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Background: Precise preoperative planning improves postoperative outcomes in
total hip arthroplasty (THA), especially in developmental dysplasia of the hip (DDH)
cases. Previous studies used the T-line and midcortical-line as preoperative
landmarks to predict postoperative stem anteversion (PSA). However, the most
reliable landmark in predicting PSA in DDH patients remains unclear. To find
the most reliable measurement to predict the PSA in DDH patients, this study
compared the midcortical-line and T-line at different femoral neck levels.
Methods: Pre- and postoperative Computed Tomography (CT) scans of 28 hips in
21 DDH patients who received THA were obtained for three-dimensional femoral
models. The preoperative CT scan was used to measure the anteversion of the
midcortical-line on the axial cross-sectional plane images (AM-CT), the
anteversion of the midcortical-line from 3D models (AM-3D), and the T-line
from 3D models (AT-3D) at simulated osteotomy planes at 5 and 10 mm
heights proximal to the base of the lesser trochanter. The correlation between
the preoperative femoral anteversion (AM-CT, AM-3D, AT-3D) and the PSA was
assessed to evaluate the prediction accuracy.

Results: The correlations between the AM-CT and the PSA were 0.86 (mean
difference (MD)=19°) and 092 (MD=-3.0° at 5 and 10 mm heights,
respectively. The correlation between the AM-3D and the PSA were 0.71 (MD =
-11.6°) and 0.61 (MD=-12.9°) at 5 and 10 mm heights. The AT-3D was
significantly greater (MD = 15.4°) than the PSA (p-value <0.01) at 5 mm cutting

Abbreviations

DDH, developmental dysplasia of the hip; CT, computed tomography; THA, total hip arthroplasty; ICC,
interclass correlation coefficient; AM-CT, the anteversion using the midcortical-line based on CT; AM-3D,
the anteversion using the midcortical-line based on 3D models; AT-3D, the anteversion using the T-line
based on 3D models; PSA, postoperative stem anteversion; LCEA, lateral center-edge angle; ISB,
international society of biomechanics; ROM, range of motion; IMI, The intersection of midcortical-line
with the inferior margins of the plane; NFA, native femoral anteversion.
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height, and the correlation between the AT-3D and the PSA was 0.57 (MD =7.8°) at 10 mm

cutting height.

Conclusions: The AM-CT at the 10 mm height had the strongest correlation with the PSA
and was more reliable in predicting the PSA when compared with the AM-3D and the AT-

3D in DDH patients.

KEYWORDS

midcortical-line, T-line, postoperative stem anteversion, developmental dysplasia of the hip
(DDH), total hip arthroplasty (THA)

Introduction

Appropriate postoperative stem anteversion (PSA) in total
hip arthroplasty (THA) is critical to achieving implant
stability, the optimal range of motion (ROM), and avoiding
impingement (1-8). The combined anteversion technique,
which considers the sum of acetabular cup anteversion and
femoral anteversion, has been clinically proven to prevent
implant impingement if controlled in a safe zone of 25°-50°
(8-11). The stem anteversion is more challenging to control
during surgery, or to predict preoperatively. Therefore, the
“femur-first” technique (9, 12) was developed. The cup
anteversion can then be intraoperatively calculated to the stem
the the
prediction of PSA can play a decisive role in the implantation

anteversion and match safe zone. Therefore,
target of the acetabular cup, which can optimize the
combined anteversion of the preoperative planning process.
Accurate predictions of the PSA may improve surgical
outcomes after THA.

Few studies have used the anatomical landmarks of medical
images to predict the PSA prior to THA implantation. Suh et al.
(13) reported that the midcortical-line is compatible with the
true femoral anteversion using a single slice of CT. However,
Tsukeoka et al. (14, 15) demonstrated that the stem tended to
retroversion compared with the midcortical-line on the cut
surface of the femoral neck. These differences in the reliability
of the different

methodologies. Others used the lesser trochanter to estimate

midcortical-line  could attribute to
the PSA intraoperatively which has shown to have a mean
difference of <5° (16). However, it is difficult to evaluate the
version of the lesser trochanter using a surgical incision other
than the posterior approach. The T-line landmark that
connects the trochanteric fossa and the inferior margins on
the cut surface was found to be a reliable and reproducible
intraoperative reference to produce a stable and functional
THA (15). During THA surgery, the T-line reproduces the
native femoral anteversion (NFA) in osteoarthritis and DDH
patients (14, 15). Through the definition of femoral stem
torsion in THA simulation surgery, the T-line was also
validated that the accuracy of using a T-line to guide version
during implantation of the femoral stem would not be
affected by the degree of subluxation of the femoral head (15).
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3D analyzes are thought to better simulate the intraoperative
THA. Detailed 3D
particularly helpful in complex preoperative planning in
patients with developmental dysplasia of the hip (DDH) (5,
14, 15, 17). However, 3D analysis requires intensive work and

view before information may be

is therefore not practical in daily practice. The relatively
convenient use of CT images for PSA prediction has also not
been evaluated for its efficiency in DDH patients.
Furthermore, the level of the CT images selected in
predicting the PSA also affected the accuracy. Yu et al. (3)
showed that AM-CT, which selected the CT images at a
proximal level, accurately predicted PSA for Crowe type II/III
DDH patients with a posterolateral approach and “acetabular-
first” technique. Tsukeoka et al. (15) simulated the osteotomy
process on 3D femoral models, which showed that the AT-3D
at 5mm cutting height proximal to the lesser trochanter
reproduced the NFA better than that at 10 mm. However, the
effect of different the T-line
measurement on predicting the PSA for DDH patients

osteotomy levels using
remains unknown, and the confirmation of the optimal
femoral neck level requires further investigation.

This (1) whether the
midcortical-line or the T-line was more reliable in predicting
the PSA in DDH patients; (2) to find the optimal femoral
neck level at which the T-line and midcortical-line could

better predict PSA in DDH patients.

study aimed to investigate:

Materials and methods
Patient demographics

The Internal Review Board approved this study. 28 hips
were enrolled in this study retrospectively. The inclusion
criteria were: patients with DDH Crowe grade I to IV who
had undergone cementless THA and had received pre-and
postoperative femoral CT scans between May 2013 and
September 2015. The exclusion criteria were: patients who
underwent an osteotomy lower than the lesser trochanter level
during surgery, patients without femoral head or neck,
patients who had prior hip surgery, patients who missed the
pre-operative or postoperative lower limb CT images, and
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TABLE 1 Characteristics in DDH patients.

Parameters Mean = SD
Age 64.5+8.9
Weight (kg) 64.0 +10.2
Height (m) 1.6 +0.1
BMI (kg/m?) 24.7 £3.1

patients who had a surgical complication of dislocation or
component subluxation on the implanted hips. A total of 17
hips were Crowe type I (<50% subluxation); 6 Crowe type II/
I (50%-75%/75%-100% subluxation); and 5 Crowe type IV
(>100% subluxation) (18) (Table 1). According to the
guideline of Crowe classification, the dysplasia with the lateral
center-edge angle (LCEA) of the participants was less than
20° measured from a radiograph.

Surgical procedure

All DDH hips received cementless THA prostheses (Stryker
Secur-Fit, Mahwah, New Jersey, United States; DePuy
SUMMIT, Warsaw, IN, United States) with metaphyseal fit
stems by the same experienced arthroplasty surgeon (ZZ)
using a posterolateral approach. Intraoperatively, the femoral
stem was implanted using the “femur-first” technique (9, 12),
in combination with the evaluation of the medullary cavity,
femoral geometry, and acetabular position (19), and experience.

Measurements based on CTs

The pre- and postoperative CT scans were obtained using
128-slices CT scanners (Somatom Definition Flash®, Siemens
Healthcare, Germany) with 1 mm slice thickness and in-plane
resolution of 0.98 mm. The preoperative CT images at 5 mm
and 10 mm heights above the lesser trochanter were selected
(Figure 1A). The midcortical-line was defined as the anterior
and posterior cortex’s angular bisector (3, 13). The AM-CT is
the angle between the midcortical-line and Posterior Condylar
Axis (PCA) on each level as proposed (3) (Figure 1B). The
PSA was measured as the angle between the femoral stem
neck axis on the axial CT images and the PCA from the
postoperative CTs (Figure 1C). The anatomical coordinate
system referred to the International Society of Biomechanics
(ISB) recommendations (20).

Measurements based on 3D models

The pre- and postoperative CT images were imported into
commercial software (Amira 6.7, Thermo Fisher Scientific,
Waltham, MA, United States) to reconstruct the 3D surface
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A Different Section Height

FIGURE 1

The schematic illustration of the measurements based on CT. (A)
The selection of two different CT section height on femur, which
are 5mm and 10 mm height above the proximal end of the lesser
trochanter. (B) AM-CT was defined as the angle between the PCA
(white dotted line) and the midcortical-line (white solid line),
which is the angular bisector of anterior cortex and posterior
cortex (red solid line). (C) PSA was defined as the angle between
the PCA and the femoral stem neck axis (bright sky-blue solid line).

A Different Osteotomy Height B D ronn lane

Osteotomy plane

FIGURE 2

The schematic illustration of the measurements based on 3D model.
(A) The simulated osteotomy plane pass through the center of
piriformis fossa and the location at the 5 mm and 10 mm heights
above the lesser trochanter. (B) AM-3D was defined as the angle
between the midcortical-line and the PCA. (C) AT-3D was defined
as the angle between the PCA and the T-line. IMlI was the
intersection of midcortical-line with the inferior margins of the
osteotomy plane.

models (21). The anteversion using the midcortical-line and
T-line were measured based on the 3D models (AM-3D; AT-
3D) (14). The simulated osteotomy plane was determined
through the center of the piriformis fossa and the 5 and
10 mm cutting heights proximal to the lesser trochanter
(Figure 2A). AM-3D was defined as the angle between the
midcortical-line (the connecting line between the center of the

frontiersin.org


https://doi.org/10.3389/fsurg.2022.966617
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Jiang et al.

best fitting circles obtained from the medial and inferior
margins of the simulated osteotomy plane) and the PCA (14)
(Figure 2B). AT-3D was defined as the angle between the T-
line (the line connecting the trochanteric fossa and the
inferior margins of the plane) and the PCA (14) (Figure 2C).

Statistical analysis

All data met the normal distribution, and the measurements
were calculated using Excel 2016 (Microsoft Excel, Redmond,
WA, United States). The data were analyzed using the mean
values + standard deviation of PSA, AM-CT, AM-3D, and AT-
3D. The differences between AM-CT, AM-3D, AT-3D, and
PSA were calculated by the mean difference (MD).
reliability ~ of  the
measurements was estimated by the intraclass correlation

Interobserver  and  intraobserver
coefficient (ICC). Pearson correlation coefficients (r) were
used to evaluate the correlations between AM-CT, AM-3D,
AT-3D, and PSA. The student’s t-test was used to determine
differences between parameters at 5 and 10 mm heights. The
statistical significance level (o) was set at 0.05.

Results

The ICC for intra-observer and interobserver reliabilities were
>0.9 for all measurements. The two-tailed Pearson correlation
coefficients are statistically significant for all measures.

A strong correlation was found for the AM-CT and the PSA
at the 5 and 10 mm heights (respectively, r = 0.86 with p-value
=0.000 and r=0.92 with p-value=0.000), and no statistically
significant difference was found (p-value=0.662 and 0.495).
The mean difference (MD) between the AM-CT at 5 mm
height (31.8°+15.3°) and the PSA (29.8°+17.7°) was 1.9°+
8.8°, and the MD between the AM-CT at 10 mm height
(26.8°+14.9°) and PSA was —3.0°+7.1° (Table 2).

A moderate correlation was found between the AM-3D and
the PSA at the 5 and 10 mm cutting heights respectively,

10.3389/fsurg.2022.966617

r=0.71 (p-value=0.000) and r=0.61 (p-value=0.001). The
mean AM-3D was 18.3°+12.5° at 5 mm and 16.9°+12.3° at
10 mm cutting height, which both were significantly smaller
than the PSA (p-value =0.007 and 0.003) (Table 2).

A moderate correlation was also found between the AT-3D
and the PSA at 5 and at 10 mm cutting heights, respectively,
which were r=0.56 (p-value=0.001) and r=0.57 (p-value=
0.001) in 5 and 10 mm groups. The mean AT-3D was 45.2° +
17.5° and was significantly greater than the PSA (p-value
<0.010) at 5 mm cutting height. The mean AT-3D was 37.6° £
15.2° and no significant difference was found between AT-3D
and PSA (p-value =0.084) at 10 mm cutting height (Table 2).

Discussion

The main finding of this study was that midcortical-line had
higher accuracy in predicting the PSA compared to the T-line.
Second, the 10 mm osteotomy level for AM-CT may best
predict the PSA compared to the AM-3D or AT-3D in DDH
patients. The AM-CT on the axial CT images at the 10 mm
height had the strongest correlation (r=0.92) and the smallest
difference with PSA (—3.0°+7.1°) compared to the other
methods. Therefore, clinical use of AM-CT to predict PSA (4,
8, 10) can best determine the anteversion of the acetabular
cup and help to control the combined anteversion in the safe
zone.

We found that the prediction of anteversion using the T-
line showed a moderate correlation with the PSA (r=0.56
and r=0.57 in the 5 and 10 mm groups) and can even be
significantly greater than the PSA (MD reached 15.4° in the
5mm group). This difference may be explained by the
conception of the T-line. The T-line is adjusted to get a larger
anteversion compared with the midcortical-line. The
adjustment corrected the proximal femoral deformity of DDH
patients due to the disease. Therefore, T-line can be a useful
intraoperative reference that helps reproduce the NFA as the
high correlation with the NFA reported in the article of
Tsukeoka et al. (15). The anteversion reference can be

TABLE 2 The different anteversions simulated based on various reference landmarks.

Parameters Height (mm) Angle (°)* Difference (°)* t-test p-value r Pearson correlation p-value
AM-CT 5 31.8+15.3 1.9+838 0.662 0.86 0.000**
10 26.8+14.9 —3.0+7.1 0.495 0.92 0.000**
AM-3D 5 1834125 —11.6+125 0.007* 071 0.000**
10 169+123 129+ 142 0.003* 0.61 0.001**
AT-3D 5 452+175 154+16.5 0.002* 0.56 0.001**
10 37.6+152 78+155 0.084 0.57 0.001%*
PSA N/A 29.8+17.7 N/A N/A N/A N/A

Difference = (AM-CT/AM-3D/AT-3D) — PSA; t-test = student's t-test; r = correlation coefficient.

PExpressed as mean + standard deviation.

*Indicates the difference is statistically significant in student's t-test (p-value <0.05).

**|Indicates the Pearson correlation coefficient is statistically significant (p-value <0.01).
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the
implantation of prostheses like SROM for DDH patients,

extremely meaningful in clinical application for
especially for patients in severe situations. However, the
orientation of the cementless femoral stem in implanting was
mainly dependent on the geometric shape of the proximal
medullary cavity. The intraoperative twist and press-fit result
in a certain pathological anteversion but lead to the deviation
from the anteversion of the T-line landmark.

On the other hand, the midcortical-line was strongly
correlated with the PSA of DDH patients, which is consistent
with the previous studies (3, 13). This may be because the
midcortical-line is created between the anterior and posterior
cortical line and met an actual axis of femoral anteversion
(13), which may influence the orientation of the cementless
stem in THA during implanting. Moreover, the patients
selected in this study included DDH patients with the
posterolateral approach, which expands the application range
of the conclusion that the AM-CT could be a reliable
landmark for predicting the PSA of DDH patients.

The height of the anatomic landmark is critical to the accuracy
of prediction. According to the previous studies (3, 13, 15), 5 and
10 mm heights proximal to the base of the lesser trochanter are
commonly chosen for osteotomy, which can preserve bone mass
and prevent trochanteric fractures. In this study, we observed a
strong correlation between the AM-CT at the two levels (5 and
10 mm height proximal to the lesser trochanter) and the PSA.
We found the AM-CT at 10 mm height was better than that at
5mm for predicting the PSA for DDH patients. These results
may be because morphological characteristics of the distal
femoral medullary cavity in DDH femurs tend to be more
circular or elliptical (6, 22), which created more difficulties in
confirming the anterior and posterior cortex. Therefore, 5 mm
height proximal to the base of the lesser trochanter of the CT
slices may cause a slight deviation in confirming the midcortical-
line compared to the 10 mm height group. Moreover, the
circinal or elliptical medullary cavity in the distal location can
provide a relatively greater adjustive range for stem implantation,
which resulted in the difference between PSA and predicted
stem anteversion (23). Therefore, the CT images at 10 mm
above the proximal end of the lesser trochanter are advised to
use in preoperative planning for DDH patients accurately.

The explanation of these phenomena is that the design of
cementless femoral stems is mainly based on the medullary
cavity morphology according to CT images (24). Therefore,
the postoperative anteversion of cementless stems with
adaptation in implanting may be relatively consistent with the
positional relationship between the stem and the proximal
femoral medullary canal observed on CT images. This may
also explain why the midcortical-line from cross-sectional CT
planes can be better correlated with PSA than the 3D models.
Therefore, the AM-CT based on the axis CT images was more
appropriate for predicting the PSA than the AM-3D based on
the 3D models in the preoperative planning. Furthermore,
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although using the 3D models can simulate the THA surgical
procedure, we did not find other landmarks from the
osteotomy planes of the 3D femoral model that have high
effectiveness in predicting PSA in this study. Therefore, we
believe preoperative planning based on CT images provides a
good solution for predicting the PSA.

This study has several limitations. First, the sample size of
this study was small. However, the Pearson correlation
coefficient is statistically significant at the 0.05 level (two-
tailed), which verified the validity of the sample. The sample
size of this experiment has certain reliability. Limited by the
sample size, it is hard for us to make a sub-group analysis
separately according to different Crowe types. Nevertheless,
the PSA is mainly depending on the cavity morphology,
which shared a similar trend in Crowe I-IV proximal femur
in the transverse section (23). Moreover, the selected plane for
obtaining the landmarks involved minimal areas that were
influenced by excessive deformation caused by DDH with
different severity, such as the femoral head and neck. Thus,
the difference caused by DDH Crowe types in conclusion
should be limited in this research. Second, even though the
cementless stem was reported as one of the most extensively
used stems in younger patients, the use of only one type of
femoral stem in this study was limited to a certain extent (22,
25). The cementless stem design mainly relies on the profile
of the femoral medullary cavity based on the CT cross-section
(26, 27). Other femoral stem types may affect the femoral
anteversion after implantation.

In conclusion, this study found that the AM-CT was the
most reliable preoperative reference guide for predicting the
PSA when compared to the AM-CT and the AT-3D in DDH
patients. The AM-CT at 10 mm height was better able to
predict the PSA than the 5 mm height proximal to the base of
the lesser trochanter in DDH patients. These findings further
underscore the importance of preoperative planning, as it may
be challenging to find reliable intraoperative landmarks which
can accurately predict the PSA for DDH patients.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding author/s.

included in article/supplementary material,

Ethics statement

The studies involving human participants were reviewed
and approved by Three-Dimensional Acetabular Orientation
Measurement in a Reliable CoordinateSystem Among One
Hundred Chinese. The patients/participants provided their
written informed consent to participate in this study.

frontiersin.org


https://doi.org/10.3389/fsurg.2022.966617
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Jiang et al.

Author contributions

Z]: study design, data data
interpretation, manuscript writing, manuscript revision, and

acquisition, analysis,
final approval of the submitted version. RC: study design, data
acquisition, data interpretation, manuscript revision, and final
approval of the submitted version. WAK: data interpretation,
manuscript revision, and final approval of the submitted
version. CX: data acquisition, data interpretation, manuscript
revision, and final approval of the submitted version. JL: data
acquisition, data interpretation. LW: study design, data
interpretation, manuscript revision, and final approval of the
submitted version. T-YT: study design, data interpretation,
and manuscript revision and final approval of the submitted
version. All co-authors have seen and agree with the contents
of the manuscript. The manuscript has not been submitted or
is not simultaneously being submitted elsewhere. All authors
contributed to the article and approved the submitted version.

Funding

This study was sponsored by the National Key Technology
Research and Development Program of the Ministry of Science
and Technology of China (grant no. 2019YFC0120600), and the

References

1. Hidaka R, Matsuda K, Nakamura M, Nakamura S, Kawano H. Optimal
combined anteversion range for obtaining a wider range of motion
without prosthetic impingement after total hip arthroplasty: a three-dimensional
analysis study. J Orthop Surg Res. (2022) 17:1-10. doi: 10.1186/s13018-022-
03112-6

2.1Li G, Peng Y, Zhou C, Jin Z, Bedair H. The effect of structural parameters of
total hip arthroplasty on polyethylene liner wear behavior: a theoretical model
analysis. J. Orthop. Res. (2020) 38(7): 1587-95. doi: 10.1002/jor.24577

3. Yu D, Zeng Y, Li H, Zhu Z, Liu F, Mao Y. Prediction of postoperative stem
anteversion in crowe type II/IIl developmental dysplasia of the hip on
preoperative two-dimensional computed tomography. ] Arthroplasty. (2020)
35:457-64. doi: 10.1016/j.arth.2019.09.037

4. Tezuka T, Heckmann ND, Bodner RJ, Dorr LD. Functional safe zone is
superior to the Lewinnek safe zone for total hip arthroplasty: why the Lewinnek
safe zone is not always predictive of stability. J Arthroplasty. (2019) 34:3-8.
doi: 10.1016/j.arth.2018.10.034

5. Inoue D, Kabata T, Maeda T, Kajino Y, Fujita K, Hasegawa K, et al. Value of
computed tomography-based three-dimensional surgical preoperative planning
software in total hip arthroplasty with developmental dysplasia of the hip.
J Orthop Sci. (2015) 20:340-6. doi: 10.1007/s00776-014-0683-3

6. Huang C, Tan H, Kernkamp WA, Cheng R, Liang J, Zhu Z, et al. Effect of
altered proximal femoral geometry on predicting femoral stem anteversion in
patients with developmental dysplasia of the hip. J Orthop Surg Res. (2019)
14:1-9. doi: 10.1186/s13018-018-1031-7

7. Belzunce MA, Henckel J, Di Laura A, Hart A. Uncemented femoral stem
orientation and position in total hip arthroplasty: a CT study. J Orthop Res.
(2020) 38:1486-96. doi: 10.1002/jor.24627

8. Yoshimine F. The safe-zones for combined cup and neck anteversions that
fulfill the essential range of motion and their optimum combination in total
hip replacements. ] Biomech. (2006) 39:1315-23. doi: 10.1016/j.jbiomech.
2005.03.008.

Frontiers in Surgery

06

10.3389/fsurg.2022.966617

Shanghai Association for Science and Technology (grant no.
21DZ2208200).

Acknowledgments

The authors would like to thank orthopedic surgeon
Dr. Zhenan Zhu for the assistance in surgical procedures.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

9. Renkawitz T, Haimerl M, Dohmen L, Gneiting S, Wegner M, Ehret N, et al.
Minimally invasive computer-navigated total hip arthroplasty, following the
concept of femur first and combined anteversion: design of a blinded
randomized controlled trial. BMC Musculoskelet Disord. (2011) 12:1-6. doi: 10.
1186/1471-2474-12-192

10. Imai H, Miyawaki J, Kamada T, Takeba ], Mashima N, Miura H.
Preoperative planning and postoperative evaluation of total hip arthroplasty that
takes combined anteversion. Eur J Orthop Surg Traumatol. (2016) 26:493-500.
doi: 10.1007/s00590-016-1777-8.

11. Dorr LD, Malik A, Dastane M, Wan Z. Combined anteversion technique for
total hip arthroplasty. Clin Orthop Relat Res. (2009) 467:119-27. doi: 10.1007/
$11999-008-0598-4

12. Renkawitz T, Weber M, Springorum H, Sendtner E, Woerner M, Ulm K,
et al. Impingement-free range of movement, acetabular component cover
and early clinical results comparing “femur-first’navigation and
“conventional’minimally invasive total hip arthroplasty: a randomised
controlled trial. Bone Joint J. (2015) 97:890-8. doi: 10.1302/0301-620X.97B7.
34729

13. Suh KT, Kang JH, Roh HL, Moon KP, Kim HJ. True femoral anteversion
during primary total hip arthroplasty: use of postoperative computed
tomography-based sections. ] Arthroplasty. (2006) 21:599-605. doi: 10.1016/j.
arth.2005.04.042

14. Tsukeoka T, Tsuneizumi Y, Lee TH. The T-line as an intraoperative landmark
for reproducing the native femoral anteversion during hip arthroplasty. Arch Orthop
Trauma Surg. (2014) 134:873-9. doi: 10.1007/s00402-014-1978-8.

15. Tsukeoka T, Tsuneizumi Y, Lee TH. A useful anatomical reference guide for
stem anteversion during total hip arthroplasty in the dysplastic hip. J Arthroplasty.
(2015) 30:1393-6. doi: 10.1016/j.arth.2015.03.030

16. Dimitriou D, Tsai T-Y, Kwon Y-M. The effect of femoral neck osteotomy on
femoral component position of a primary cementless total hip arthroplasty. Int
Orthop. (2015) 39:2315-21. doi: 10.1007/s00264-015-2739-1

frontiersin.org


https://doi.org/10.1186/s13018-022-03112-6
https://doi.org/10.1186/s13018-022-03112-6
https://doi.org/10.1002/jor.24577
https://doi.org/10.1016/j.arth.2019.09.037
https://doi.org/10.1016/j.arth.2018.10.034
https://doi.org/10.1007/s00776-014-0683-3
https://doi.org/10.1186/s13018-018-1031-7
https://doi.org/10.1002/jor.24627
https://doi.org/10.1016/j.jbiomech.2005.03.008
https://doi.org/10.1016/j.jbiomech.2005.03.008
https://doi.org/10.1186/1471-2474-12-192
https://doi.org/10.1186/1471-2474-12-192
https://doi.org/10.1007/s00590-016-1777-8
https://doi.org/10.1007/s11999-008-0598-4
https://doi.org/10.1007/s11999-008-0598-4
https://doi.org/10.1302/0301-620X.97B7.34729
https://doi.org/10.1302/0301-620X.97B7.34729
https://doi.org/10.1016/j.arth.2005.04.042
https://doi.org/10.1016/j.arth.2005.04.042
https://doi.org/10.1007/s00402-014-1978-8
https://doi.org/10.1016/j.arth.2015.03.030
https://doi.org/10.1007/s00264-015-2739-1
https://doi.org/10.3389/fsurg.2022.966617
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Jiang et al.

17. Tsai T-Y, Dimitriou D, Li G, Kwon Y-M. Does total hip arthroplasty restore
native hip anatomy? Three-dimensional reconstruction analysis. Int Orthop.
(2014) 38:1577-83. doi: 10.1007/s00264-014-2401-3

18. Crowe JF, Mani VJ, Ranawat CS. Total hip replacement in congenital
dislocation and dysplasia of the hip. ] Bone Jt Surg Am Vol. (1979) 61:15.
doi: 10.2106/00004623-197961010-00004

19. Capello WN. Uncemented total hip replacement. Tech Orthop. (1986)
1:12-21. doi: 10.1097/00013611-198610000-00006

20. Wu G, Siegler S, Allard P, Kirtley C, Leardini A, Rosenbaum D, et al. ISB
recommendation on definitions of joint coordinate system of various joints for
the reporting of human joint motion—Part I: ankle, hip, and spine. J Biomech.
(2002) 35:543-8. doi: 10.1016/50021-9290(01)00222-6

21. Rongshan C, Muyin H, Alexander KW, Huiwu L, Zhenan Z, Liao W, et al.
The severity of developmental dysplasia of the hip does not correlate with the
abnormality in pelvic incidence. BMC Musculoskelet Disord. (2021) 21(1):623.
doi: 10.1186/s12891-020-03632-4

22. Hailer NP, Garellick G, Kérrholm J. Uncemented and cemented primary
total hip arthroplasty in the Swedish hip arthroplasty register: evaluation of

Frontiers in Surgery

07

10.3389/fsurg.2022.966617

170,413  operations. Acta (2010)  81:34-41. doi:  10.3109/

17453671003685400

23. Zhang M, Liu B-L, Qi X-Z, Yang Q-Q, Sun J-Y, Zheng Q-Y, et al. The three-
dimensional morphology of femoral medullary cavity in the developmental
dysplasia of the hip. Front Bioeng Biotechnol. (2021) 9:546. doi: 10.3389/fbioe.
2021.684

Orthop.

24. Spitzer AL The S-ROM cementless femoral stem: history and
literature review. Orthopedics. (2005) 28:S1117-24. doi: 10.3928/0147-7447-
20050902-24

25. Hwang K-T, Kim Y-H, Kim Y-S, Choi I-Y. Total hip arthroplasty
using cementless grit-blasted femoral component: a minimum 10-year
follow-up study. J Arthroplasty. (2012) 27:1554-61. doi: 10.1016/j.arth.2012.
02.005

26. Stulberg SD, Stulberg BN, Wixson RL. The rationale, design characteristics,
and preliminary results of a primary custom total hip prosthesis. Clin Orthop Relat
Res. (1989) 249:79-96. PMID: 2684468

27. Walker PS, Robertson DD. Design and fabrication of cementless hip stems.
Clin Orthop Relat Res. (1988) 235:25-34. PMID: 3416530

frontiersin.org


https://doi.org/10.1007/s00264-014-2401-3
https://doi.org/10.2106/00004623-197961010-00004
https://doi.org/10.1097/00013611-198610000-00006
https://doi.org/10.1016/S0021-9290(01)00222-6
https://doi.org/10.1186/s12891-020-03632-4
https://doi.org/10.3109/17453671003685400
https://doi.org/10.3109/17453671003685400
https://doi.org/10.3389/fbioe.2021.684
https://doi.org/10.3389/fbioe.2021.684
https://doi.org/10.3928/0147-7447-20050902-24
https://doi.org/10.3928/0147-7447-20050902-24
https://doi.org/10.1016/j.arth.2012.02.005
https://doi.org/10.1016/j.arth.2012.02.005
https://pubmed.ncbi.nlm.nih.gov/2684468
https://pubmed.ncbi.nlm.nih.gov/3416530
https://doi.org/10.3389/fsurg.2022.966617
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	The midcortical-line is more reliable than the T-line in predicting stem anteversion in patients with developmental hip dysplasia after total hip arthroplasty
	Introduction
	Materials and methods
	Patient demographics
	Surgical procedure
	Measurements based on CTs
	Measurements based on 3D models
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


