assessed by orientat-
ing the cup flush with the roof. The anterior and posterior
horns helped for the anteversion. Fluoroscopic control
was systematically utilized. Standard straight cup reamer
and impactor (Fig. 1) were used for all cases. All shells
were cementless (Cargos (Lepine®), Quattro (Lepine®)).
Either a dual mobility or conventional liner was used.
Dual mobility cup was used in patients older than 65 years
old and if there was a high risk of dislocation (e.g. epi-
lepsy, Parkinson’s disease) [23].

Radiographic evaluation

All measurements were recorded by an independent observer
on the standing antero-posterior X-rays at two months after
surgery. Radiographic analysis included inclination and
anteversion of the cup. Anteversion was determined by the
method described by Widmer [24]. Cup abduction was the
angle between the cup axis and parallel between the inter-
teardrop line. Cup position was analysed and classified

whether inside or outside the safe zone (SZ) concerning the
inclination (30–50°), the anteversion (10–30°) or both posi-
tion (combined SZ).

Statistics

The continuous variables were averaged and reported with
standard deviation and extremes. The multinomial logistic re-
gression model to investigate the relationship between bad
positioning of the cup and patient risk factors included patient
age, gender, BMI, neck shaft angle (NSA), surgeon dominant
side and experience (the 10 first DAA for each surgeon where
compared with the rest the series). A p value < 0.05 was con-
sidered statistically significant in each analysis. The statistical
analyses were performed using XLstat (2015.1 version,
Addinsoft, France).

Results

Implant positioning

Implant positioning is reported in Table 2 and Fig. 2. Eighty
per cent (n = 426) of the cups are in the combined SZ. The
majority of cups that were malpositioned were either too
anteverted (8.5%; n = 45) or vertical (10%; n = 54).

Risk factors (Table 3)

Left hips operated upon by right-handed surgeons had a risk of
being too anteverted (OR = 4.06; p < 0.0001) and too much
vertical (OR = 2.23; p = 0.008) (Fig. 3). Being a woman was
significantly correlated to a higher anteversion (OR = 2.42;
p = 0.017). Obesity, age and varus were not correlated to any
risk. There was a spike of malposition in abduction at the
experience beginning (OR = 3.86, p = 0.02), and no learning
curve was seen in the global SZ or in other orientations
(Fig. 4).

Fig. 4 Evolution of outliers
according to the number of hip
operated. There was a spike of
cups too horizontal at the
experience beginning, and no
learning curve was observed in
the other orientations
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Discussion

The important finding of this study was the use of a straight cup
reamer and impactor by DAA achieved optimal acetabular po-
sitioning in the combined SZ of 80% cases. Of all cases, 88%
were within optimal anteversion and 87% optimal inclination.

Kobayashi et al. [20] using a straight cup impactor in DAA
concluded that the surgeon has to take care of preventing
excess anteversion, and in his series, the mean anteversion
was 27.6°. In our study, the anteversion was lower (mean =
22°) but still is greater than Deacon [21] using an offset cup
impactor (mean = 18.3°). The inclination is not impacted by
the shape of the impactor (Table 4).

Two risks factors were identified: Left hips operated by
right-handed surgeons were more anteverted and more verti-
cal, while females had more anteverted cups. The surgeons’
dominant side effect correlates with Crawford et al. [26] and
Song et al. [27]. Two papers that assess right-sided surgeons
only, Crawford had similar less outliers for right side hips in
both the DAA and direct lateral approaches. Song also had
greater accuracy for right-sided hips when comparing a pos-
terolateral approach in 46% of the left hips in the global SZ
against 62% on the right side.

Obesity, age and coxa vara were not a risk factor for mal-
position. There was only a learning curve concerning the ex-
cess of abduction, and no learning curve was found
concerning the global positioning or the other orientations.
Difficult exposure at the beginning of the learning curve in-
duced a poor visualization of anatomical landmarks used to
place the cup (transverse acetabular ligament and bony roof),
fearing the excess of adduction responsible for a higher dislo-
cation risk [28], and the surgeons tended to exaggerate the
abduction. Also, the surgeons were accustomed to PA which
is at risk of an excess of adduction due to a conflict with the
skin or the femur, especially when using a mini-posterior ap-
proach [29]. After an initial adjustment period, based on the
analysis of post-operative radiographs and the absence of dis-
locations, the surgeons corrected their gesture and put their
cups more and more vertical (Fig. 4). The learning curve is
known to be challenging in DAAwith an increase of compli-
cations at the beginning of the experience [30–32], but none of

those studies focused on a detailed modelling of the evolution
of cup position. And the radiological control during the sur-
gery avoids the important mistakes of cup positioning.
Obesity is controverted, and Deacon and Callanan had a sig-
nificant increase of malposition in that population [21, 33].
Hallert seemed to have more outliers without any significance
[34], and Todkar had no difference [35]. Attention had been
paid in our department to exclude difficult patients (obese,
aged, severe coxa vara) of the anterior approach, particularly
at the beginning of the learning curve. These patients with
high risk of complications by anterior approach were operated
by posterior approach. Probably that is why all those factors
were not recognized as risk factors in this study. Appropriate
indications are crucial to avoid major complications by ante-
rior approach.

Atkinson [36] studied in 2010 the gender differences of
native hip morphology. Females had a higher anteversion of
the native acetabulum than males (23° vs 18°). Therefore, the
difference between genders in term of anteversion can be pre-
dicted if anatomical landmarks are used to place the cup. Our
aim was to reproduce the anatomy of the patient and thus the
native acetabular anteversion.

The optimal anteversion described by Lewinnek was 10–
30°, and we have increased this by 5 in order to avoid ilio-
psoas impingement [37]. The optimal position described by
Lewinnek has been questioned over time, and several studies
report a lack of correlation between it and dislocation rate [7,
38–40]. Murphy even defined a totally new SZ based on CT
scans and found a completely different SZ (anteversion 31° ±
8°, inclination 43° ±1 2°) with a special attention that must be
paid to the anteversion [41]. Kamara [42] used the same “tar-
get zone” as we have during DAA guided by fluoroscopy with
an accuracy of 84%, while the posterior approach without
intraoperative fluoroscopy had an accuracy of 66% or guided
by a robot of 97%. Other studies report increased accuracy
with robot and navigation compared with without [43, 44].

Supine position in DAA changes the three-dimensional
orientation of the acetabulum relative to the surgeon and needs
to be taken into consideration when transitioning from the
posterior approach. For us, there are two major advantages
of the supine position; it creates less alteration of the pelvic

Table 4 Review of literature
concerning the malposition
according to the use of a straight
or an offset instrumentation in
DAA

Study Population Instrumentation Outcomes

Anteversion Inclination

Mean % in SZ Mean % in SZ

Matta et al. [25] (2005) n = 458 Offset 19.4° 93% 42° 90%

Kobayashi et al. [20] (2016) n = 75 Straight 27.6° 90% 42.2° 90%

Deacon et al. [21] (2016) n = 150 Offset 18.3° 99% 41.1° 97%

Current study n = 532 Straight 22° 88% 42.4° 87%
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orientation than the lateral decubitus position [45] and allows
intraoperative fluoroscopy which for us is the reason why
there was no learning curve for cup positioning.

One limitation of this study is that the assessment of im-
plant position was on radiograph and not on CT scan. CT is
more accurate, particularly for cup anteversion. However, a
CTscan is not recommended for routine THA follow-up. This
would have exposed study patients to increased radiation and
would not reflect common practice. To compensate those
drawbacks, single X-ray image based 2D/3D reconstruction
technique has been proved to be a great cheaper alternative
[46] and should be considered for the following studies. As a
result, the quality of the radiographs could be a second limi-
tation; however, our department X-ray technicians are special-
ized in the lower limb, and their images were assessed to
minimize error. Another limitation is that this study is retro-
spective. However, the primary aims of this study were to
assess implant position and their risk factors, which are not
influenced by retrospective analysis.

Conclusion

With our DAA technique, specific offset instrumentation was
not required to achieve optimum positioning of the cup in
DAA. There were no significant patient risk factors for cup
malposition. However, a surgeon has to be aware of an excess
of abduction at the beginning of his experience and an excess
of anteversion and adduction when performing THA on the
opposite side of his dominant hand.
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