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Restoring hip biomechanics during the learning curve of a novice surgeon: 
Direct anterior approach vs posterior approach 
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A B S T R A C T   

Introduction: It remains controversial whether the direct anterior approach (DAA) or the posterior approach (PA) 
allows better restoration of hip biomechanics after total hip arthroplasty (THA). Besides, it is not certain which 
approach is best for a novice surgeon to avoid implant malposition, neither during the learning curve nor once 
the curve plateau has been reached. 
Methods: We performed a retrospective cohort study of THAs operated on between 2014 and 2019 by a single 
novice surgeon (DAA, n = 187; PA, n = 184). The surgeon used both approaches, and thus went through parallel 
learning curves. 
Results: While the DAA presented a greater number of acetabular cup implantations within Lewinnek’s “safe 
zone” for inclination (84.5% vs. 79.3%; p = 0.003), the PA returned superior results for anteversion (77.7% vs. 
68.4%; p = 0.000). The PA showed a tendency to verticalize acetabular cups, while the DAA tended to antevert 
them. The DAA resulted in fewer patients with leg length discrepancy (3.2% vs. 8.2%, p = 0.041). No differences 
were found in stem coronal alignment or femoral offset. 
Conclusion: Both approaches are safe and reliable for restoring hip biomechanics through THA surgery during the 
learning curve of a novice hip surgeon. Similar radiological outcomes are also seen once the surgeon has reached 
the learning curve plateau.   

1. Introduction 

The primary goal in total hip arthroplasty (THA) is full restoration of 
original hip biomechanics.1,2 Correct implant positioning, orientation 
and alignment which reproduces native anatomy is linked to functional 
recovery, joint stability, low complication rate, and implant 
longevity.3–8 

The posterior approach (PA) is broadly used because of its history of 
yielding favorable results, its extensive surgical exposure, and the short 
learning curve for its performance.9,10 Nevertheless, it produces less 
favorable early function and pain outcomes than the DAA, and is asso
ciated with a higher dislocation rate.11–14 

In contrast, the direct anterior approach (DAA) is less popular, 
largely because of its narrow surgical exposure and its lengthy learning 
curve.10,12 Nevertheless, it is increasing in popularity among both sur
geons and patients because it seems to offer superior early functional 
and pain outcomes, due to its muscle-sparing nature.9,11,15 Its 

dislocation rate is also favorable.12–14 

It remains controversial whether the DAA or the PA results in better 
restoration of a patient’s original hip biomechanics. Some authors assert 
that DAA better restores hip biomechanics11,13,16,17; others insist the PA 
is superior in this regard.18–20 Some studies have found no significant 
difference in outcomes between the two approaches.21,22 Concern also 
exists regarding reports of greater incidence of acetabular anteversion in 
DAA cases.16,23 

To the best of our knowledge, no previous article has focused on 
comparing THA restoration of hip biomechanics between the DAA and 
the PA, in the hands of a novice hip surgeon. Thus, it is not known which 
approach should be recommended for novice surgeons to avoid implant 
malposition, neither during the learning curve nor once the curve 
plateau has been reached. 

* Corresponding author. Orthopedic Surgery Department, Vall d’Hebron University Hospital, Universitat Autónoma de Barcelona Departament de Cirurgia, Pg. Vall 
d’Hebron 119-129, 08035, Barcelona, Spain. 

E-mail address: opujol@vhebron.net (O. Pujol).  

Contents lists available at ScienceDirect 

Journal of Orthopaedics 

journal homepage: www.elsevier.com/locate/jor 

https://doi.org/10.1016/j.jor.2021.07.014 
Received 14 May 2021; Accepted 11 July 2021   

mailto:opujol@vhebron.net
www.sciencedirect.com/science/journal/0972978X
https://www.elsevier.com/locate/jor
https://doi.org/10.1016/j.jor.2021.07.014
https://doi.org/10.1016/j.jor.2021.07.014
https://doi.org/10.1016/j.jor.2021.07.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2021.07.014&domain=pdf


Journal of Orthopaedics 26 (2021) 72–78

73

2. Material and methods 

2.1. Study design 

After institutional review board approval, we performed a retro
spective cohort study. Using our prospective institutional database, we 
identified all patients who had undergone THA between January 2014 
and December 2019 in our level-one healthcare center. All participants 
provided informed consent. Only patients operated upon by a specific 
surgeon (B. V.) were selected for the study. This surgeon began his 
practice in THA in 2014, in our hospital’s hip unit. He used both the DAA 
and the PA indistinctly. As a novice surgeon, he acquired experience 
with both approaches simultaneously, and thus went through parallel 
learning curves. This circumstance afforded us the opportunity to 
investigate for differences in implant positioning between a novice’s 
DAA and PA surgeries, throughout the course of his learning curve for 
each technique. 

Patients were divided into two cohorts according to the approach 
used in THA: DAA or PA. Patients in each cohort were also classified into 
three consecutive chronological periods (Fig. 1). The third and final 
period began at the point where we considered the surgeon to have 
reached the learning curve plateau for a given approach: following 
completion of 120 cases using that approach.24,25 

To determine whether outcome differences observed over the course 
of the surgeon’s learning curve continued once he had reached the 
learning curve plateau for each approach, patient subgroups treated 
during the final period were compared separately. 

2.2. Studied parameters 

Data regarding demographics, surgical parameters and radiological 
outcomes were collected preoperatively, intraoperatively and during 
follow-up, using digital medical records. 

Radiographic measurements were performed using the preoperative 
anteroposterior radiograph of the pelvis, and also the last strict ante
roposterior radiograph available during follow-up. The digital tem
plating program TraumaCad® version 2.0 (BrainLab, Feldkirchen, 
Germany) was used for the analysis. Radiological parameters were 
measured by three orthopedic surgeons. 

Radiological outcomes analyzed were acetabular cup inclination and 
anteversion, stem coronal alignment, femoral offset (FO) and lower limb 
discrepancy (LLD) (Fig. 2). We considered an implant to have been 
correctly implanted (restoring hip biomechanics) if the acetabular cup 
was implanted within Lewinnek’s safe zone (inclination 40◦ ± 10◦, 
anteversion 15◦ ± 10◦),3,4 and with stem coronal alignment neutral 
(0◦±3◦).5,16,20,26 We also evaluated FO restoration compared to the 
contralateral hip (accepting ±5 mm as correctly implanted),6–8 and LLD 

(±10 mm).2 

2.3. Statistical analysis 

Demographic factors and clinical characteristics were summarized as 
counts and percentages for categorical variables. Means were calculated 
for continuous variables. Normality was tested using the Kolmogorov- 
Smirnov test. Groups were compared using the χ2 test or Fisher’s 
exact test for categorical variables, depending on normality. Continuous 
variables were evaluated with the student’s T test. A binary logistic 
regression analysis was conducted to look for a possible association 
between variables. All p values were two-tailed. A p-value < 0.05 was 
considered statistically significant. Statistical analysis was performed 
using SPSS® v.27.0 software (IBM, Armonk, NY, USA). 

2.4. Surgical technique 

The DAA was performed using the distal part of the Smith Petersen 
approach, through the intermuscular plane between the sartorius and 
the tensor fascia latae, in supine position and without traction table. The 
ilioinguinal ligament, iliopubic ligament and superior capsule were 
released in order to mobilize the femur. The transverse acetabular lig
ament was used as a guide for version. Femoral stem implantation was 
prepared with the hyperextended, adducted and externally rotated hip 
under the contralateral leg (“four-leg position”). 

The PA was performed in the lateral position, requiring division of 
hip external rotators and posterior capsule. The transverse acetabular 
ligament was also used as a guide for version. The posterior capsule and 
external rotator muscles were sutured back together using a transosseus 
technique. 

In both approaches the cup was implanted aiming for a 40◦ incli
nation angle and 15◦ anteversion angle, a 15◦ femoral anteversion angle 
and neutral coronal alignment. Acetabular cups were not cemented. The 
most frequently used implants were U-Motion II® (United Orthopedic 
Corporation, Taipei, Taiwan) and Delta® (Lima Corporate, San Daniele, 
Italy). 75.1% of the stems in this study were not cemented. The most 
frequently used implants were the UTF® (United Orthopedic Corpora
tion, Taipei, Taiwan), Fitmore® (Zimmer Biomet, Warsaw, USA), and H- 
Max® (Lima Corporate, San Daniele, Italy). 

After surgery, patients followed our post-operative rehabilitation 
protocol. Full, unrestricted weight bearing was allowed as tolerated. 
Patients were either discharged home or transferred to a rehabilitation 
ward, based on their functionality and home support. 

3. Results 

The DAA and PA approaches were used to implant a THA in 187 and 
184 patients, respectively. In the DAA group 63/187 (33.7%) were 
women; mean patient age was 64.3 ± 0.9 years. In the PA group 107/ 
184 (58.2%) were women; mean patient age was 65.9 ± 1.1 years. Pa
tient demographic characteristics are shown in Table 1. Mean follow-up 
was 36.6 months in the DAA group and 42.5 months in the PA group. 

In studying postoperative radiological outcomes, we found acetab
ular cup inclination and anteversion showed statistically significant 
differences between groups (Fig. 3). While the DAA was associated with 
more acetabular cups implanted within Lewinnek’s safe zone for incli
nation (84.5% vs.79.3%; p = 0.003), the PA produced better results with 
regard to the anteversion safe zone (77.7% vs.68.4%; p = 0.000). The PA 
showed a tendency to verticalize the acetabular cups (19.6% vs.13.5%), 
and the DAA to antevert them (31% vs.14.7%). Statistically significant 
differences in LLD were also found. Finally, the DAA resulted in fewer 
patients with LLD greater than 10 mm (3.2% vs.8.2%, p = 0.041). 

No statistically significant differences were seen between groups in 
terms of stem coronal alignment and FO. Neutral stem coronal align
ment was found in 78.1% of implants in the DAA group, 80.4% in the PA 
group (p = 0.761). With regard to FO differences, in 52.4% of the DAA Fig. 1. Patient flow diagram.  
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cases, the difference in offset between the operated and contralateral 
legs was ± 0 to 5 mm; in 26.7%, the difference was ± 6 to 10 mm. In PA 
cases, the percentages were 49.5% and 25.0%, respectively (p = 0.564). 

Postoperative radiological outcomes are shown in Table 2. The 
radiological outcomes of both patient subgroups operated on during the 
final study period (67 DAA-THA and 64 PA-THA) are shown in Table 3. 

When comparing outcomes between the main groups and between the 
final period’s groups, results were quite similar. Although in some cases 
statistical significance was lost (probably caused by the reduction of 
statistical power), distribution of results and tendency of the compari
sons were similar. This suggests that the differences between approaches 
observed during the learning curve periods were maintained once the 
learning curve plateau was reached. 

4. Discussion 

The results of our study support the idea that both approaches (DAA 
and PA) are safe and reliable in restoring hip biomechanics after THA 
surgery during the learning curve of a novice hip surgeon. They present 
similar postoperative radiological outcomes, though some peculiarities 
of each approach should be highlighted. While no differences were 
found in stem coronal alignment and FO, statistically significant dif
ferences were observed in acetabular cup inclination and version, and in 
LLD. The PA showed a tendency to verticalize acetabular cups, and the 
DAA to antevert them. Further, there were fewer patients with LLD 
higher than 10 mm following DAA. 

4.1. Acetabular version 

In our study, the PA was associated with more acetabular cups 
showing version within the Lewinnek safe zone (77.7% vs. 68.4%; p =
0.000). The DAA showed a tendency to antevert them (31% vs. 14.7%) 
(Fig. 3). 

Fig. 2. Postoperative radiographic evaluation. Stem coronal alignment is the angle formed by the solid black lines (<1◦). Femoral offset (FO) measurement is 
denoted by the dashed white line (48 mm). Acetabular inclination corresponds to the angle formed by dashed black lines (39◦). Acetabular version is measured 
through the grey ellipse (19◦). 

Table 1 
Baseline characteristics of patients.  

Demographic variable DAA Group PA Group 

Number of patients 187 184 
Primary osteoarthritis 

as indication 
criteria (nº (%)) 

164 (87.7%) 148 (80.4%) 

Modified Harris Hip 
Score (mean ±
standard deviation) 

45.1 ± 1.0 42.2 ± 1.2 

Age (years) 
(mean ± standard 
deviation) 

64.3 ± 0.9 65.9 ± 1.1 

Gender (Female:Male) 63:124 (34%:66%) 107:77 (58%:42%) 
Laterality (Left:Right) 88:99 (47.1%:52.9%) 83:101 (45.1%:54.9%) 
ASA Score (I:II:III:IV) 12:115:58:2 

(6.4%:61.5%:31%:1.1%) 
13:103:67:1 
(7.1%:56%:36.4%:0.5%) 

Body Mass Index 
(mean ± standard 
deviation) 

26.4 ± 0.3 30.4 ± 0.4 

Diabetes (nº (%)) 20 (10.7%) 38 (20.7%) 
Smoking (nº (%)) 44 (23.5%) 33 (17.9%)  
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This propensity has previously been reported in the literature.27,28 

Chen et al.23 reported that 10% of DAA hips were placed outside the safe 
zone for anteversion, and recommended being mindful of this tendency 
and adjust implant positioning accordingly when using this approach. 
Kobayashi et al.16 maintained that cups could be positioned with an 
anteversion angle greater than their target angle, by as much as 69.3%. 
Interference of the impactor with the femur forces the surgeon to raise 

his hands, placing the cup in anteversion.16 Consequently, sufficient soft 
tissue release, appropriate neck osteotomy level, use of a curved offset 
impactor and lowering the hands with the impactor are recommended. 
Use of anatomic landmarks such as the transverse acetabular ligament 

Fig. 3. Scatterplot depicting version and inclination of the acetabular cups in THA through the DAA and PA. The black rectangle delimits the outcomes inside 
Lewinnek’s safe zone. 

Table 2 
Postoperative radiological outcomes.  

Postoperative radiological 
outcomes 

DAA Group (nº (%)) PA Group (nº (%)) P-value 

Acetabular cup inclination   
Safe (40◦ ± 10◦) 158 (84.5%) 146 (79.3%) 0.003* 
Horizontal (<30◦) 4 (2.1%) 2 (1.1%) 
Vertical (>50◦) 25 (13.4%) 36 (19.6%) 

Acetabular cup version   
Safe (15◦ ± 10◦) 128 (68.4%) 143 (77.7%) 0.000* 
Antevert (>25◦) 58 (31%) 27 (14.7%) 
Retrovert (<5◦) 1 (0.5%) 14 (7.6%) 

LLD   
<5 mm 130 (69.5%) 109 (59.2%) 0.041* 
5–10 mm 51 (27.3%) 60 (32.6%) 
>10 mm 6 (3,2%) 15 (8,2%) 

Stem coronal alignment   
Neutral (0◦±3◦) 146 (78.1%) 148 (80.4%) 0.761 
Valgus 16 (8.6%) 16 (8.7%) 
Varus 25 (13.4%) 20 (10.9%) 

Femoral offset discrepancy   
<5 mm 98 (52.4%) 91 (49.5%) 0.564 
5–10 mm 50 (26.7%) 46 (25.0%) 
>10 mm 39 (20.9%) 47 (25.5%) 

*: A p-value < 0.05 was considered statistically significant. 

Table 3 
Postoperative radiological outcomes of both patient subgroups operated on 
during the last period.  

Postoperative 
radiological outcomes 

DAA Group (n = 64) 
(last period) 
(nº (%)) 

PA Group (n = 60) 
(last period) 
(nº (%)) 

P value 

Acetabular cup 
inclination   

Safe (40◦ ± 10◦) 61 (95.3%) 50 (83.3%) 0.066 
Horizontal (<30◦) 1 (1.6%) 12 (1.7%) 
Vertical (>50◦) 2 (3.1%) 9 (15.0%) 

Acetabular cup version   
Safe (15◦ ± 10◦) 35 (54.7%) 43 (71.7%) 0.002* 
Antevert (>25◦) 29 (45.3%) 12 (20.0%) 
Retrovert (<5◦) 0 (0.0%) 5 (8.3%) 

LLD   
<5 mm 43 (67.2%) 30 (50.0%) 0.117 
5–10 mm 19 (29.7%) 25 (41.7%) 
>10 mm 2 (3.1%) 5 (8.3%) 

Stem coronal alignment   
Neutral (0◦±3◦) 53 (82.8%) 45 (75.0%) 0.564 
Valgus 6 (9.4%) 8 (13.3%) 
Varus 5 (7.8%) 7 (11.7%) 

Femoral offset 
discrepancy   

<5 mm 32 (50.0%) 31 (51.7%) 0.783 
5–10 mm 16 (25.0%) 17 (28.3%) 
>10 mm 16 (25.0%) 12 (20.0%) 

*: A p value < 0.05 was considered statistically significant. 
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should not be forgotten. Furthermore, some studies15,16,29 have main
tained that the target anteversion angle is often excessive, considering 
the risk of anterior instability in the DAA—so target anteversion should 
be intentionally decreased. 

On the other hand, some articles report similar version outcomes 
with both approaches,13,21 or even lower acetabular anteversion with 
the DAA.11,22 

4.2. Acetabular inclination 

Although both approaches showed good results with regard to 
acetabular cup inclination, the DAA demonstrated superiority (84.5% 
vs.79.3%; p = 0.003). The PA showed a tendency to verticalize 
acetabular cups (19.6% vs.13.5%) (Fig. 3). 

Acetabular inclination outcomes are mixed in published articles. 
Similar to our study, Kobayashi et al.16 found the PA associated with 
higher acetabular cup inclination. They reported that use of the lateral 
decubitus position during the PA allows the patient to shift in the cor
onal and axial planes, so acetabular orientation is changeable during 
implant insertion. In contrast, the supine position of the DAA offers more 
patient stability on the operating table, permitting easier manipulation 
of the acetabulum and leading to higher accuracy. Other studies have 
also maintained that the DAA improves acetabular inclination.30 While 
interference of the impactor with the femur forces a higher anteversion 
through the DAA, when using the PA this interference could partially 
explain increased inclination. 

Some authors have reported no significant difference in acetabular 
inclination between the two approaches,9,13,21 while others have re
ported even worse outcomes with the DAA.19 

4.3. Limb length discrepancy (LLD) 

The DAA produced significantly fewer patients with LLD higher than 
10 mm as compared to the PA (3.2% vs. 8.2%, p = 0.041). 

Most of the articles we reviewed which compared LLD in the DAA vs. 
the PA reported no significant differences between the two.11,22 Other 
non-comparative studies reported favorable LLD results with the 
DAA.4,31 Hartford et al.24 reported that 97% of their DAA-THAs were 
within 10 mm of LLD. 

Chen et al. and Lee et al. also reported superior LLD results with the 
DAA as compared to the PA.17,32 They attributed these results to the 
supine position. Nevertheless, neither the cut-off between acceptable 
and unacceptable LLD nor its clinical repercussions have been clearly 
determined.2 

4.4. Stem coronal alignment 

No statistically significant differences in stem coronal alignment 
were seen between our two groups. Neutral stem coronal alignment was 
found in 78.1% of implants in the DAA group, with 80.4% in the PA 
group (p = 0.761). 

Similar outcomes in stem coronal alignment between the DAA and 
PA had previously been reported.16,19,20,22 Abe et al.20 specifically 
studied the difference in stem alignment between the two approaches; 
they concluded there was no difference in the incidence of varus or 
valgus implantation of more than 3◦. 

Other studies have reported that stems in DAA cases were signifi
cantly more likely to be placed in a neutral position.11 However, 
Haversath et al.33 maintained that the DAA provokes varus stem mala
lignment (9.7% of THAs in their study presented a varus deviation 
greater than 3◦). They reported previous coxa vara with a long neck, and 
initial stages of the surgeon’s learning curve as risk factors for varus 
positioning. 

4.5. Femoral offset (FO) 

FO values in our study indicated no significant difference between 
the two approaches. In 52.4% of the DAA cases, the FO difference be
tween the operated and contralateral legs was ± 0 to 5 mm; in 26.7%, 
the difference was ± 6 to 10 mm. In PA cases, these percentages were 
49.5% and 25.0%, respectively (p = 0.564). 

There is a scarcity of literature comparing the DAA and PA in terms 
of ability to restore FO, which increases our article’s value. Trevisan 
et al.26 reported an average FO reduction of − 0.5 mm after DAA-THA, 
without significant contribution to the HHS. Hasegawa et al.31 also 
demonstrated good results in FO restoration with the DAA (3.5 ± 2.6 
mm). 

4.6. Restoring hip biomechanics during the learning curve 

The DAA is associated with a steep learning curve, leading to long 
operative times, blood loss, and high rate of intraoperative 
complications.10–12,21 However, little information has been published 
regarding component positioning during the DAA learning curve. Fois
sey et al.34 reported 80% of cups implanted within the combined safe 
zones during their first 537 DAA-THAs. The authors warned that sur
geons must beware of excess abduction early in their experience with the 
procedure, but they did not report having observed surgeons’ progres
sive learning curves in terms of other radiological parameters. Other 
articles have reported no difference in cup positioning or LLD as a sur
geon advanced along the learning curve.25,35 On the other hand, Brun 
et al.36 observed a steady improvement in cup positioning until, some
where between 200 and 300 patients, the surgeon reached a steady 
state. 

However, to the best of our knowledge, no previous article has 
focused on comparing the ability to restore hip biomechanics between 
the DAA and PA, along a novice hip surgeon’s learning curves. In our 
study, both approaches presented similar postoperative radiological 
outcomes. 

Additionally, results with regard to acetabular version and inclina
tion, LLD, stem coronal alignment and FO showed both approaches to be 
safe, avoiding component malpositioning. 

4.7. Limitations 

There are some limitations to the current study, including those 
inherent in any retrospective study without a randomized control group. 
Radiological parameters were not measured by an expert and indepen
dent radiologist, but rather by three orthopedic surgeons. Further, all 
radiologic morphology parameters were measured using an ante
roposterior x-ray projection. 

5. Conclusions 

Both the DAA and the PA are safe and reliable in restoring hip 
biomechanics in THA surgery, during a novice hip surgeon’s progress 
through the procedures’ learning curves. The approaches yield similar 
postoperative radiological outcomes. Similar results also continue once 
the surgeon reaches the learning curve plateau. The PA showed a ten
dency to verticalize the cups, while the DAA tended to antevert them. 
The DAA offered better control of LLD. No significant differences were 
found in stem coronal alignment or FO. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial or non-profit sectors. 

O. Pujol et al.                                                                                                                                                                                                                                    



Journal of Orthopaedics 26 (2021) 72–78

77

Author’s contributions 

All authors contributed equally to this work. All authors contributed 
to the study conception and design, material preparation, data collection 
and analysis. The first draft of the manuscript was written by Oriol Pujol 
and all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript. 

Ethics approval 

The study was approved by our Center’s Ethics Committee (CEIC). 
The study was performed in accordance with the ethical standards as 
laid down in the 1964 Declaration of Helsinki. 

Consent to participate 

Informed consent was obtained from all individual participants 
included in the study. 

Consent to publication 

Patients were informed that data concerning their cases might be 
submitted for publication, and they gave their consent. 

Declaration of competing interest 

None. 

Acknowledgements 

We thank Russell Williams of RoundlyWorded.com for his editorial 
recommendations. 

This work has been done in the framework of the doctorate in Sur
gery of the Universitat Autònoma de Barcelona. 
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