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Change in cup orientation from supine to standing posture: 
a prospective cohort study of 419 total hip arthroplasties

Camille VORIMORE 1, Jeroen C F VERHAEGEN 1–3, Moritz INNMANN 1,4, A Paul MONK 5, 
Christopher LING 5, and George GRAMMATOPOULOS 1

¹ Department of Orthopaedic Surgery, The Ottawa Hospital, Ottawa, Ontario, Canada; 2 University Hospital Antwerp, Edegem, 
Belgium; 3 Orthopaedic Centre Antwerp, AZ Monica, Antwerp, Belgium; 4 Heidelberg University, Heidelberg, Germany; 		
5 Auckland Surgical Centre, Auckland, New Zealand 
Correspondence: ggrammatopoulos@toh.ca
Submitted 2024-02-17. Accepted 2024-06-23.

© 2024 The Author(s). Published by MJS Publishing – Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article 
distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/), which permits shar-
ing, adapting, and using the material for any purpose, including commercial use, with the condition of providing full attribution to the original publication.
DOI 10.2340/17453674.2024.41091

Background and purpose — Arthroplasty surgeons tra-
ditionally assess cup orientation after total hip arthroplasty 
(THA) on supine radiographs. Contemporary hip–spine 
analyses provide information on standing, functional cup 
orientation. This study aims to (i) characterize cup orienta-
tions when supine and standing; (ii) determine orientation 
differences between postures; and (iii) identify factors asso-
ciated with magnitude of orientation differences.

Methods — This is a 2-center, multi-surgeon, prospec-
tive, consecutive cohort study. 419 primary THAs were 
included (57% women; mean age: 64 years, standard devia-
tion [SD] 11). All patients underwent supine and standing 
antero-posterior pelvic and lateral spinopelvic radiographs. 
Cup orientation and spinopelvic parameters were measured. 
Target cup orientation was defined as inclination/antever-
sion of 40°/20° ± 10°. A change in orientation (Δinclination/
Δanteversion) between postures > 5° was defined as clini-
cally significant. Variability was defined as 2 x SD.

Results — Inclination increased from 40° (supine) to 42° 
(standing) corresponding to a Δinclination of 2° (95% con-
fidence interval [CI] 2–3). Anteversion increased from 25° 
(supine) to 30° (standing) corresponding to a Δanteversion 
of 5° (CI 5–6). When supine, 69% (CI 65–74) of THAs were 
within target, but only 44% (CI 39–49) were within target 
when standing, resulting in a further 26% (CI 21–30) being 
out of target when standing. From supine to standing, a clini-
cally significant change in anteversion (> 5°) was seen in 
47% (CI 42–52) of cases. Δanteversion was higher in women 
than in men (6°, CI 5–7 vs 5°, CI 4–5) corresponding to a dif-
ference of 1° (CI 1–2), which was dependent on tilt change, 
standing cup anteversion, age, and standing pelvic tilt.

Conclusion — Cup inclination and version increase 
upon standing but significant variability exists due to patient 
factors.

Attaining optimal acetabular component positioning is impor-
tant in total hip arthroplasty (THA) as [1] aberrant cup orienta-
tion has been associated with unfavorable outcomes, including 
impingement [2], dislocation [3], polyethylene wear [4], and 
patient-reported outcomes [5]. The concept of a “safe” zone 
has been challenged as researchers have focused on testing 
whether individual optimum cup orientation targets exist [6].

In recent years, efforts have been focused on understand-
ing how the hip–spine relationship contributes to outcome 
after THA, and how spinopelvic characteristics can be incor-
porated into clinical practice and preoperative planning, with 
a view to improving outcome and reducing dislocation rate 
[7]. The study of hip–spine interaction is typically performed 
with quasi-static, standing, and seated radiographs [3,8]. Con-
sequently, the cup orientation recommendations provided are 
those in the standing position, which satisfy sagittal targets, as 
per spinopelvic characteristics [3,9].

Surgeons have traditionally assessed cup orientation with 
supine radiographs and not standing radiographs [10]. The 
functional cup orientation differs between the standing and 
supine positions due to changes in pelvic tilt [11]. Each degree 
of pelvic tilt changes the measurement of radiographic cup 
anteversion in anteroposterior (AP) radiographs by approxi-
mately 0.7° [12]. Cup inclination is also affected by the change 
in pelvic tilt, but to a lesser degree [13]. On average, the transi-
tion from the supine to the standing position is associated with 
an increase in pelvic tilt (posterior tilt) of approximately 5°; 
however, the variability is large and factors associated with 
the degree of change remain to be determined [14].

This study aims to (i) characterize cup orientations when 
supine and standing, (ii) determine orientation differences 
between postures, and (iii) identify factors associated with 
magnitude of orientation differences.  
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Methods 
Study design
This is a prospective, multi-surgeon, institutional review 
board-approved study conducted at 2 tertiary academic insti-
tutions (the Ottawa Hospital, Canada and Auckland City Hos-
pital, New Zealand). 

All patients who underwent primary THA were recruited. 
Inclusion criteria for this study were: age older than 16 years 
and a minimum follow-up of 1 year. None of the surgeries 
were performed with robotics or navigation

The study is reported according to STROBE guidelines.

Radiographic assessment
All patients underwent radiographic assessment including 
supine and standing AP radiographs of the pelvis, in a stan-
dardized fashion [15], in line with previous recommendations, 
at 1 year following THA. In addition, a lateral standing spino-
pelvic radiograph was conducted preoperatively. 

A radiographic analysis of cup orientation was performed 
with Ein-Bild-Roentgen-Analyse (EBRA-CUP; https://www.
ebra.info/ebra-cup-ebragraf/) using AP pelvic radiographs, 
which has been validated previously [16-18]. For each radio-
graph, 3 horizontal reference lines were delineated: the first 
aligned tangentially with the distal aspect of the ischia; the 
second aligned tangentially with the distal aspect of the tear-
drops; and the third aligned tangentially with the proximal 
horizontal border of the greater sciatic notch. Additionally, 3 
vertical reference lines were marked: the first at the center of 
the pubic symphysis; the second at the medial border of each 
greater sciatic notch, and the third at the lateral aspect of each 
greater sciatic notch. Following the establishment of these 
reference lines, a circular outline of the cup component was 
generated by marking the perimeter of the component with 3 
points. Subsequently, an ellipse corresponding to the cup was 
delineated by marking the vertices of the cup ellipse using 3 
additional points. Lateral radiographs were utilized to confirm 
cup opening in the frontal plane, determining whether it was 
anteverted or retroverted.

The following parameters were measured on spinopelvic 
radiographs (Figure 1): lumbar lordosis (LL), sacral slope 
(SS), pelvic tilt (PT), pelvic incidence (PI), and pelvic-fem-
oral angle (PFA). The sacro–femoral–pubic angle (SFP) was 
measured on AP pelvic radiographs. The SFP has been shown 
to be a reliable parameter to assess the difference in PT in dif-
ferent postures for a given patient [19]. Spinopelvic parame-
ters were missing for 12 patients (no spinopelvic radiograph); 
there were no other missing values for any of these variables. 

All radiographic measurements were performed by 1 
observer, a hip surgery research fellow (CV). Measure-
ments were repeated for 10% of randomly selected datasets 
in a blinded fashion. Intra-observer reliability was calculated 
using the correlation coefficient with a 2-way mixed model, 

showing excellent agreement ranging from 0.88 (95% confi-
dence interval [CI] 0.80–0.93) to 0.92 (CI 0.85–0.95). 

Outcomes 
Target cup orientation was defined as cup inclination/antever-
sion of 40°/20° ± 10°, based on values reported in the literature 
[17,20]. Although these target zones were originally defined on 
supine radiographs, we chose to investigate the same target 
zone in the standing position to illustrate how often cups 
might be in/out of zone according to posture. Previous studies 
have extended supine targets to standing radiographic analy-
ses [21,22]. Δinclination and Δanteversion were defined as 
the difference between supine and standing inclination/ante-
version (∆inclination = inclinationstanding – inclinationsupine 
and ∆anteversion = anteversionstanding – anteversionsupine). 
Thresholds of interest with regards to change in orientation 
(Δinclination/Δanteversion) between postures were defined as 
> 5° and > 10°, based on previous studies [14]. A difference of 
> 5° in cup orientations between supine and standing positions 
was considered to be a clinically important difference [14,21]. 
Such margins reflect margins of error associated with modern 
technologies, augmenting ability to achieve target orientation 
[23]. Variability was defined as 2 x SD.

The change in PT between the supine and standing posi-
tions was determined by the difference in the SFP (∆SFP = 
SFPsupine – SFPstanding), ∆PT was deduced using the ∆SFP 
angle (∆PT = –∆SFP) [24]. PI–LL mismatch > 10° was defined 
as an unbalanced spine or “flatback deformity” [25].

Figure 1. (A) Lateral standing spinopelvic radiographs and (B) AP pelvic 
radiograph illustrate the measurements performed; LL = Cobb angle 
between a line drawn along the superior endplate of L1 and another 
line drawn along the superior endplate of S1; SS = angle between a 
line drawn along the superior endplate of S1 and the horizontal axis; 
PI = angle between the line from the center of the cup to the middle of 
the superior endplate of S1 and the line perpendicular to the superior 
endplate of S1 from its midpoint; PT = angle formed between the line 
from the center of the cup to the middle of the superior endplate of S1 
and the vertical axis; PFA = angle between the line from the center of 
the cup to the middle of the superior endplate of S1 and the femoral 
axis; APP = angle between a line connecting both anterior superior 
iliac spines with the pubic symphysis and the vertical axis; SFP = angle 
between a line from the midpoint of the S1 superior endplate (found by 
determining the midpoint of a line between the lateral bodies of the L5 
to S1 facet joints), centroid of the acetabulum, or center of the cup, and 
upper midpoint of the pubic symphysis.
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Complication and reoperation rates were prospectively 
recorded. 

Statistics 
An a priori power calculation was performed for the primary 
objective of the study (difference in cup orientation between 
supine and standing postures) based on the studies of Yun 
[14]and Tiberi [21] reporting on patients with THA. Cumu-
latively, Yun et al. reported an increase in the mean (stan-
dard deviation [SD]) cup inclination from supine 44° (SD 5) 
to standing 45° (SD 5), and in cup anteversion from supine 
26° (SD 10) to standing 29° (SD 8). Thus, at least 336 hips 
would be required to provide sufficient study power (1–β = 
0.80, α = 0.05).

Means and change of inclination and anteversion between 
postures were compared with paired t-tests. To compare con-
tinuous variables between independent groups, a Mann–Whit-
ney U test was used. A chi-square exact test was used to test 
for differences between categorical variables. The results were 
presented as mean (CI) for continuous variables, and for cat-
egorical data, they were presented as absolute count (percent-
ages). Pearson’s correlation coefficient rho (ρ) was calculated 
to compare individual anatomical parameters with acetabular 
morphology variations, and graded as poor (ρ ≤ 0.30), moder-
ate (ρ 0.31–0.50), or strong (ρ > 0.51). Statistical analysis was 
performed using SPSS v25 (IBM Corp, Armonk, NY, USA). 
A P value < 0.05 was considered significant.

Ethics, registration, data sharing, use of AI, funding, 
and disclosures
The study received approval from the Institutional Review 
Board (IRB). Restrictions apply to the availability of this data, 
which was used under license for the current study. All par-
ticipants signed written informed consent. No artificial intel-
ligence was used in this study. No benefits in any form have 
been received or will be received related directly or indirectly 
to the subject of this article. Authors report no conflict of 
interests. Completed disclosure forms for this article follow-
ing the ICMJE template are available on the article page, doi: 
10.2340/17453674.2024.41091

Results
Cohort description
522 hips underwent primary THA at the 2 centers between 
January 1, 2019, and December 31, 2022, by 11 surgeons. 103 
without standing AP pelvic radiographs at 1-year follow-up 
were excluded, leaving 419 THAs (patients) eligible for inclu-
sion (Figure 2). There were 180 (43%) men and 239 (57%) 
women. The mean age was 64 (SD 11) years, and the mean 
BMI was 28 (SD 5). 

Indication for THA was osteoarthritis in 406 (97%), or avas-
cular necrosis in 13 (3%). THA was mostly performed through 
an anterior (56%), followed by a posterior (38%) and a lateral 
(6%) approach (Table 1). Approach and implant choice was as 
per individual surgeon preference and institutional inventory. 
The most common femoral head diameter was 36 mm. Most 

Primary total hip arthroplasties performed between 
January 1st, 2019, and December 31st, 2022 with 

age older than 16 years and minimum follow-up 1 year
from The Ottawa Hospital, Canada and 

Auckland City Hospital, New Zealand
n = 522

Excluded
No standing AP pelvic radiographs

at 1-year follow-up
n = 103 

Study group (n = 419):
– osteoarthritis, 406
– avascular necrosis, 13

Figure 2. Number of patients included in analysis and reasons for loss 
to follow-up

Table 1. Demographics and surgical details of the study 
cohort. Values are count (%) unless otherwise specified

Factor	 Cohort (n = 419)

Age, mean (SD)	 64 (11)
Sex
 Women	 239 (57) 
 Men 	 180 (43)
BMI (SD)	 28 (5)
Indication for primary THA
 Osteoarthritis	 406 (97)
 AVN	 13 (3.1)
Approach 
 Anterior	 234 (56)
 Posterior	 158 (38)
 Lateral	 27 (6.4)
Femoral head size, mm
 28	 17 (4.1)
 32	 103 (25)
 36	 245 (58)
 Others	 54 (13)
Femoral implant 
 Microplasty	 214 (51)	
 Taperloc	 86 (21)
 Exeter	 43 (10)
 Sirius	 19 (4.5)
 Corail	 11 (2.6) 
 Others	 46 (11)
Cup implant 
 G7	 312 (74)
 Pinnacle	 5 (1.2)
 Others 	 102 (24)
Stem fixation
 Uncemented	 365 (87)
 Cemented	 54 (13)
Complications 
 Fracture	 10 (2.3)
 Prosthetic joint infection	 6 (1.4)
 Dislocation	 1 (<1)
Reoperations for
 Fracture	 9 (2.1)
 Prosthetic joint infection	 6 (1.4)
 Dislocation	 1 (< 1)
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stem implants and all cup implants were cementless (Table 
1). However, an intraoperative radiograph to assess the hip 
was performed prior to closure in 264 (63%) as per surgeon 
preference. 

The overall complication rate was 17 (4%). There were 10 
periprosthetic femoral fractures (2%), 6 prosthetic joint infec-
tions (PJI) (1%), and 1 dislocation (< 1%). 16 (4%) patients 
required reoperation: 9 peri-prosthetic fracture (2%), 6 PJI 
(1%), and 1 dislocation (< 1%) (Table 1).

4, CI 5–6) between positions (Table 2 and Figure 3). When 
transitioning from supine to standing, 196 (47%, CI 42–52) 
exhibited changes in anteversion of 5° or more, while 49 
(12%, CI 9–15) showed changes in inclination of 5° or more 
(Table 3). 

Factors associated with magnitude of orientation dif-
ference
Δanteversion showed weak correlation with standing PT (ρ 
0.22, CI 0.13–0.31), moderate correlation with standing cup 
anteversion (ρ 0.48, CI 0.40–0.55), and strong correlation 
with ∆SFP (ρ 0.62, CI 0.55–0.67). Similarly, ∆inclination 
exhibited weak correlation with standing PT (ρ 0.13, CI 0.03–
0.23) and standing PFA (ρ 0.20, CI 0.10–0.29), moderate cor-
relation with standing cup anteversion (ρ 0.29, CI 0.20–0.38) 
and inclination (ρ 0.37, CI 0.28–0.45), and strong correlation 
with ∆SFP (ρ 0.55, CI 0.48–0.62) (Tables 3 and 4).

Women exhibited greater Δinclination (3°, CI 2–3 vs 2°, CI 
1–2) and Δanteversion (6°, CI 5–7 vs 5°, CI 4–5) than men, 
corresponding to a difference of 1° (CI 0–1) in ∆inclination 
and 1° (CI 1–2) in ∆anteversion. Women were more likely to 
exhibit Δanteversion greater than 5°, and also 10° (Table 3), 
had greater ∆SFP (5°, CI 5–6 vs 4°, CI 4–5) and greater supine 
(26°, CI 25–27 vs 23°, CI 22–24) and standing anteversion 
(32°, CI 31–33 vs 27°, CI 26–28) than men. 

Table 2. Radiographic parameters in supine and standing positions (N = 419). Continuous 
values are mean [CI], categorical values are number (%) [CI of %)]

Factor	 Supine	 Standing	 ∆	 P value

SFP (°)	 61 [60–62]	 56 [56–56.9]	 –5 [4–5]	 < 0.001 a

Cup inclination (°) 	 40 [40–41]	 43 [42–43]	 2 [2–3]	 < 0.001 a

Cup inclination amongst approaches (°)			   0.7 a

 anterior approach	 41 [40–41]	 43 [42–44]	 2 [0–2]
 posterior approach	 40 [39–42]	 43 [42–44]	 2 [2–3]
 lateral approach	 40 [37–43]	 43 [39–46]	 3 [1–4]
Cup anteversion (°)	 25 [24–25]	 30 [29–31]	 5 [5–6]	 < 0.001 a

Cup anteversion amongst approaches (°)			   0.5 a

 anterior approach	 25 [24–26]	 30 [29–31]	 6 [5–6]
 posterior approach	 25 [23–26]	 30 [28–31]	 5 [4–6]
 lateral approach	 22 [18–25]	 27 [23–32]	 5 [3–8]	
Inclination in the target 	 369 (88) [84–91]	 348 (83) [79–87]	 –21 (5) [3–7]	 < 0.001 b

Anteversion in the target	 325 (78) [73–82]	 213 (51) [46–56]	 –112 (27) [23–30]	 < 0.001 b

Inclination and anteversion 
 in the target 	 290 (69) [65–74]	 183 (44) [39–49]	 –107 (26) [21–30]	 < 0.001 b

LL (°)		  53 [52–55]
SS (°)		  38 [38–39]
PI (°)		  54 [53–56]
PT (°) 		  16 [15–17]
PFA (°) 		  191 [190–192]
PI–LL (°) 		  1 [0–2]
PI–LL >10°		  89 (21) [17–25]	
LL <45° 		  103 (25) [21–30]	

∆ = difference between standing and supine; SFP = sacro–femoral–pubic angle; LL = lumbar 
lordosis; SS = sacral slope; PI = pelvic incidence; PT = pelvic tilt; PFA = the pelvic-femoral angle.
The target = 40° ± 10° in inclination and 20° ± 10° in anteversion.
a Paired samples t-tests.
b Chi-square.
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Figure 3. Cup inclination and anteversion in supine and standing. 
The percentage of cups within the supine safe zone (white area) was 
greater in supine than in standing. In the standing position, half of the 
cups exhibited anteversion higher than the safe zone.

Cup orientation in supine and 
standing position 
Mean cup inclination was 40° (SD 
7; CI 40–41) supine and 43° (SD 7; 
CI 42–43) standing. Similarly, mean 
cup anteversion was 25° (SD 7; CI 
24–25) supine and 30° (SD 8; CI 
29–31) standing. Supine, 290 (69%, 
CI 65–74) of THAs were within 
target cup orientation (anteversion 
and inclination), and 183 of cups 
(44%, CI 39–49) were within target 
when standing, resulting in a further 
107 (26%, CI 21–30) being out of 
target when standing (Table 2 and 
Figure 3). 

No differences between approaches 
were seen (Table 2).  The 1 hip with 
instability had an anteversion of 20° 
and an inclination of 43° in the supine 
position. There was a 3° change in 
anteversion and a 2° change in incli-
nation between the supine and stand-
ing positions.

Cup orientation differences 
between postures
Δinclination increased by 2° (SD 3, 
CI 2–3) and Δanteversion by 5° (SD 
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Patients with reduced lumbar lordosis (LL < 45°) or flatback 
deformity (PI–LL > 10°) did not exhibit a difference in cup 
anteversion variation between the supine and standing posi-
tions compared with the rest of the cohort. 

± 10°/20 ± 10° for inclination/anteversion when standing 
would exhibit low cup version when supine. Thus, standing 
cup orientation boundaries need to be redefined if standing 
cup orientations are to be used as the orientation of relevance 

Table 3. Cup anteversion variation between supine and standing in subgroups. Continuous values are mean [CI], categorical 
values are number (%) [CI of %]
 					   
 					   
 			   ∆ anteversion				  
Factor	 < 5°	 ≥ 5°	 P value	 < 10°	 ≥ 10°	 P value
 					   
Cases	 223 (53) [48–58]	 196 (47) [42–52]		  365 (87) [84–90]	 54 (13) [10–16]	
Age, mean	 64 [62–65]	 65 [64–67]	 0.2 a	 64 [63–65]	 67 [65–70]	 0.053 a

Sex 			   0.02 b			   < 0.001 b

 Women	 115 (52) [45–58]	 124 (63) [56–70]		  195 (53) [48–59]	 44 (81) [69–91]	
 Men	 108 (48) [42–55]	 72 (37) [30–44]		  170 (47) [42–52]	 10 (19) [9–31]	
Anteversion supine (°)	 25 [24–26]	 24 [23–25]	 0.3 a	 25 [24–25]	 25 [23–26]	 0.9 a

Anteversion standing (°)	 27 [26–28]	 33 [32–34]	 < 0.001 a	 29 [28–30]	 37 [35–39]	 < 0.001 a

∆SFP (°)	 3 [3–4]	 7 [6–7]	 < 0.001 a	 4 [4–4]	 9 [8–10]	 < 0.001 a

PI standing (°)	 53 [52–55]	 56 [54–57]	 0.06 a	 54 [53–56]	 54 [51–58]	 1 a

PT standing (°)	 15 [14–16]	 17.5 [16–19]	 0.002 a	 16 [15–17]	 19 [17–22]	 0.003 a

PFA standing (°)	 190 [189–191]	 193 [191–194]	 0.007 a	 191 [190–192]	 193 [191–196]	 0.08 a

PI–LL > 10° 	 46 (21) [16–27]	 43 (23) [17–29]	 0.8 b	 79 (17) [13–22]	 10 (19) [10–33]	 0.6 b

LL < 45° 	 63 (29) [23–36]	 40 (21) [15–27]	 0.057 b 	 91(26) [21–31]	 12 (23) [13–37]	 0.7 b

 					   
For Abbreviations, see Table 2.						    
a Mann–Whitney test.						    
b Chi-square.						    

Table 4. Cup orientation variations in supine and standing between individual parameters. 
Values are mean [CI]

Factor	 ∆inclination (°)	 P value	 ∆anteversion (°)	 P value

Sex		  0.009 a 		  0.006 a

 women (n = 239)	 3 [2 to 3]		  6 [5 to 7]	
 men (n = 180)	 2 [1 to 2]		  5 [4 to 5]	
Approach		  0.5 b		  0.5 b

 anterior (n = 234)	 2 [2 to 3]		  6 [5 to 6]	
 posterior (n = 158)	 2 [2 to 3]		  5 [4 to 6]	
 lateral (n = 27)	 3 [1 to 5]		  6 [4 to 9]	
Dislocation		  1 a 		  0.5 a

 yes (n = 1)	 2 		  3 	
 no (n = 418)	 2 [2 to 3]		  5 [5 to 6)	
Age, rho	 0.08 [–0.02 to 0.18]	 0.1 c	 0.10 [0.01 to 0.20]	 0.04 c

BMI, rho	 0.04 [–0.07 to 0.14]	 0.5 c	 –0.04 [–0.14 to 0.07]	 0.5 c

Inclination supine, rho	 0.02 [–0.08 to 0.11]	 0.7 c	 –0.03 [–0.13 to 0.06]	 0.5 c

Anteversion supine, rho	 0.14 [0.04 to 0.23]	 0.006 c	 –0.04 [–0.14 to 0.05]	 0.4 c

Inclination standing, rho	 0.37 [0.28 to 0.45]	 < 0.001 c	 0.09 [–0.01 to 0.18]	 0.08 c
Anteversion standing, rho	 0.29 [0.20 to 0.38]	 < 0.001 c	 0.48 [0.40 to 0.55]	 < 0.001 c

∆SFP, rho	 0.55 [0.48 to 0.62]	 < 0.001 c	 0.62 [0.55 to 0.67]	 < 0.001 c

LL standing, rho	 0.05 [–0.04 to 0.15]	 0.3 c	 0.07 [–0.03 to 0.17]	 0.2 c

SS standing, rho	 –0.07 [–0.17 to 0.03]	 0.1 c	 –0.09 [–0.18 to 0.01]	 0.08 c

PI standing,rho	 0.03 [–0.07 to 0.3]	 0.6 c	 0.10 [0.01 to 0.19]	 0.049 c

PT standing, rho	 0.13 [0.03 to 0.23]	 0.009 c	 0.22 [0.13 to 0.31]	 < 0.001 c

PFA standing, rho	 0.20 [0.10 to 0.29]	 < 0.001 c	 0.17 [0.07 to 0.26]	 0.001 c

PI–LL standing, rho	 –0.03 [–0.13 to 0.07]	 0.6 c	 0.01 [–0.08 to 0.11]	 0.8 c

∆Leg length, rho	 –0.05 [–0.16 to 0.06]	 0.4 c	 –0.08 [–0.19 to –0.03]	 0.2 c

For Abbreviations, see Table 2.
a Mann–Whitney.
b Kruskal–Wallis.
c Pearson’s correlation.

Discussion 

This study aims to (i) characterize 
cup orientations when supine and 
standing; (ii) determine orientation 
differences between postures; and 
(iii) identify factors associated with 
magnitude of orientation differ-
ences. We showed that the percent-
age of patients with cup orientation 
within target range was higher in the 
supine position than when stand-
ing, which is unsurprising as such 
targets have been set with studies 
analyzing supine radiographic cup 
data [5,20]. Furthermore, transition-
ing from supine to standing leads to 
an increase in cup inclination and 
anteversion, which would lead to 
many cups considered to be mal-
orientated due to high cup inclina-
tion and/or version. Consequently, 
planning for a standing cup orienta-
tion using values established from 
supine assessments would lead to 
a substantial reduction in antever-
sion and inclination when supine. 
Many cups with orientations of 40 
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in hip arthroplasty. In our study, the main factors that could 
predict the change in acetabular anteversion between the 
two positions that should be considered during component 
implantation were the change in pelvic tilt between positions, 
standing pelvic tilt, and the amount of acetabular inclination/
anteversion. 

Transitioning from supine to standing is associated with an 
increase in inclination and anteversion of approximately 2° and 
5° respectively. This is similar to previous literature reporting 
a change in inclination of 3° and a change in anteversion of 
6° between supine and standing [14]. Similarly, Tiberi et al. 
reported a prevalence of 53% of patients presenting a varia-
tion of more than 5° in cup anteversion/inclination between 
supine and standing position [21]. The number of patients with 
cup orientation within the target zone of 40° ± 10° antever-
sion and 20° ± 10° inclination was higher in the supine posi-
tion (69%) compared with the standing position (44%). Sev-
eral studies have questioned the effectiveness of a so-called 
“safe” zone to predict dislocation risk [10]. However, failure 
to appreciate differences in cup orientation between postures 
may lead to cup orientation being erroneously mislabeled as 
“non-optimal” or “optimal” in the literature. Our study dem-
onstrated that utilizing the zonal boundaries defined on supine 
patient positions may not be applicable to standing patient 
positions due to the differences in cup orientation between 
supine and standing positions. Therefore, a distinct optimum 
zone for cup orientation should be established for standing 
positions. Thus, more studies with standing position measure-
ments should assess which functional orientation (supine or 
standing) is superior in identifying at-risk patients for disloca-
tion and what cup orientation margins are acceptable. 

When standing the hip is extended and at potential risk of 
posterior-impingement and anterior dislocation (especially 
with further femoral extension and external rotation)[3]. A 
significant increase in cup inclination and anteversion when 
standing is associated with a reduction in space associated with 
implant-on-implant impingement posteriorly. Factors that fur-
ther exacerbate posterior impingement risk are increased fem-
oral version and reduced offset (more common in females). 
Individual assessment of how tilt changes between supine and 
standing postures is thus of value and should be accounted 
for as a significant change in orientation between postures 
was seen in many cases but not consistently for all [7].  Vari-
ability (2 x SD) among individuals was 5° for a difference 
in inclination and 9° for a difference in anteversion between 
postures, and 47% exhibited Δanteversion of 5° or more. Cer-
tain demographic and anatomical variables were associated 
with changes in cup orientation between postures [26]. 80% of 
patients with a difference in anteversion > 10° between supine 
and standing were women. Women exhibited greater change 
in pelvic tilt (ΔSFP) and greater cup anteversion, both factors 
contributing to Δanteversion seen between supine and stand-
ing. Women exhibit greater pelvic mobility compared with 
men when transitioning between postures [27]. Furthermore, 

we found that age was correlated with an increase in antever-
sion. An age-related increase in PT variation between supine 
and standing was previously observed by Hamada et al., who 
found a variability of 5° preoperatively compared with 10° 
variability at 20 years postoperatively [28]. Such findings and 
observations would mean that increased caution is necessary 
not to result with excessive functional cup anteversion in all 
patients and especially in older females with degenerative 
spines as they may have compound risk for posterior impinge-
ment due to morphological factors (offset, version, tilt).

In our study, change in pelvic tilt between supine and stand-
ing—as measured by ∆SFP—was 5°, which is in line with 
previous studies among patients treated with THA [14,29]. The 
degree of change in pelvic tilt was strongly correlated with 
changes in both inclination and anteversion. The variation in 
cup orientation is therefore secondary to an increase in poste-
rior pelvic tilt occurring upon standing. While the difference 
in anteversion between supine and standing positions showed 
a weak correlation with standing pelvic tilt, PTstanding was 
still 4° higher in cups that demonstrated a difference in ante-
version of more than 10°. Patients with a higher PTstanding 
may therefore be expected to have a bigger difference in cup 
anteversion between supine and standing [21].

Limitations
First, cup orientation measurements were conducted using 
supine anteroposterior pelvic radiographs. Use of radio-
graphs is sensitive to the center of the beam and can only 
account for pelvic obliquity, therefore not considering pelvic 
rotation or tilt, both of which affect cup orientation. The utili-
zation of supine and standing CT scans would have enhanced 
the precision and accuracy of cup orientation measurements. 
However, it was important to perform a pragmatic study that 
would be applicable as per standard of care provided in both 
centers without subjecting the patients to increased radiation 
exposure. Second, the outcomes derived from EBRA depend 
on the operator and the predetermined reference points, which 
may lead to measurement inaccuracies, especially when mul-
tiple cup designs are used. However, previous studies have 
demonstrated the validity and reproducibility of EBRA in 
conducting these specific measurements [30]. Additionally, 
as the objective of the study was to compare cup orientation 
between the supine and standing positions, the emphasis was 
not on providing absolute measurement values but rather on 
highlighting differences. As a result, the risk of bias in mea-
surement errors in cup orientation was minimized. Third, it 
was decided not to obtain lateral spinopelvic radiographs 
when supine, to minimize the cohort’s radiation exposure. 
For assessment of the change, SFP has been shown to have an 
excellent ability to detect changes in pelvic tilt and was thus 
considered the parameter of choice [19]. Fourth, as there was 
only 1 dislocation in the cohort, we were unable to identify 
a specific cup positioning zone associated with a lower risk 
of dislocation. However, the primary aim of the study was to 
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quantify the change in anteversion and inclination between 
supine and standing positions. How supine and standing cup 
orientations vary between unstable and stable THAs has been 
reported previously [3]. 

Conclusion
Cup orientation differs significantly between supine and stand-
ing postures. Upon standing, both cup inclination and version 
increase. The variability of change is about 5° for inclination 
and 9° for anteversion. Women, advanced age, patients with 
a high cup anteversion, and a high standing pelvic tilt exhibit 
greater changes in cup orientation. This should be considered 
during preoperative planning; as surgeons position the cup 
in the supine position, these patients are at risk of presenting 
with excessive anteversion in the standing position.

In perspective, standing cup orientation boundaries need to 
be redefined if standing cup orientations are to be used when 
accounting for spinopelvic characteristics preoperatively. 
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