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Abstract
The aim of this study was to compare acetabular offset, femoral offset, and global offset measurements obtained after total
hip arthroplasty (THA) between a two-dimensional (2D) method and a three-dimensional (3D) method. The subjects were 89
patients with unilateral osteoarthritis who underwent primary THA at our institution. Acetabular, femoral, and global offsets
were measured by each of the 2D and 3D methods in native and implanted hips. In native hips, mean acetabular, femoral, and
global offsets were 32.4 ± 3.3, 32.7 ± 4.5, 65.1 ± 5.7 mm, respectively, by the 2D method, and 32.3 ± 3.1, 38.1 ± 4.0, 70.4 ± 4.9
mm, respectively, by the 3D method. In implanted hips, mean acetabular, femoral, and global offsets were 27.6 ± 4.1, 33.8 ±
7.8, 61.4 ± 8.5 mm, respectively, by the 2D method, and 27.6 ± 3.9, 41.8 ± 6.2, 69.4 ± 7.2 mm, respectively, by the 3D method.
There was signi�cant difference in femoral and global offsets between the 2D and 3D methods in both native and implanted
hips. Comparison of the 2D and 3D methods for evaluation of acetabular, femoral, and global offsets after THA clari�ed the
usefulness and accuracy of the 3D method.

Introduction
Total hip arthroplasty (THA) is a highly successful surgical intervention performed to relieve pain and improve function in
individuals with advanced arthritis of the hip joint1. A primary goal of THA is to provide a stable hip by restoring joint
biomechanics2. Reconstruction of joint offsets promotes joint stability, which reduces the risk of dislocation and enables a
good range of motion with low risk of bony or soft-tissue impingement, su�cient abductor muscle strength without alteration
in gait, and minimized polyethylene wear2–8. Clement et al. have reported that the long-held biomechanical theory of
medialization of the acetabular component with compensatory increased femoral offset results in improved functional
outcome9.

Some reports have evaluated offset after THA using a two-dimensional (2D) method based on postoperative anteroposterior
radiographs. However, it has also been reported that offset measurements obtained from radiographs can be underestimated
compared with those obtained by computed tomodensitometry and a low-dose EOS imaging system10, 11. A recent study
reported that three-dimensional (3D) preoperative planning based on computed tomography (CT) imaging showed high
accuracy and consistency for hip reconstruction12. 3D planning software has also been used for the postoperative evaluation
of THA13–15. To the best of our knowledge, there are few reports to have undertaken a detailed comparison of offset values
between the 2D method using postoperative radiographs and 3D bone models obtained from CT data. We hypothesized that
the 3D method might be more accurate than the 2D method for evaluating offsets.

The aim of this study was to measure acetabular, femoral, and global offsets after THA, using a 2D method based on
postoperative anteroposterior radiographs and a 3D method based on bone models from CT data, and to compare offset
values between the two methods. Offset values were also compared between native hips and implanted hips after THA.

Materials And Methods
Patient selection. We performed primary THA using a cementless cup and non-modular cementless stem (Kyocera, Kyoto,
Japan) in 191 hips of 182 patients at our institution between June 2014 and March 2020. Of these, 89/182 patients with
unilateral osteoarthritis formed the study group (17 men, 72 women; mean age, 71.7 ± 7.7 years; mean weight, 55.1 ± 11.1 kg;
mean height, 152.2 ± 7.9 cm; mean body mass index, 23.7 ± 3.9 kg/m2). The diagnosis was secondary osteoarthritis due to hip
dysplasia in 73/89 hips (Crowe Group 1 in 62 hips, Group 2 in 9 hips, Group 3 in 2 hips), and primary osteoarthritis in 16/89
hips. The exclusion criteria were data loss, previous hip or pelvic fracture, severely deformed contralateral hip, or those who
had previously undergone surgery.

Radiological analysis. All patients admitted to the study underwent postoperative radiographic and CT examinations for the
assessment of offset within 2 weeks postoperatively. Standard anteroposterior pelvic radiographs were obtained with the
patient supine, with the lower limbs placed in internal rotation and the big toes touching each other to centre the patella. The
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2D method for evaluating offsets was described by Flecher as follows16. Acetabular offset was de�ned as the perpendicular
distance from the centre of rotation of the femoral head to the vertical trans-teardrop line. Femoral offset was de�ned as the
distance from the centre of rotation of the femoral head to the central axis of the femur (Fig. 1). Global offset was de�ned as
the sum of the femoral and acetabular offsets.

Helical CT with 1-mm slice interval was performed from the anterior superior iliac spine to the knee in all patients. Offset was
evaluated by the 3D method using the 3D-template system (ZedHip; LEXI Co., Ltd., Tokyo, Japan) as follows. Acetabular offset
for the 3D method was de�ned as the perpendicular distance from the centre of rotation of the femoral head to the teardrop
line in the functional pelvic plane after repositioning using the 3D-template system. Femoral offset for the 3D method was
de�ned as the perpendicular distance from the centre of rotation of the femoral head to a line passing through the centre of
two circles created in the proximal medullary cavity of the femur (Fig. 2). In addition, we checked that the line passing through
the centre of two circles passed the centre of the femoral proximal medullary cavity by reconstructing the coordinate plane.
Global offset for the 3D method was de�ned as the sum of the femoral and acetabular offsets for the 3D method.

Acetabular, femoral and global offset values in native and implanted hips were compared between the 2D and 3D methods.
Offset values were compared between native and implanted hips, and offset error in native and implanted hips was compared
between the 2D and 3D methods.

Statistical analysis. All statistical analyses were performed with EZR (Saitama Medical Centre, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria)17. Normal
distribution of values was assessed by the Kolmogorov–Smirnov normality test for each series of measurements. For data
with normal distribution, paired Student’s t-test was used for analysis. For data without normal distribution, continuous data
were analyzed using the nonparametric Wilcoxon signed-rank test and Spearman’s rank correlation coe�cient. Values of P < 
0.05 were considered signi�cant.

The reproducibility of the 2D and 3D methods was evaluated. For intra-observer reliability, one orthopaedic surgeon measured
each parameter twice in 10 hips, at an interval of ≥ 4 weeks. To test inter-observer reliability, two orthopaedic surgeons
measured each parameter twice on 10 hips, at an interval of ≥ 4 weeks. Intra-class and inter-class correlation coe�cients were
calculated to analyse the variability between observers. Values of 0.81–1.00 indicated almost perfect correlation; 0.61–0.80,
substantial correlation; 0.41–0.60, moderate correlation; 0.21–0.40, fair correlation; and 0.00–0.20, slight correlation18.

Ethics approval and consent to participate. This study was approved by Institutional Review Board at Mie University hospital
(H2018-083). All patients gave informed consent for the use of their surgical data in the study. The study was carried out in
accordance with the principles of the Helsinki declaration.

Results
Table 1 lists the intra-class and inter-class correlation coe�cients in native and implanted hips. There was almost perfect
correlation for all measurements.

In native hips, mean acetabular, femoral, and global offset values by the 2D method were 32.4 ± 3.3, 32.7 ± 4.5, and 65.1 ± 5.7
mm, respectively, and by the 3D method were 32.3 ± 3.1, 38.1 ± 4.0, and 70.4 ± 4.9 mm, respectively.

In implanted hips, mean acetabular, femoral, and global offset values by the 2D method were 27.6 ± 4.1, 33.8 ± 7.8, and 61.4 ±
8.5 mm, respectively; and by the 3D method were 27.6 ± 3.9, 41.8 ± 6.2, and 69.4 ± 7.2 mm, respectively. Statistical analysis
revealed no signi�cant difference between the 2D and 3D methods for acetabular offset in either native or implanted hips.
However, a signi�cant difference was found for femoral and global offset between the 2D and 3D methods for both native and
implanted hips (Table 2). With both the 2D and 3D methods, acetabular offset in implanted hips was signi�cantly smaller than
that in native hips. There was no signi�cant difference in femoral offset between native and implanted hips by the 2D method;
however, there was signi�cant difference in femoral offset between native and implanted hips by the 3D method. Regarding
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global offset, no signi�cant difference was observed between native and implanted hips by the 3D method, and global offset
was signi�cantly smaller in implanted hips than in native hips by the 2D method (Table 3).

Fig. 3 shows a histogram of offset error between the 2D and 3D methods. For acetabular offset, values in all patients were
within 6 mm for both native and implanted hips. However, there was considerable variation in femoral and global offset values
with errors of up to 24 mm. For error of global offset between native and implanted hips by the 2D method, agreement within
±3 mm was con�rmed in 26/89 THAs (29.2%), and agreement within ±5 mm was con�rmed in 41/89 THAs (46.1%). In
contrast, for error of global offset between native and implanted hips by the 3D method, agreement within ±3 mm was
con�rmed in 51/89 THAs (57.3%), and agreement within ±5 mm was con�rmed in 73/89 THAs (82.0%) (Fig. 4).

Discussion
In this study, we measured offset values after THA and compared these measurements between 2D and 3D methods. The
main �nding was that error between the 2D and 3D methods varied among the offset parameters. There was no signi�cant
difference in acetabular offset between the two methods. This result is very important because it indicates that the 2D method
can be used to evaluate acetabular offset with the same accuracy as the 3D method. No previous studies have compared
acetabular offset between 2D and 3D methods. In addition, postoperative acetabular offset in implanted hips was medialized
by 4.8 mm compared to that in the native hip by both the 2D and 3D methods. This result suggests that secondary
osteoarthritis such as acetabular dysplasia is common in Japan. Jingushi et al have reported a 9% incidence of primary
osteoarthritis and a 81% incidence of secondary osteoarthritis with hip dysplasia in Japan19. Of the present patients, 82% had
secondary osteoarthritis of the hip associated with acetabular dysplasia, which makes it di�cult to achieve placement in the
original anatomical position in THA. To obtain su�cient acetabular cup coverage and favorable clinical outcomes in THA for
patients with hip dysplasia, we usually place the cup more medially, then more proximally, and eventually use superolateral
bone grafting16, 20, 21. The resultant medialization of the hip centre has been estimated as 3–6 mm20, 22, 23. To maintain global
offset, medialization should theoretically be compensated for by an equivalent increase in femoral offset24. There are some
potential advantages of medialization of the hip centre and maintaining global offset. Bicanic et al. have reported that hip
load decreases when the cup is placed more medially or distally, and when the femoral neck is longer or lateral offset is
used25. Bonnin et al. have also reported that medialization of the cup decreased stresses on the head–cup interface and on
the abductor muscles, even when global offset was not restored. Moreover, they found that optimal outcome in terms of stress
was observed when the cup was medialised but global offset was restored26. Therefore, medialization of the hip centre and
maintaining global offset have the positive effect of decreasing hip load and also decreases the risk of bone or soft tissue
impingement, thus improving the range of motion of the hip joint and reducing the risk of dislocation27, 28.

In contrast, some studies have reported underestimation of femoral offset by the 2D method compared with the 3D method.
Lazennec et al. compared femoral offset between measurements obtained from radiographs and the EOS imaging
system11. Femoral offsets for native and implanted hips were 40 and 41 mm, respectively, using radiographs; and 43 and 45
mm, respectively, with the EOS imaging system. Pasquier et al. have reported preoperative and postoperative femoral offset
values of 38.97 and 41.83 mm, respectively, for radiographic measurement; and 42.9 and 44.68 mm, respectively, for CT-scan
measurement10. In addition, Lecerf et al. have reported mean femoral offset of 42.6 mm with radiographic measurement and
45.8 mm with CT-scan measurement29. In the present study, femoral offset was signi�cantly underestimated by the 2D
method compared with the 3D method in both native and implanted hips. Although femoral offset can be generally measured
on anteroposterior radiographs of the femoral neck with the lower limb in about 20 degrees of internal rotation, the
reproducibility of this method is poor, having mean error of about 9.7 mm16. In addition, internal rotation of 15–20 degrees
does not consistently compensate for femoral anteversion, which varies widely even in primary osteoarthritis4, 30. These
results indicate that the 3D method should be used to evaluate femoral offset.

Global offset was also signi�cantly smaller with the 2D method than with the 3D method in both native and implanted hips
because femoral offset contributes to underestimation of global offset. Furthermore, the error in global offset between the
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native and implanted hips was larger with the 2D method than with the 3D method. In their comparison of radiographic and
CT-scan measurements, Lecerf et al. have reported that radiographic measurement underestimated by >5 mm in 28% of
cases29. In a cadaveric study, Weber et al. have reported that 15 % of the radiographic global offset change measurements and
35 % of the femoral offset change measurements on plain radiographs were outside a tolerance limit of 5 mm compared to
the 3D-CT31. In the present study, error in global offset showed considerable variation according to evaluation method. These
results indicate that it is di�cult to accurately evaluate global offset using the 2D method; therefore, we recommend the 3D
method for this measurement.

There are two limitations of the present study. First, it is di�cult to plot accurately the centre of rotation when the femoral head
is severely deformed. This error may have slightly affected our results. Second, CT after THA has a higher radiation burden to
patients compared with that from radiographic measurements32. However, we consider that the bene�t of this method
outweighs the disadvantage of the higher radiation dose because our results clari�ed that offset evaluation is more accurate
with the 3D method.

In conclusion, the results of this study clari�ed differences in accuracy between 2D and 3D methods for evaluation of offset
parameters. Although there was no signi�cant difference between the methods for acetabular offset, the 2D method
signi�cantly underestimated femoral and global offsets compared with the 3D method. These results demonstrate the
accuracy and potential of the 3D method for evaluation of offset parameters following total hip arthroplasty.
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Tables
Table 1 Intra-class and inter-class correlation coe�cients.

Intraclass correlation coe�cient Interclass correlation coe�cient

2D 3D 2D 3D

Native
hip

Implanted
hip

Native
hip

Implanted
hip

Native hip Implanted
hip

Native
hip

Implanted
hip

Acetabular
offset

0.98

(0.94
   1.00)

0.99

(0.95   1.00)

0.99

( 0.97
   1.00)

1.00

(0.99   1.00)

0.97

(0.87
   0.99)

0.97

(0.88   0.99)

0.97

( 0.87
   0.99)

0.98

(0.92   1.00)

Femoral
offset

0.92

(0.69
   0.98)

0.98

(0.91   0.99)

0.93

(0.74
   0.98)

0.97

(0.89   0.99)

0.94

(0.76   0.99)

0.99

(0.94   1.00)

0.91

(0.64
   0.98)

0.95

(0.79   0.99)

Global
offset

0.97

(0.88
   0.99)

0.97

(0.90   0.99)

0.96

(0.85
   0.99)

0.98

(0.94   1.00)

0.98

(0.90
   0.99)

0.99

(0.97   1.00)

0.97

(0.87
   0.99)

0.97

(0.86  0.99)

Table 2 Comparison between 2D and 3D methods for acetabular offset, femoral offset, and global offset.
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Native hip Implanted hip

2D 3D p 2D 3D p

Acetabular offset

(mm)

32.4 ± 3.3

(27   46)

32.3 ± 3.1

(26   44)

0.614 27.6 ± 4.1

(20   40)

27.6 ± 3.9

(19   41)

0.655

Femoral offset

(mm)

32.7 ± 4.5

(21   41)

38.1 ± 4.0

(27   47)

< 0.01 33.8 ± 7.8

(16   54)

41.8 ± 6.2

(29   58)

< 0.01

Global offset

(mm)

65.1 ± 5.7

(53   78)

70.4 ± 4.9

(58   84)

< 0.01 61.4 ± 8.5

(44   85)

69.4 ± 7.2

(56   91)

< 0.01

Table 3 Comparison between native and implanted hips for acetabular offset, femoral offset, and global offset.

2D 3D

Native hip Implanted hip p Native hip Implanted hip p

Acetabular offset

(mm)

32.4 ± 3.3

(27   46)

27.6 ± 4.1

(20   40)

< 0.01 32.3 ± 3.1

(26   44)

27.6 ± 3.9

(19   41)

< 0.01

Femoral offset

(mm)

32.7 ± 4.5

(21   41)

33.8 ± 7.8

(16   54)

0.186 38.1 ± 4.0

(27   47)

41.8 ± 6.2

(29   58)

< 0.01

Global offset

(mm)

65.1 ± 5.7

(53   78)

61.4 ± 8.5

(44   85)

< 0.01 70.4 ± 4.9

(58   84)

69.4 ± 7.2

(56   91)

0.086

Figures
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Figure 1

Assessment of acetabular offset (AO) and femoral offset (FO) using the 2D method.
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Figure 2

Assessment of acetabular offset (AO) and femoral offset (FO) using the 3D method.
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Figure 3

Histogram of offset error between 2D and 3D methods by: a-c native hip; d-f implanted hip.
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Figure 4

Comparison of 2D and 3D methods for error of global offset between native and implanted hips.


