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Background: 10 

Accurate acetabular component positioning is paramount to the success of total hip 11 

arthroplasty. Two-dimensional imaging alone remains a popular tool for implant position 12 

assessment despite known limitations. We investigated the accuracy of a novel method for 13 

assessing acetabular component position based upon orthogonal simultaneous biplanar Xray 14 

images.  15 

 16 

Methods: 17 

There were forty consecutive patients who had a pre-existing total hip arthroplasty (THA) on 18 

the contralateral side who underwent both computed tomography (CT) and simultaneous 19 

orthogonal biplanar radiographic scans for pre-operative planning of THA. The operative 20 

inclination (OI) and operative anteversion (OA) of the acetabular cup were calculated by a new 21 

measurement method using the biplanar simultaneous scans.  Those measurements were 22 

compared to measurement of the cup orientation on CT.  The measurements were made by 23 

two independent observers. Interobserver correlation coefficients were calculated between the 24 

two observers to measure reliability. 25 

 26 

Results: 27 

The mean error in OA measurement of the acetabular cup between simultaneous orthogonal 28 

biplanar radiographic and CT imaging was 0.5° (Standard Deviation (SD): 1.9°, minimum -4.0°, 29 

maximum 5.0°), the mean error in OI was 0.0° (SD: 1.7°, minimum -5.0°, maximum 4.0°). The 30 

average absolute error was 1.5° for OA, and 1.2° for OI. Interobserver correlation coefficient 31 

was 0.83 for OA and 0.93 for OI.  32 

 33 

Conclusion: 34 

The novel method of measuring cup orientation using simultaneous biplanar radiographic scans 35 

utilized in this study was accurate and reproducible between observers compared to CT 36 

measurements. 37 

  38 
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Background 39 

Accurate placement and orientation of implants is essential to the success of total hip 40 

arthroplasty (THA). Correctly positioning the cup within the acetabulum is necessary to 41 

minimize the risk of joint dislocation, component wear, and limited range of motion and 42 

impingement [1,2]. In 1978, Lewinneck et al. proposed the often quoted goal of safe zone for 43 

acetabular component positioning of 40 ± 10 degrees of inclination and 15 ± 10 degrees of 44 

anteversion, which was determined by reviewing the inclination and anteversion of dislocating 45 

hips compared to non-dislocating hips[3]. Subsequent efforts to identify more robust targets 46 

for cup placement have been undertaken with larger data sets and patient specific factors such 47 

as pelvic tilt and rotation, but there remains no universal consensus on a safe zone.[4–11] Much 48 

of the difficulty in defining the concept of a safe zone comes from the limited ability to measure 49 

acetabular component positioning both intraoperatively and postoperatively. Snijders et. al. 50 

performed a systematic review of studies of acetabular cup orientation and dislocation, and 51 

identified a universal lack of uniformity in assessment of cup orientation. This was found to be 52 

due to inconsistent definitions of angles, reference planes, and measurement methodology or 53 

repeatability[4]. 54 

 55 

Three-dimensional (3D) imaging such as computed tomography (CT) allows for direct 56 

measurement of the angle of the cup and is considered the gold standard for evaluation of cup 57 

placement. Due to cost, time, and exposure to radiation, these scans are not routinely 58 

performed for postoperative acetabular component measurement, and traditionally angulation 59 

of the cup is measured on an antero-posterior (AP) Xray. Due to variation in patient positioning, 60 

distance and individual pelvic orientation relative to the X ray source and plate, this has been 61 

shown to be inaccurate[12], with one study demonstrating recorded errors in measurement of 62 

up to 30 degrees in anteversion using plain radiographs alone.[13] To address this need for 63 

accurate measurement, multiple methodologies to correct for pelvic rotation Xray offset have 64 

been developed, including synchronized Xrays and 2D/3D matching algorithms.[12,14,15] A 65 

recent review by Zhao et al. of these methodologies compared recent efforts in postoperative 66 

radiographic assessment, and determined that the 2D/3D matching algorithms show the most 67 
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 4 

promise with regards to accuracy of assessment[15], however, these accurate methods still 68 

require that 3D imaging is obtained prior to or after the surgery.  69 

 70 

We propose a novel methodology based on orthogonal simultaneous biplanar scans to measure 71 

acetabular component positioning without the need for 3D imaging. Through use of two 72 

simultaneous orthogonal scans at a known distance, the three-dimensional position of objects 73 

can be determined. We then compared measurements from this methodology with ground 74 

truth 3D imaging from a postoperative CT scan.  75 

 76 

Material and methods  77 

A novel methodology for measurement of the acetabular cup was developed based on biplanar 78 

simultaneous imaging. The accuracy of this method was tested by comparing measurements 79 

from the biplanar simultaneous imaging measurement method to measurements made on CT 80 

imaging with the CT measurements treated as the gold standard. There were forty patients who 81 

had an existing THA undergoing preoperative CT and biplanar scan evaluation for contralateral 82 

surgery chosen for this study. 83 

 84 

CT measurement: For measurement of cup orientation using CT, 3D surface models of the 85 

pelvis were created. The anterior pelvic plane (APP) was defined by selecting landmarks on the 86 

two anterior superior iliac spines and the most anterior point of the pubic symphysis (Figure 1). 87 

Then using a hip arthroplasty preoperative planning module (HipInsight System v1.4.3, Surgical 88 

Planning Associates, Boston, Massachusetts USA), a 3D computer aided design (CAD) file of an 89 

artificial acetabular cup was positioned to match the position of the existing cup to determine 90 

its orientation (Figure 2). The operative inclination (OI) and operative anteversion (OA) of the 91 

acetabular cup as defined by Murray[16] were calculated using the relative position of the 92 

acetabular cup and APP. This measurement from the scan was used as the ground truth of OI 93 

and OA for the acetabular component.  94 

 95 
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Simultaneous biplanar radiographic measurement: The simultaneous biplanar radiographic 96 

scans were acquired using the EOS Imaging System (ATEC, Carlsbad, California, USA), designed 97 

to take simultaneous AP and lateral orthogonal radiographic scans in a functional standing 98 

position[17]. In the system, standing AP and lateral orthogonal simultaneous radiographic scans 99 

are taken and positioned in the iso center of the EOS coordinate system according to 100 

Groisser[18]. An anterior pelvic plane was then constructed for each patient by selecting and 101 

back-projecting the anterior superior iliac spines (ASIS) and pubic symphysis landmarks defined 102 

on both images. A cup center was also defined on both images. Next, the center of a 3D CAD 103 

model of the specific size implant was placed at the center defined on the biplanar scans.  The 104 

position, operative inclination, and operative anteversion could be adjusted by the user (Figure 105 

3). Using the fan-beam projection model from the EOS images, all vertices defining the cup 106 

model were projected on the biplanar images as semi-transparent dots. This approach 107 

simulates different absorptions depending on the amount of material that an X-ray beam would 108 

have to pass through, and the cup center position of the 3D cup model was aligned to maximize 109 

the fit between cup shadow shown in both images and the projected overlays from the 3D cup 110 

model (Figure 4).  Once the position and orientation of the 3D CAD file produced projected 111 

overlays that reproduced the appearance of the cup on the images, the cup orientation could 112 

be determined according to Murray’s definitions of operative anteversion and operative 113 

inclination. 114 

 115 

Data analyses: The CT measurement was completed once for each patient and used as the 116 

ground truth of operative inclination and operative. Two independent observers performed the 117 

biplanar Xray measurements. The measured values of OA and OI from the biplanar Xray 118 

measurement were compared with the ground truth value from the CT measurement. 119 

Interobserver correlation coefficients were also calculated between the two observers to 120 

measure reliability using the methodology described in Koo et al.[19]. Demographics of patients 121 

were reported in a summary table. This study was approved by the New England Baptist 122 

Hospital, Boston, Massachusetts, IRB, 2022-07.  123 

 124 
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Results  125 

The mean error in operative anteversion measurement of the acetabular cup between the 126 

novel biplanar radiographic imaging technique and CT imaging was 0.5° (Standard Deviation 127 

(SD): 1.9°, minimum -4.0°, maximum 5.0°). The mean error in operative inclination 128 

measurement of the acetabular cup between the novel biplanar radiographic imaging 129 

technique and CT imaging was 0° (SD: 1.7°, minimum -5.0°, maximum 4.0°). The average 130 

absolute error was 1.5° for operative anteversion, and 1.2° for operative inclination. 131 

  132 

The interobserver correlation coefficient was 0.83 for operative anteversion and 0.93 for 133 

operative inclination.  134 

 135 

Discussion and Conclusion 136 

Assessment of the acetabular component orientation postoperatively is essential to evaluating 137 

the impact of component positioning on outcomes and to evaluating the impact of new surgical 138 

techniques and technologies. Routine cup orientation measurement using 3D imaging methods 139 

such as CT scans is impractical and rarely clinically indicated. Thus, single intraoperative or 140 

postoperative radiographs are routinely used to measure cup angle, but are associated with 141 

major errors in measurement[13]. Although techniques have advanced in postoperative cup 142 

measurement, the most accurate of current techniques involve using a preoperative 3D scan to 143 

match with postoperative radiographs (2D/3D matching)[15]. Yet these methods also of limited 144 

practicality since not all patients undergo preoperative CT imaging. This study proposes a novel 145 

methodology using commercially available biplanar radiographic imaging (EOS) to perform 146 

these measurements without any preexisting 3D imaging, which would allow for measurement 147 

of the great number of patients who do not have a 3D study either pre or postoperatively. 148 

 149 

This study demonstrated that the novel methodology is accurate, and without absolute 150 

individual measurement errors larger than 5 degrees from 40 patients. Furthermore, the 151 

measurements are reproducible among observers. The average absolute error of less than 2 152 

degrees, and the maximum absolute error of 5 degrees is well within the tolerance of published 153 
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safe zones for acetabular component positioning. Thus, this methodology may be useful in 154 

measuring clinically meaningful results from total hip arthroplasty in patients who do not have 155 

3D imaging. This methodology may be useful in evaluating acetabular component placement of 156 

novel surgical approaches or technologies, or may be employed in routine postoperative 157 

monitoring of THA patients to identify those at greater risk of complications due to component 158 

positioning. This method is currently limited to postoperative monitoring due to the biplanar 159 

radiographic technology, however, future applications may include intraoperative 160 

measurement, or preoperative planning to determine optimal acetabular component 161 

positioning prior to surgery.   162 

 163 

This study was limited by a relatively small sample size of 40 patients. Additionally, the authors 164 

performing measurements noted a ‘learning curve’ of making the measurements, feeling more 165 

facile with placement of the cup and landmarks as the study progressed, indicating that 166 

reliability of measurements may improve over time. The CT scan measurement was chosen as 167 

the ground truth due to precision of measurement with 3D imaging, however, interobserver 168 

differences in measurement of acetabular component positioning have been reported, with 169 

one study showing an average difference of version measurement of 1.57 degrees, and 95% 170 

limit of agreement of 3.1 degrees.[20] This additional source of error may increase the reported 171 

error found in this study.  Additionally, further research on cost effectiveness of this method 172 

should be undertaken prior to widespread use of this methodology, particularly if biplanar 173 

imaging may be used instead of CT for acetabular component-related complications. Future 174 

research may validate this methodology with larger datasets and more observers across 175 

institutions. 176 

 177 

The novel method proposed in this study was accurate and reproducible between observers for 178 

measuring acetabular component positioning on biplanar Xray compared to CT measurements. 179 

This method may be used to generate accurate assessment of acetabular component 180 

positioning when patients have not undergone 3D imaging. 181 

 182 
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Legend: 241 

Figure 1: Defining the anterior pelvic Plane with landmarks defined on a three-dimensional 242 

(3D) surface model generated from computed tomography images. 243 

 244 

Figure 2: Measurement of acetabular component angles on multiplanar reconstructions from 245 

the computed tomography dataset. 246 Jo
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Figure 3: Projection model of a 3D cup computer aided design file onto the biplanar 248 

simultaneous radiographic scans that replicates the appearance of the cup seen on the images.249 

 250 
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 252 

Figure 4: Projection of synthetic rays through a 3D cup computer aided design model onto the 253 

images with the cup positioned to replicate the position of the cup seen on the images. 254 

 255 
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Table 1: Results and demographics 257 

 258 
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