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Introduction

Total hip arthroplasty (THA) is required to reconstruct the hip
joint with a pain-free maximum range of motion without
dislocation. Malalignment of the prosthesis promotes
accelerated wear, dislocation, and revision [1,2]. Combined
acetabular component and stem anteversion has been reported
to reduce implant impingement and dislocation [3,4]. Short
cementless stems have been developed to preserve the
proximal bone stock and optimize proximal load transfer.
Although this concept is not novel, there are several benefits,
including easier insertion through smaller incisions and less
invasive techniques, simpler femoral preparation with
“broaching only,” and more favorable conditions in the potential
revision setting [5-7]. Several studies have demonstrated overall
survivorship of short stems at 94-100% after up to 18 years of
follow-up [7-9]. Although short stems have achieved adequate
results, the mean prevalence of stem malalignment was 0-9.9%
[10,11]. J-Taper was developed as a relatively shorter tapered
wedge stem with a smaller area of arc spray coating than
conventional tapered wedge stems (Figure 1). We examined
postoperative J-Taper version using computed tomography (CT).
We identified factors that affect postoperative version of J-Taper.

Methods

Demographic data of patient

We performed a retrospective study using preoperative and
postoperative CT scans. The study group comprised 59 hips who
had undergone primary THA by three surgeons (TS, YI, SK) at our
institution between February 2013 and October 2014 using a
short tapered stem (J-Taper; Kyocera Medical, Osaka, Japan).
Patients with a history of femoral osteotomy were excluded
because of changes in the femoral anatomy. The remaining 59
hips in 52 patients (15 men, 37 women) were included. The
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mean age at operation was 54.8 years (range 21-77 years), and
the mean body mass index was 23.5 kg/m2 (range 16.3-32.7
kg/m?). The preoperative diagnosis was osteoarthritis in 30 hips,
osteonecrosis of the femoral head in 27 hips, rapidly destructive
coxopathy in 1 hip, and rheumatoid arthritis in 1 hip.

Measurements

A ceramic-on-polyethylene bearing was used for all hips.
Preoperative femoral neck anteversion and postoperative
evaluation of the J-Taper were performed on CT images using
three-dimensional template software according to the
manufacturer’s protocol (Kyocera Medical) [12]. Briefly, a three-
dimensional model was constructed with CT scans (HiSpeed
Dx/i; GE Medical Systems, Milwaukee, WI, USA). The femoral
axis was projected onto the retrocondylar plane. The
retrocondylar plane of the femur included the most posterior
points of the medial and lateral femoral condyles [13-16] and
the most posterior point of the greater trochanter. The femoral
axis was the line between the knee center and the trochanteric
fossa. The X axis was defined as perpendicular to the
retrocondylar plane. The Y axis was defined as the line on which
the femoral axis was projected onto the retrocondylar plane.
The Z axis was defined as perpendicular to the X and Y axes [12].
The proximal femoral bone axis was defined as the line between
the center of the femoral canal at the level of the lesser
trochanter and the center of the femoral canal at the level of the
isthmus. The femoral stem axis was defined as the axis of the
distal half of the stem (Figure 1).
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Figure 1: Evaluation of anteversion of femoral neck.
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(A) Shape of the J-Taper stem. (B) A line between the centers
of the circles that represented the femoral cortex and femoral
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head was drawn. The angle between these lines was defined as
preoperative and postoperative stem anteversion. Anteversion
of the preoperative femoral neck and postoperative stem was
measured on the axial plane 1 cm above the level from the
superior end of the lesser trochanter. A line between the centers
of the circles that represented the femoral cortex and femoral
head was drawn. The angle between the line and the Z axis was
defined as preoperative and postoperative stem anteversion.

The change in anteversion was measured as postoperative
anteversion (°)-preoperative anteversion (°). The stem’s sagittal
alignment was measured as the angle between the femoral tilt
and the stem sagittal tilt on the sagittal plane: stem sagittal
alignment (°)=stem sagittal alignment (°)-femoral tilt (°). The
positive and negative stem’s sagittal axis values were defined
(Figure 2). The coronal alignment of the femoral stem was
defined as the difference between femoral lateral bowing and
the stem coronal angle on the coronal plane: stem coronal
alignment (°)=stem coronal angle (°)-femoral lateral bowing (°)
as previously reported. The positive and negative coronal stem
axis values were defined (Figure 2).
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Figure 2: Evaluation of stem sagittal and coronal alighment.
(A) Stem sagittal alignment on the sagittal plane (Stem sagittal
alignment=stem sagittal tilt-femoral tilt). (B) Stem coronal
alignment on the coronal plane (Stem coronal
alignment=stem coronal angle—femoral lateral bowing).
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We examined the intra- and inter-observer reliability of two of
the authors’ (HK, TS) evaluations of 25 consecutive hips. Intra-
observer reliability was excellent (0.979-0.878), as was the inter-
observer reliability (0.925-0.865).

Statistical analysis

A paired t-test was used to evaluate the difference between
native anteversion of femoral neck and stem version. Spearman
rank correlation coefficient was used to identify factors that
related to stem anteversion or increased stem anteversion
compared with femoral neck anteversion.

We evaluated eight factors, including native femoral neck
version, length of the femur, stem anteversion, increased stem
version, stem sagittal alignment, stem coronal alignment, body
height, and body weight. Following Spearman's correlation
coefficient test, we selected five factors-anteversion of the
femoral neck, stem version, stem lateral alignment, stem coronal
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alignment, body height-as explanatory variables for step-wise
multiple linear regression analysis of stem anteversion and
increased anteversion of stem. Analysis was performed using
BellCurve for Excel (Social Survey Research Information Co., Ltd.
Tokyo, Japan). Values of p<0.05 were considered to indicate
statistical significance.

Ethics Statement

The Ethics Committee on Clinical Research at our University
approved this research protocol.

Results

The demographic data are summarized (Table 1). The
measured values are summarized.

Table 1: Patients’ characteristics.
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alignment (p=0.045), and body height (p=0.048) were positively
correlated with stem aversion (Table 3). A 1° increase in femoral
neck anteversion caused a 0.3725° increase in stem version. A 1°
increase in sagittal alignment of the stem caused a 0.6592°
increase in the version of the J-Taper stem. A 1-cm increase in
body height caused a 0.2164° increase in the version of the J-
Taper stem.

The degree of stem version was significantly increased
compared with that of native femoral anteversion (p<0.01). The
angle of stem version was increased by 6.3° + 10.9° (Table 2).
Spearman's correlation coefficient test showed that anteversion
of the femoral neck (p<0.01) and stem sagittal alignment
(p<0.05) were significantly correlated with increased version of
stem. Step-wise multiple linear regression analysis showed that
native anteversion of the femoral neck (p<0.01), stem sagittal
alignment (p=0.045), and body height (p=0.0475) were
correlated with increased version of stem (Tables 3 and 4).

Table 3: Multivariate analysis for the version of the J-Taper stem.
Characteristic Number Percentage
Male 18 30.5% Parameter p-value Partial regression
coefficient
Female 41 69.5%
Body height 0.0475 0.2164
Osteoarthritis 30 50.8%
Anteversion of femoral neck 0.0000 0.3725
Osteonecrosis of the femoral head 27 45.8%
Sagittal alignment of stem 0.0450 0.6592
Rapidly destructive coxopathy 1 1.7%
Rheumatoid arthritis 1 1.7% Table 4: Multivariate analysis for the increased version of the J-
Taper stem.
average range
Age 54.8+15.4 21-77 Parameter p- Partial regression
value coefficient
Body height (cm) 157.4£9.2 135.0-175.6
Body height 0.047 0.2164
Body weight (Kg) 57.9+10.1 37.0-82.2 5
Body mass index (kg/m2) 23.5+3.6 16.3-32.7 Anteversion of femoral neck 0.000 -0.6275
0
Femoral length (mm) 350.7 £25.8 290.6-412.2
Sagittal alignment of stem 0.045 0.6592
0
The mean anteversion of the femoral neck was 26.1° £ 12.2°.

The mean stem version was 32.3°+9.0°. Spearman's correlation
coefficient test showed that anteversion of the femoral neck
(p<0.01), stem sagittal alignment (p<0.05), and body height
(p<0.05) were significantly correlated with stem version (Table
2).

Table 2: Radiographic data.

Measurement Average Range
Anteversion of femoral neck 26.1+12.2° -1.0-56.0°
Version of stem 32.3+9.0 11.7-55.6°
Sagittal alignment of stem 1.3+94 -5.5-9.0
Coronal alignment of stem 0.06+22 -6.4-5.4
Increased version of stem 6.3+10.9 -10.6-40.5

Step-wise multiple linear regression analysis showed that
native anteversion of the femoral neck (p<0.01), stem sagittal
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Discussion

Because femoral anteversion has a wide range of variability
[13-15], the acetabular component and stem should be placed
to optimize the combined anteversion [3,4]. It has been
reported that version of cementless stems, including the short
tapered stem, is increased compared with femoral anteversion
[12,13,16-18]. Our findings also showed that the version of the
J-Taper stem is increased. To the best of our knowledge, this is
the first report to evaluate the anteversion of J-Taper. We
showed that the version of J-Taper is affected by anteversion of
the femoral neck. Additionally, anteversion of the femoral neck
was negatively associated with increased stem version
compared with anteversion of the femoral neck.

Before the operation, we measured anteversion of the
femoral neck by CT. When anteversion of the femoral neck was
severe, we tried to decrease the stem version compared with
anteversion of the femoral neck as much as possible to achieve
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optimum total anteversion. This negative correlation between
the increased stem version and greater anteversion of the
femoral neck might be caused by liberalization of the J-Taper
placement. The version of metaphyseal-fit cementless stems is
defined by the canal version near the level of the center of the
lesser trochanter [16]. It might be easier to decrease the
anteversion with J-Taper than with the metaphyseal-fit
cementless stem.

We showed that version of the J-Taper stem was affected by
body height. It has been reported that anteversion of the femur
decreases with age in both normal hips and those with
congenital dislocations [17]. These findings indicated that
femoral growth decreases the anteversion of the femoral neck.
We hypothesized that the relation between version of the J-
Taper stem and body height might be caused by the relation
between femoral neck anteversion and body height or the
length of the femur. Pearson’s correlation coefficient test
showed that although there are high relation between length of
femur and body height (p<0.01), there were no relation
between length of femur and femoral neck anteversion. In
addition, multiple linear regression analysis showed that there
was no statistically significant relation between the length of the
femur and version of J-Taper when length of femur was used as
variable instead of body height (data not shown). Further
examinations are needed to elucidate the relation between
version of the J-Taper stem and body height.

We showed that version of the J-Taper stem was affected by
the stem’s sagittal alignment. It has been reported that the
stem’s sagittal alignment affects the version of cementless
stems. When the stem is placed at the anterior portion of the
femoral neck, the anterior wall of the neck interferes with the
stem version [16]. The version of the J-Taper stem might also be
affected by the anterior wall of the femoral neck, similar to
other cementless stems. Although it is unclear whether the
sagittal alignment of a cementless stem has an effect on the
dislocation rate or long-term results, surgeons should be aware
that it alters the stem version vs. the native version of the
femoral canal.

There are several limitations in this study. First, we grouped
osteoarthritis, osteonecrosis of the femoral head, rapidly
destructive coxopathy, and rheumatoid arthritis into a single
category of primary diagnoses. Our study had a high proportion
of hips with developmental dysplasia. There are usually a higher
proportion of hips with primary osteoarthritis than with
developmental dysplasia in Europe and the United States
[18,19]. Because developmental dysplasia of the hip has greater
femoral neck anteversion, the mean stem version and the mean
increased angle of stem version would be different in these
countries. All operations were performed using a posterolateral
approach because the anterior approach affects the stem’s
sagittal alignment [12]. The alignment and version of the J-Taper
stem are affected by the approach.

It has been reported that the stem version of the metaphyseal
fit stem approximates canal version near the level of the center
of the lesser trochanter [16]. The J-Taper stem was developed as
thick square shape at the distal portion to achieve rotational
stability. In all 59 cases, the distal square portion of the J-Taper
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stem made contact with the femoral cortex at more than three
points (average 5.5) (data not shown). This design concept might
affect the version and stem alignment of the J-Taper stem. These
findings also suggest that the J-Taper stem achieved primary
rotational stability. In addition, J-Taper stem showed no revision
and favorable results in all cases.

Conclusion

The version of the J-Taper stem was significantly correlated
with anteversion of the femoral neck, stem sagittal alignment,
and body height. The degree of stem version was significantly
increased compared with that of native femoral anteversion.
Femoral neck anteversion was negatively correlated, and stem
sagittal alignment was positively correlated, with an increased
angle of stem version. These findings will be helpful to surgeons
for preoperative planning and to achieve the appropriate
combined anteversion.
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