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ABSTRACT

preserving approach to Total Hip Arthroplasty (THA). However, whether the limited surgical exposure inherent 
to this technique affects acetabular component positioning remains a concern. 

compare the results with those obtained using the traditional Posterolateral Approach (PLA). 

anteroposterior digital hip radiographs from 86 randomly selected patients equally distributed between the two 
groups. Radiographic measurements used to calculate acetabular anteversion and inclination were independently 
obtained by two orthopedic surgeons, and interobserver reliability was assessed using the Intraclass Correlation 
Coefficient (ICC) with 95% confidence intervals. Differences between the surgical approaches were evaluated 
using the Mann-Whitney U test, with statistical significance set at p<0.05. Statistical analyses were performed 
using IBM® Statistical Package for the Social Sciences (SPSS) Statistics, version 22. 

the SuperPATH and PLA groups (38.57 ± 7.15° and 40.76 ± 7.90°, respectively). In contrast, mean anteversion 
differed significantly between the groups (30.26 ± 5.86° and 25.61 ± 7.56°, respectively). The Mann-Whitney 
U test showed a significant difference in anteversion between the surgical approaches (U=569.000; p<0.01), 
but not in inclination (U=1066.000; p>0.05). One dislocation occurred in the PLA group, in a hip with an 
acetabular component inclination of less than 30°. 

those implanted using the conventional posterolateral approach, whereas inclination did not differ significantly 
between the groups. An inclination angle below 30° was present in the only case of dislocation, which occurred 
in the PLA group.

Assisted Total Hip Arthroplasty (SuperPATH); Component positioning.

 The Supercapsular Percutaneously-Assisted Total Hip (SuperPATH) technique is a muscle-

 To evaluate the effect of the SuperPATH technique on acetabular component positioning and 

 This retrospective cohort study assessed acetabular component positioning using standardized 

 Interobserver agreement was excellent (ICC>0.9). Mean acetabular inclination was similar between 

 Acetabular components implanted using the SuperPATH technique were more anteverted than 
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INTRODUCTION

Total Hip Arthroplasty (THA) is one of the most successful procedures 
in orthopedic surgery and has undergone substantial advances in 
recent decades, driven by the development of new surgical techniques, 
a broader range of prosthetic components, and improvements in 
preoperative planning [1-6]. These advances have contributed to 
improve functional outcomes and quality of life, as well as reduced 
pain, in patients with severe degenerative hip disease [5-7].

Despite these favorable outcomes, dislocation remains a major 
complication after THA, occurring in 0.3% to 10% of primary 
procedures and in up to 28% of revision procedures [8]. Malposition 
of the acetabular component is an important predisposing factor, 
particularly with regard to anteversion and inclination [9]. Traditionally, 
the Lewinnek safe zone has been defined as 15° ± 10° of anteversion 
and 40° ± 10° of inclination/abduction, and these parameters remain 
widely used for the radiographic assessment of acetabular component 
positioning [10-19].

Minimally invasive approaches have been developed to reduce soft-
tissue injury and facilitate early functional recovery [20-23]. The 
Supercapsular Percutaneously-Assisted Total Hip (SuperPATH) 
technique represents an evolution of micro-posterior approaches, 
using a surgical interval superior to the hip capsule between the 
gluteus minimus and piriformis muscles while preserving the posterior 
musculotendinous structures [24].

Recent evidence, however, indicates that no single surgical approach 
is universally superior across all THA outcomes. In a systematic review 
and meta-analysis of 85 randomized clinical trials involving 6,575 
patients, SuperPATH was associated with favorable early functional 
recovery and ranked highest for the physical component of quality of 
life, although it was also associated with longer operative times and 
intermediate outcomes for gait and safety [25]. Magnetic resonance 
imaging studies have further demonstrated that SuperPATH does 
not completely eliminate periarticular muscle injury, despite greater 
preservation of selected posterior structures and more pronounced 
clinical benefits during the early postoperative period [26,27].

Previous comparative studies have also reported shorter hospital stays 
and favorable early recovery with SuperPATH, although the technique 
is frequently associated with longer operative times than conventional 
posterior approaches [28-32]. Nevertheless, the more limited surgical 
exposure inherent to minimally invasive techniques may make 
component orientation more challenging, and accurate acetabular 
cup positioning remains technically demanding even for experienced 
surgeons [3,4,32,33].

Given the need to balance soft-tissue preservation, functional recovery, 
and accurate prosthetic component positioning, this study aimed 
to evaluate the effect of the SuperPATH technique on acetabular 
component inclination and anteversion and to compare these 
parameters with those obtained using the traditional Posterolateral 
Approach (PLA).

METHODS

A retrospective cohort study was conducted to assess acetabular 
component positioning following primary Total Hip Arthroplasty 
(THA) performed between 2017 and 2019 for severe hip osteoarthritis 
at an orthopedic referral hospital in the state of São Paulo, Brazil. The 
study was approved by the research ethics committee and conducted in 

accordance with the ethical principles of the Declaration of Helsinki. 
All participants provided written informed consent.

Acetabular component positioning was assessed using standardized, 
full-scale anteroposterior digital pelvic radiographs. All procedures 
were performed by a single orthopedic surgeon. Radiographic 
measurements used to calculate acetabular anteversion and inclination 
were independently obtained in millimeters by two additional 
orthopedic surgeons. Measurements were performed in a blinded 
manner: The operating surgeon was not involved in the measurements, 
and the two examiners were blinded to each other’s measurements. 
Statistical analyses were performed independently by a third examiner.

Exclusion criteria were THA’s requiring component revision, 
procedures performed for fractures, and cases in which radiographic 
quality was insufficient to clearly delineate the acetabular cup margins 
for two-dimensional radiographic analysis.

Surgical techniques

Posterolateral approach

The conventional posterolateral approach consisted of a posterolateral 
hip incision, detachment of the external rotator muscles, followed 
by hip dislocation, femoral head osteotomy, acetabular and femoral 
preparation, and component implantation.

Supercapsular Percutaneously-Assisted Total Hip Surgery 
(SuperPATH)

This approach preserves the insertions of the hip external rotator 
muscles and involves femoral broaching through the piriformis 
fossa without hip dislocation, percutaneously assisted acetabular 
preparation, and component implantation. Hybrid fixation was used 
with the conventional posterolateral approach, whereas cementless 
fixation was used with the SuperPATH technique.

Standardization of radiographic examination

Standardized, full-scale digital radiographs were obtained according to 
the following protocol: An Anteroposterior (AP) projection with the 
patient in the supine position; the X-ray beam oriented perpendicular 
to the acetabular component; a source-to-image distance of 1 m; 
and manual adjustment of patient positioning to correct for pelvic 
anteversion or retroversion.

Radiographic assessments

Radiographic assessment of acetabular component anteversion and 
inclination was performed using Pixeon® image-viewing software. The 
inclination angle was measured as the angle formed by the intersection 
of two lines: One drawn along the base of the ischia and the other 
through the center of the acetabular cup face (Figure 1A).

The Pixeon® luminescence imaging feature was applied to enhance 
visualization of the acetabular cup margins. The distance from the 
posterior to the anterior margin of the cup (S) and the distance from 
the posterior margin to the deepest point of the cup Total Length (TL) 
were measured in millimeters.

The S/TL ratio represents the coefficient of rotation about the cup 
axis and was used in the trigonometric calculation [arcsin=(S/TL) × 
(180/π)] to determine the radiographic acetabular anteversion angle 
[16] (Figure 1B). Data were tabulated, and means and corresponding 
standard deviations were calculated for subsequent statistical analysis.
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Figure 1: Assessment of acetabular component positioning: (A) Method used to assess the radiographic inclination angle; (B) Measurement of S and 
TL distances for subsequent calculation of the radiographic anteversion angle.

Statistical analysis

Interobserver reliability of the radiographic assessment method was 
evaluated using the Intraclass Correlation Coefficient (ICC) for 
absolute agreement, with 95% confidence intervals. ICC values were 
interpreted as follows: <0.40, poor; 0.40-0.60, fair; 0.60-0.75, good; and 
0.75-1.00, excellent.

Mean radiographic inclination and anteversion angles of the acetabular 
components were compared between the two surgical approaches using 
the Mann-Whitney U test. Statistical significance was set at p<0.05. All 
statistical analyses were performed using IBM® Statistical Package for 
the Social Sciences (SPSS) Statistics, version 22.

RESULTS

A total of 162 arthroplasties were identified during the study period. 
Of these, 47 patients were excluded because the primary THA had 
been performed for a femoral fracture, 18 were excluded because 
they had undergone revision arthroplasty after a mean component 

implantation duration of more than 7.4 years, and 11 were excluded 
because radiographic quality was insufficient for two-dimensional 
assessment of the acetabular component.

A total of 43 hips treated using the PLA and 43 treated using 
SuperPATH were included in the analysis. Patients in the conventional 
PLA  group  had  a mean age of 68.5 ± 9.3 years and a mean Body 
Mass Index (BMI) of 30.2%, and 51.2% were  men.  Patients  in the 
SuperPATH group had mean age of 63.7 ± 6.5 years and a mean BMI
of  28.4% and,  67.4% were men. Postoperative follow-up ranged from

measurements was excellent (ICC>0.75). Radiographic inclination was 
similar between the two approaches, whereas acetabular anteversion 
differed significantly. The Mann-Whitney U test showed no significant 
difference in acetabular inclination between the surgical approaches 
(U=1066.000; p>0.05), whereas anteversion differed significantly 
between the groups (U=569.000; p<0.01) (Table 1). The distributions 
of acetabular component positioning angles are shown in (Figure 2).

Position of the acetabular cup

Surgical approach Mean inclincation (°) Mean anteversion (°)

SuperPATH® 38.57° ± 7.15 30.26° ± 5.86

Posterolateral Approach (PLA) 40.76° ± 7.90 25.61° ± 7.56

Intraclass correlation coefficient (ICC) 0.991 0.987

Man-whitney U test (p-value) 0.222 0.002

Table 1: Mean and standard deviation of acetabular inclination and anteversion according to surgical approach (PLA and SuperPATH), with corresponding 
statistical results.

6 to 24 months.
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Regarding acetabular component positioning, 72.09% of SuperPATH 
cases and 83.72% of PLA cases had inclination angles between 30° and 
50°. Anteversion angles between 5° and 25° were observed in 13.95% 
of acetabular components implanted using SuperPATH and 39.53% 
of those implanted using the PLA.

Both inclination and anteversion were simultaneously within the target 
ranges in 11.63% of SuperPATH cases and 34.88% of PLA cases. One 
dislocation occurred in the PLA group and was successfully treated 
with closed reduction in the operating room. No other complications 
were observed (Figure 3).

Figure 2: Distribution of radiographic inclination and anteversion angles according to surgical approach.

Figure 3: Distribution of acetabular component inclination and anteversion angles for the posterolateral and minimally invasive SuperPATH 
approaches according to the Lewinnek safe-zone criteria. (*) Postoperative dislocation.
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increasing the risk of dislocation during hip flexion [9,33]. To reduce 
the risk of adverse outcomes, intraoperative patient positioning should 
be adjusted so that the sagittal pelvic axis is appropriately aligned 
relative to the floor [2].

In this cohort, pelvic and operating-table positioning were adjusted 
to provide the surgeon with an accurate reference for acetabular 
inclination. Radiographs were also standardized at full scale, with 
correction for potential pelvic anteversion or retroversion resulting 
from variations in patient positioning. A radiographic assessment 
method previously described in the literature was used [14,16]. To 
minimize potential measurement subjectivity, measurements obtained 
by experienced surgeons were statistically evaluated and demonstrated 
excellent interobserver agreement (ICC>0.9) [54].

Standardization of the surgical procedures and radiographic assessments 
may have contributed to the similar acetabular inclination observed 
between the groups. The significant difference in anteversion may be 
related to the SuperPATH technique, possibly because of differences 
in surgeon positioning during acetabular component insertion. With 
SuperPATH, the surgeon is positioned more superiorly relative to 
the acetabulum than with the conventional approach. Furthermore, 
because these were the first 43 hips treated using SuperPATH, the 
potential effect of the learning curve should be considered [20,32,43].

According to Rasuli and Gofton, 44% of the first 25 procedures 
achieved the safe-zone criteria for inclination and anteversion, 
increasing to 56% among the subsequent 25 procedures [43]. The 
authors evaluated acetabular component positioning in arthroplasties 
performed using SuperPATH and PATH. Similar to the findings of the 
present cohort, acetabular components implanted using SuperPATH 
were significantly more anteverted (23.5° vs 13.1°) and less abducted 
(39.0° vs 42.9°), and only 50% of cases met the angular criteria for 
clinical safety.

Restricted intraoperative visualization has also been shown to affect 
the radiographic inclination of components implanted using the 
SuperPATH approach [32]. The mean inclination of 38.57° observed 
in the present study was slightly lower than the values of 40.13° and 40° 
reported by other authors. However, the acetabular cups in the present 
study were more abducted than those reported by Qurashi, et al, who 
observed a mean angle of 34.4° [24,48,49].

Comparative studies directly evaluating acetabular component 
positioning after SuperPATH and posterior approaches have 
reported heterogeneous findings. In previously published cohorts, 
mean inclination ranged from 38.8° to 43.6° with SuperPATH and 
was approximately 45° with the posterolateral approach, whereas 
mean anteversion ranged from 15° to 17.4° and from 14.2° to 18.5°, 
respectively [32,55].

A randomized clinical trial reported significantly lower inclination 
with SuperPATH than with the mini-incision posterolateral approach 
(36.94 ± 6.37° vs 42.66 ± 3.58°; p=0.004), but no significant difference 
in anteversion (13.94 ± 4.73° vs 15.11 ± 4.06°; p=0.501) [56]. These 
findings differ in part from those of the present study, in which 
inclination did not differ significantly between the groups, whereas 
anteversion was significantly greater in the SuperPATH group. In 
contrast, another randomized clinical trial found no significant 
differences between SuperPATH and the conventional posterior 
approach in either inclination (42 ± 8° in both groups; p=0.96) or 
acetabular anteversion (22 ± 12° vs 23 ± 11°; p=0.78) [57]. Similarly, 
Hagio, et al. reported inclination angles of 39.9 ± 4.1° with SuperPATH 
and 38.9 ± 3.5° with the posterior approach (p=0.20), and anteversion 
angles of 24.4 ± 5.7° and 23.4 ± 6.5°, respectively (p=0.51) [58]. In the 

DISCUSSION

The concept of a “safe zone,” defined as 15°±10° of anteversion and 
40° ± 10° of inclination/abduction, provides a widely used criterion 
for assessing acetabular component positioning [10,34]. However, 
there is no consensus regarding the optimal implant position or its 
relationship with the risk of complications [35-37].

Dislocation remains an important complication after THA and may 
occur even when the acetabular component is positioned within the 
recommended ranges. One study identified 206 dislocations among 
9,784 primary procedures; among these cases, 84% and 69% had 
acceptable inclination and anteversion, respectively [34]. McLawhorn, 
et al. reported that 83% of dislocated hips had components positioned 
within the safe zone [35]. Therefore, acetabular component orientation 
alone does not determine the risk of dislocation, and other factors, 
including spinopelvic malalignment, individual anatomy, surgical 
approach, and instrumentation, should also be considered [33,40,41].

In the present study, 72.09% of acetabular cups in the SuperPATH 
group and 83.72% in the PLA group had inclination angles between 
30° and 50°. Components implanted using the soft-tissue-preserving 
approach were significantly more anteverted; only 13.95% were within 
the safe range, compared with 39.53% of those implanted using the 
conventional approach. These findings are consistent with previous 
reports suggesting that posterior surgical approaches may result in 
greater anteversion angles [42]. The mean anteversion exceeded the 
recommended upper limit of 25° in both groups, particularly in the 
SuperPATH group, in which it exceeded this threshold by 5.26°. This 
finding differs from the more retroverted positioning reported in 
another study comparing the same techniques [32].

Despite the greater acetabular component anteversion, no 
complications were identified in the SuperPATH group during the 
6- to 24-month postoperative follow-up period, supporting previous 
evidence that anteversion angles greater than 30° may not necessarily 
be associated with adverse outcomes in tissue-preserving posterior 
THA [38,39]. Similarly, in a series of 250 PATH procedures, a mean 
anteversion angle of 31° was not associated with dislocation [44]. 
Fujishiro, et al. also reported that anteversion angles of up to 30° were 
associated with a lower risk of dislocation [45].

No complications were identified among the 43 SuperPATH 
arthroplasties in this series [24,32,46]. Consistent with these findings, 
favorable outcomes have been reported in other case series using 
the same surgical technique, whereas other studies have reported 
subluxation, periprosthetic fractures, loss of implant position, and 
limb-length discrepancy [43,44,47-49].

The PLA may facilitate accurate acetabular cup positioning, as suggested 
by the simultaneous achievement of the Lewinnek inclination and 
anteversion criteria in 34.88% of PLA cases compared with 11.63% 
of SuperPATH cases in the present study [50,51]. Nevertheless, this 
finding differs from that of Barrack, et al, who reported that 88% 
of components were within the target ranges for both parameters. 
However, those authors used a broader inclination range (30°-55°), 
whereas the present study used an upper limit of 50°, a threshold 
traditionally associated with clinical safety in the literature [10,52,53]. 
No adverse outcomes were observed in cases with components 
positioned above this limit.

An inclination angle below 30° was present in the only case of 
dislocation, which occurred in a hip treated using the conventional 
approach and had an acetabular component inclination of 25.82°. 
Insufficient inclination reduces posteroinferior coverage, thereby 
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latter study, however, intraoperative navigation was used in 22 of 30 
SuperPATH cases, which may have reduced variability in component 
positioning and should be considered when comparing these findings 
with those of series performed without navigation.

An updated meta-analysis of randomized clinical trials published 
in 2025 reported potential differences between SuperPATH and 
traditional techniques in perioperative and functional outcomes but did 
not include acetabular inclination or anteversion among the outcomes 
analyzed [59]. Thus, although recent literature has broadened the 
clinical comparison of these approaches, primary evidence specifically 
addressing radiographic acetabular cup positioning remains relatively 
limited. Overall, the available studies more consistently report no 
significant difference in anteversion between approaches, making the 
greater anteversion observed in the present cohort a relevant finding 
that differs from part of the existing comparative literature.

The present study has several limitations, including its nonrandomized 
design and the lack of data on participants’ functional outcomes. 
The modest sample size should also be considered, as it may have 
contributed to the low number of complications and limited the ability 
to detect differences between the surgical approaches [1]. Further 
studies are needed to determine whether greater acetabular component 
anteversion influences the long-term risk of complications after THA 
performed using this soft-tissue-preserving technique.

CONCLUSION

Acetabular components in hips treated using the SuperPATH® 
technique were more anteverted and less inclined than those implanted 
using the posterolateral approach. The minimally invasive approach 
was associated with a significant difference in acetabular component 
anteversion but not in inclination. Greater radiographic acetabular 
cup anteversion was not associated with complications during the 
follow-up period. An inclination angle below 30° was present in the 
only case of dislocation.
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