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Background: This study aimed to investigate the relationship between 3-dimensional (3D) alignment and
postoperative bone mineral density (BMD) changes with Accolade II tapered wedge stems, which have a
different proximal shape from other tapered wedge stems, up to 5 years after primary total hip
arthroplasty.
Methods: We retrospectively analyzed the hips of 89 patients who underwent total hip arthroplasty
using the second-generation proximally coated cementless stem (Accolade II; Stryker Orthopedics,
Mahwah, NJ) at our institution from 2014 to 2018 over a 5-year follow-up. We evaluated the relationship
between stem alignment, measured using 3D-templating software, and BMD changes in the 7 Gruen
zones and compared the data with those from a former study using other short taper-wedge stems.
Results: BMDs in zones 1 and 7 continued to decrease gradually every year after surgery, and BMD in
zone 7 showed the largest decrease (21%) from baseline over 5 years. No correlation was found between
stem alignment (varus/valgus, flexion/extension, and anteversion/retroversion) and changes in BMD in
each zone over 5 years.
Conclusions: Our data showed no correlation between 3D stem alignment and changes in BMD in each
Gruen zone over 5 years. This suggests that the Accolade II stem may fit better into any shape of the
proximal medullary canal because of its unique characteristics.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Taper-wedge cementless stems have a long history, and good
long-term (>20 years) results have been reported. Additionally,
short taper-wedge stems have advantages including preserving
bone stock, resisting stress shielding, and promoting periprosthetic
bone formation, and they are suitable for minimally invasive total
hip arthroplasty (THA) [1-10].

The design of the stems can be a contributing factor in the
decrease of bone mineral density (BMD), which results in post-
operative aseptic loosening, stem subsidence, and periprosthetic
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fractures [11]. However, the proximal shape of each short taper-
wedge stem is slightly different. The size of the conventional
stem increases outward and the medial curve remains the same as
the size increases; conversely, with the second-generation proxi-
mally coated cementless stem, Accolade II (Stryker Orthopedics,
Mahwah, NJ), the medial curve gradually changes as the stem size
becomes bigger, for better adaptation of the femoral canal shape
thanks to a more anthropomorphic dimension ratio between its
proximal and distal portions and to the variation in size of the
radius of curvature of its medial side [12].

Not only the stem shape but also stem alignment affect stress
shielding, aseptic loosening, or postoperative BMD [13,14]. A finite
element method study reported that stress distribution in peri-
prosthetic bone was dependent on stem alignment [15]. We have
previously reported 3-dimensional (3D) stem alignment and BMD
changes of 7 Gruen zones [16] with the conventional taper-wedge
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stem (Tri-Lock BPS; DePuy Synthes, Raynham, MA) up to 5 years
postoperatively [14]. In that study, significant negative correlations
between varus insertion and a decrease in BMD in zone 7 and be-
tween flexed insertion and decreases in BMD in zones 2, 3, and 4
were observed 5 years postoperatively.

The purpose of the present study was to (1) investigate the
relationship between 3D alignment and postoperative BMD
changes with Accolade II taper-wedge stems, which have a
different proximal medial shape from other tapered wedge stems,
up to 5 years after primary THA, and (2) discuss the difference
between Accolade II and the other types of taper-wedge stems we
have previously investigated.

Material and methods

Ethics statements

This studywas approved by the institutional review board of our
institution. The requirement for informed consent was waived
because of the retrospective nature of the study. After approval, the
patients’ medical records and radiologic data were retrospectively
evaluated.

Study design and population

In this retrospective single-center cohort, we analyzed 115 hips
of selected patients who had undergone THA using short taper-
wedge cementless stems (Accolade II) at our institution between
April 2014 and April 2018, with at least 5-year follow-up data. We
performed THA by using only 2 stems (Tri-Lock BPS and Accolade II)
randomly. In this study, only patients who had been followed up for
at least 5 years and had available clinical and radiological datawere
included (K.I.). Eligible patients included those who had undergone
primary THA performed by a single surgeon. The inclusion criterion
was osteoarthritis (caused by primary osteoarthritis, develop-
mental dysplasia of the hip, or idiopathic osteonecrosis of the
femoral head) without prior hip surgery. The exclusion criteria
were ipsilateral surgical history, THA for femoral neck fracture, and
an inadequate follow-up period. Consequently, 89 hips from 89
patients (65 women and 24 men) were analyzed.

Datawere retrieved frompatients’ electronicmedical records. THA
was performed via themodifiedWatson-Jones approach in the lateral
position by a single experienced surgeon. Cancellous bone removal in
zone 7 was not performed, and conventional rasps, instead of com-
pactors, were used during the femur-rasping procedure.

Outcome measurements

We evaluated the clinical results by comparing the preoperative
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score with the scores recorded at 3 months and at 1, 2, 3,
4, and 5 years after surgery. Occurrences of dislocations, infections,
loosening, and all complications requiring revision arthroplasty
were documented.

We further evaluated radiological outcomes based on the pre-
operative intramedullary canal shape (stovepipe-shaped, cham-
pagne flute-shaped, or standard shape) and results of computed
tomography (from the pelvis to the femur) in the supine position
before surgery and 3 months postoperatively, as previously re-
ported [14].

All preoperative planning and postoperative evaluations of stem
alignment had been completed using the computed tomography-
based 3D templating software (LEXI, Tokyo, Japan), as previously
reported [14]. The definitions of the femoral axis, varus or valgus,
and flexion or extension axis used were previously reported [14].
The coordinate system recommended by the International Society
of Biomechanics included 3 points: the center of the femoral head
and the medial and lateral condyles of the femur. Anteversion was
defined as the angle between the stem and the International So-
ciety of Biomechanics coordinate plane.

BMD around the stem was measured using dual-energy X-ray
absorptiometry at 3 weeks (as a baseline), 3 months, and 1, 2, 3, and
5 years after surgery. The BMD changes in the Gruen zones [16]
were calculated by the percentage change from baseline. Based on
BMD at 3 weeks, we evaluated the correlation between stem
alignment, measured using 3D templating software, and post-
operative BMD changes in the 7 Gruen zones at 1, 2, 3, and 5 years.

Statistical analysis

Continuous variables are presented as means (ranges), whereas
categorical variables are presented as absolute frequencies and
percentages. The Mann-Whitney U test was used to compare the
WOMAC scores and BMD changes between male and female pa-
tients. Bonferroni correction was used to account for the fact that
there were multiple comparisons of BMD changes between male
and female patients. The Spearman coefficient was used to analyze
the relationship between postoperative stem alignment (flexion-
extension, varus-valgus, and anteversion-retroversion) and
changes in BMD levels in the 7 Gruen zones. Statistical significance
was set at P < .05. Statistical analyses were performed using IBM
SPSS Statistics for Windows (version 26.0; IBM Corp., Armonk, NY).

Results

Patients’ mean age at surgery, body mass index, and follow-up
period were 67.9 (44-86) years, 23.8 (15.3-36.6) kg/m2, and 74.2
(60-108) months, respectively. The baseline BMD was significantly
lower in females in each Gruen zone. In all 89 patients, the intra-
medullary canals were stovepipe-shaped in 6 hips, champagne
flute-shaped in 18 hips, and standard in the other 65 hips.

The mean WOMAC score improved significantly from 43.2 (13-
87) points preoperatively to 6.4 (0-40) points at 1 year
postoperatively (P < .001); however, there were no significant
differences between the scores at 1 and 5 years postoperatively
(P ¼ .817). No dislocation, infection, aseptic loosening, or other
complications requiring a revision arthroplasty were observed.

BMD in zone 7 showed the largest decrease from baseline over 5
years (3 months, 4%; 1 year, 13%; 2 years, 17%; 3 years, 17%; and 5
years, 21%). BMDs in zones 1 and 7 continued to decrease gradually
every year after surgery (Table 1, Fig. 1). There were no differences
in BMD change rates by gender except for Zone 1 at 5 years; females
had significantly lower BMD than males. No correlation was found
between stem alignment (varus/valgus, flexion/extension, and
anteversion/retroversion) and changes in BMD in each zone over 5
years (Table 2).

Discussion

In this study, BMD decreased most significantly in Gruen zone 7
at all postoperative follow-up points. This tendency has been re-
ported by some researchers about many kinds of cementless stems
[17-20]. Inaba et al. [17] investigated the periprosthetic BMD
changes in 3 types of stems (ie, fit-and-fill type stems, Zweymüller
type stems, and short taper-wedge type stems) and similarly found
the largest BMD decrease in zone 7 in all stem types at 3 years
postoperatively. They reported that short taper-wedge stems
showed a BMD loss of approximately 20% compared with 30% fit-
and-fill and Zweymüller type stems in zone 7. With Accolade II,
which has a different shape from other short taper-wedge stems,



Table 1
BMD changes in the Gruen zones.

Zone 1 Y 2 Y 3 Y 5 Y

Zone 1
All patients 0.92 0.90 0.89 0.87
Male 0.89 0.96 0.92 0.91
Female 0.91 0.89 0.87 0.86
P-value .93 .06 .24 .02

Zone 2
All patients 0.98 0.98 0.99 1.00
Male 1.00 1.00 1.00 1.02
Female 0.97 0.97 0.98 1.00
P-value .13 .13 .37 .46

Zone 3
All patients 1.00 0.98 0.98 1.00
Male 1.00 1.00 0.96 1.00
Female 0.99 0.97 0.98 1.00
P-value .46 .95 .46 .18

Zone 4
All patients 0.98 0.98 0.99 0.99
Male 0.94 0.98 0.98 1.01
Female 0.98 0.98 0.99 0.99
P-value .89 .85 .46 .28

Zone 5
All patients 0.97 0.97 0.98 1.00
Male 0.96 0,98 0.96 0.99
Female 0.98 0.97 0.98 1.00
P-value .49 .16 .62 .78

Zone 6
All patients 1.01 1.01 1.01 1.00
Male 1.02 1.04 1.05 1.04
Female 1.01 1.00 1.01 0.99
P-value .33 .24 .36 .17

Zone 7
All patients 0.88 0.83 0.83 0.79
Male 0.91 0.87 0.88 0.86
Female 0.87 0.83 0.82 0.78
P-value .76 .10 .17 .10

The Mann-Whitney U test and Bonferroni correction were applied to compare the
BMD changes in male and female patients. None of the statistical tests reached
significance.
Values showing significant differences (P < .05) are shown in bold.
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BMD loss was 17% in zone 7 at 3 years after surgery. This suggests
that these stems result in lower BMD loss than fit-and-fill and
Zweymüller-type stems in zone 7. We also reported that BMD
Figure 1. Changes in BMD in each Gruen zone. Changes in BMD in zones 1 and 7 gradually
bone mineral density; Z, zone.
decreased with other taper-wedge stems (Tri-Lock BPS; DePuy
Synthes) at 5 years postoperatively. BMD loss in zone 7 at 5 years
was approximately 31% for Tri-Lock BPS, compared with 21% for
Accolade II. [14] This suggests that the different shape of Accolade II
reduces stress shielding more strongly than traditional short taper-
wedge stems do, although the short taper-wedge stem was origi-
nally designed to resist stress shielding.

Moreover, we previously reported significant negative correla-
tions between varus insertion and a decrease in BMD in zone 7 and
between flexed insertion and decreases in BMD in zones 3 and 4 at
1 year. At 5 years in the present study, significant negative corre-
lations were observed between varus insertion and a decrease in
BMD in zone 7 and between flexed insertion and decreases in BMD
in zones 2, 3, and 4. With increased varus/flexion stem alignment,
BMD loss decreased. However, in this study, no correlation was
found between stem alignment and changes in BMD in each zone
over 5 years. This suggests that Accolade II may fit better into any
shape of the proximal medullary canal because of its unique char-
acteristics; the medial wedge angle decreases as the stem size in-
creases (Fig. 2). Consequently, BMD in zones 1 and 7 was equally
decreased compared to the remarkably decreased BMD in zone 7
for the conventional taper-wedge stem. Even if the stem was
inserted in flexion, as the distal cortical bone in zones 2 and 3 is less
loaded, we assumed that bone density at 5 years may not be
affected by the stem alignment of Accolade II.

Generally, femoral BMD in each Gruen zone of female patients
was lower than the male’s. Liu et al. [21] reported that female pa-
tients older than 50 years lost significantly more BMD than male
patients or patients younger than 50 years. In addition, female
patients showed significantly more serious stress shielding than
male patients. In our study, there were no differences in BMD
change rates by gender except for Zone 1 at 5 years, but BMD
baseline was lower in females and BMD decrease rates in zone 2-7
of female patients were bigger than male patients; it’s not statis-
tically significant.

In this study, 6 hips were stovepipe-shaped, 18 hips were
champagne flute-shaped, and 65 hips were standard. Some
research has reported that there are more champagne flute-shaped
hips than stovepipe-shaped hips in the Asian population [3,22,23].
Liu et al. [22] reported that the proportion of champagne flute-
shaped hips was significantly larger in the Chinese population,
decreased over time, and those in zone 3 were >100% at 5 years postoperatively. BMD,



Table 2
Correlation between 3D stem alignment and BMD changes in the Gruen zone.

Alignment Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7

Varus
1 y
correlation 0.052 �0.115 �0.196 0.073 �0.077 �0.093 0.112
P-value .648 .302 0.08 .516 .494 .417 .32

2 y
correlation 0.102 �0.161 �0.039 0.221 0.152 �0.033 0.054
P-value .375 .153 .734 .054 .186 .774 .641

3 y
correlation 0.158 �0.073 �0.189 �0.13 �0.013 0.033 0.11
P-value .188 .547 .115 .279 .917 .786 .362

5 y
correlation 0.047 �0.148 �0.138 �0.028 �0.129 0.171 0.179
P-value .698 .225 .257 .817 .291 .16 .141

flexion
1 y
correlation 0.041 �0.06 �0.054 0.017 0.029 0.079 0.137
P-value .713 .959 .635 .881 .794 .487 .221

2 y
correlation �0.147 0.04 0.021 0.043 0.082 0.195 0.185
P-value .688 .722 .858 .709 .48 .089 .107

3 y
correlation 0.048 �95 0.047 �0.034 0.101 0.064 0.099
P-value .693 .431 .695 .778 0.4 .596 .41

5 y
correlation 0.207 0.042 �0.61 �0.042 0.092 0.189 0.176
P-value .086 .735 .621 .729 .453 .12 .147

Anteversion
1 y
correlation 0.009 0.083 �0.56 �0.52 �0.114 �0.035 0.019
P-value .468 .458 .619 .642 .312 .759 .869

2 y
correlation 0.113 �0.152 0.032 0.089 0.065 �0.2 �0.212
P-value .165 .174 .785 .442 .573 .082 .064

3 y
correlation 0.156 0.063 0.137 0.108 0.059 �0.125 �0.091
P-value .194 .6 .256 .372 .628 .297 .452

5 y
correlation 0.057 0.076 0.121 0.119 0.085 �0.022 0.038
P-value .64 .536 .321 .332 .485 .859 .757

The Spearman coefficient was used to analyze the correlation between 3D stem alignment and BMD changes.
P < .05 was considered statistically significant.
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whereas the proportion of standard hips was significantly smaller
in the Western population. Umer et al. [3] found that in a Pakistani
population, 67% of individuals had standard hips, whereas 1% and
Figure 2. Difference of the proximal medial shape betw
33% of them had stovepipe-shaped and champagne flute-shaped
hips, respectively. We assumed that Accolade II fit more cham-
pagne flute-shaped hips than stovepipe-shaped hips. In this study,
een Accolade II and a standard taper-wedge stem.
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we did not compare each BMD change and 3D stem alignment of
the medullary canal shape because the number of stovepipe-
shaped hips was too small.

There are some limitations to this study. First, only a single
surgeon performed all operations, so the stem alignment may
reflect the surgeon’s preference. However, the correlation between
stem alignment and BMD was not affected by the surgical tech-
nique, so the outcome does not lose its generality. Second, we
evaluated BMD only in the anteroposterior plane. If the sagittal
plane was also evaluated, flexed or extended stem insertion might
have influenced postoperative BMD. Third, this study had a retro-
spective study design, and 26 patients were excluded because
complete data were unavailable, which introduced significant se-
lection bias. Forth, a surgeon randomly selected the stem with his
preference. So, we couldn’t rule out the possibility of selection bias.
Sixth, overrepresentation of females may have influenced the re-
sults of this study, even though therewere no complications related
to BMD decrease or statistical significance in terms of gender,
except for zone 1 at 5 years. Finally, the number of hips analyzed
was small in this study; therefore, we were unable to analyze the
relationship between stem size and periprosthetic BMD. Despite
these limitations, we believe that these results showed the poten-
tial of 3D templating software to define the relationship between
stem alignment and changes in BMD around the stem,which can be
helpful after THA.

Conclusions

Accolade II, with its unique characteristic of the medial wedge
angle decreasing as the stem size increases, may be less likely to
affect BMD around the stem regardless of its 3D alignment and
reduce stress shielding over 5 years after THA. When THA is per-
formed with Accolade II, there may be less need to be strict about
stem alignment in terms of postoperative BMD changes. In the
future, a prospective randomized controlled trial should be con-
ducted, and comparing the results for each medullary cavity shape
would clarify the indication of Accolade II.
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