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Background: There are numerous reports of bone adaptation observed on plain radiography studies
after the use of cementless short stems in reverse shoulder arthroplasty. However, reports on changes in
bone mineral density (BMD) around the stem using dual-energy X-ray absorptiometry (DEXA) are
prominently absent. In the present study, we measured BMD around the stem using DEXA and inves-
tigated changes over time from postoperative year 1 to year 2. Additionally, the relationship between
BMD changes, filling ratio, and stem alignment was examined.
Methods: Forty-seven patients with short cementless stems who could be assessed via DEXA at 1-2
years postoperatively were included. After dividing the zones around the stem into 5, the BMD in each
zone was measured, in addition to BMD changes and amount of change from postoperative year 1 to year
2. The relationship between filling ratio and stem alignment on postoperative plain radiography was
assessed.
Results: A significant decrease in BMD in zone 3 was observed between postoperative year 1 and year 2
(P ¼ .02). Regarding filling ratio and stem alignment, a negative correlation between valgus stem
alignment and BMD change observed in zone 1 (r ¼ �0.470, P < .01). In addition, stem valgus greater
than 6� correlated with a significant decrease in BMD in zone 1. (P ¼ .01). No significant differences were
found in the other zones. Furthermore, there was no correlation between filling ratio and BMD change.
Conclusion: In reverse shoulder arthroplasty cementless short stems, changes that that occurred be-
tween postoperative year 1 to year 2 demonstrated a decrease in BMD in zone 3. In addition, a decrease
in BMD in zone 1 was observed with a stem alignment of valgus 6� or higher, suggesting that stem
alignment within valgus 6� is required to prevent a decrease in BMD.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Reverse shoulder arthroplasty (RSA) is an effective treatment for
cuff-tear arthropathy and shoulder osteoarthritis.3,20 Reverse
shoulder arthroplasty (RSA) implants have improved over the
years, especially with regard to stems; the use of cementless short
stems has steadily increased owing to the concept of preserving
bone stock.1 Notwithstanding its popularity, a common problem
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with cementless short stems is that bone adaptation increases in
cases with higher filling ratios (FR) of the stem.21,24

In particular, Schnetzke et al24 reported that regarding the
relationship between FR and high bone adaptations around the
stem, therewere no obvious signs at postoperative year 1; however,
at postoperative year 2, high bone adaptations were significantly
more common in patients with higher FR. However, these obser-
vations were qualitative in nature because theywere based on plain
radiography.

In total hip arthroplasty (THA), bone mineral density (BMD)
aroundthestem ismeasuredusingdual-energyX-rayabsorptiometry
(DEXA) to quantitatively evaluate changes over time.4,6,15 Applying
thismethod toRSA,weaimedtomeasure theBMDaround thestemof
the RSA using DEXA to facilitate quantitative evaluation.
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We hypothesized that BMD changes around the stem over time
might be related to stem positioning. Particularly, we considered
the changes to be related to stem positioning, especially changes
that occur from postoperative year 1 to year 2.

Thus, the objectives of this study included measuring BMD
around the stem of RSA using DEXA, investigating BMD changes
from postoperative year 1 to year 2, and exploring the
relationship of these changes to the FR of the stem and stem
alignment.

Materials and methods

Patients

As a retrospective study, informed consent was obtained from
each patient and ethical approval was obtained from the authors'
institutional review board (Approval No: 2021-277).

Patients who had undergone RSA using the Aqualis Asend Flex
(Stryker GmbH, Selzach, Switzerland) for cuff tear arthropathy or
irreparable rotator cuff-tear who could be followed up for at least 2
years postoperatively and evaluated for BMD via DEXA at post-
operative years 1 and 2 were included. Patients with revision RSAs,
fracture sequelae, dislocation or infection, and acute proximal hu-
meral fractures were excluded.

Among the 137 patients who underwent RSA between June
2019 and November 2020 at a single institution, we included 86
patients who underwent RSA using the Aqualis Asend Flex (Stryker
GmbH, Selzach, Switzerland). Three patients died during the
follow-up period and 18 were lost to follow-up. A total of 65 pa-
tients were followed up for > 2 years postoperatively. Of these,
cemented stems were used in 10 patients (2 cases of revision, 5
cases of fracture sequelae, and 1 case of infection). After excluding
these patients, BMD was measurable in 47 of the 47 patients at
postoperative years 1 and 2. The mean follow-up period was
34.2 ± 7.2 months (range: 25-48).

The average age was 76.3 ± 4.5 years (range: 67-86 years), with
22 men and 25 women. RSA was performed on the right side in 29
patients and on the left side in 18 patients. The average height,
weight, and body mass index were 154.4 ± 9.2 cm (range: 139.5-
171.5), 55.9 ± 9.8 kg (range: 37.8-77.3), and 23.4 ± 3.1 kg/m2 (range:
16.1-32.2), respectively.

Among the study participants, 2 had diabetes mellitus and 11
had hypertension or heart disease. Seven patients were treated for
Figure 1 Measurement of bone mineral density around the stem using dual energy X-ray ab
constant abduction position. The affected upper limb was externally rotated with the palm
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osteoporosis, including 2 patients receiving eldecalcitol, 1 patient
receiving bazedoxifene acetate, 1 patient receivingminodronic acid
hydrate, 1 patient receiving romosozumab, and 1 patient receiving
denosumab. All of these drugs for osteoporosis were administered
preoperatively, with no postoperative induction or discontinuation.

All patients showed a low level of shoulder usage in their daily
lives. All procedures were performed using the standard delto-
pectoral approach by the 2 surgeons T.M and I.Y. The stemwas used
in all cases with an inclination of 132.5� and an inclination of 12.5�

when using asymmetric polyethylene inserts for trays, resulting in
a humeral inclination of 145�. All patients underwent the same
postoperative protocol with a sling for 2 weeks. Assisted range of
motion (ROM) exercise was initiated 2 days postoperatively, and
free ROM exercise was initiated after weaning off the sling. The
strengthening program began 3 months postoperatively.

Dual-energy X-ray absorptiometry (DEXA) measurement protocol

Bone mineral density (BMD) was measured using a Lunar
Prodigy DEXA device (General Electric HealthcareMedical Systems,
Chalfont St Giles, Buckinghamshire, UK), and the shoulder, lumbar
spine, and femur were each scanned for evaluation. This device
may cause measurement errors due to the positioning of the
measurement site. All scans were performed in the supine position,
and the abduction position was maintained using a 15o abduction
brace. The upper extremities were placed in external rotation with
the palms facing outward (Fig. 1).

The imaging procedure involved obtaining images that included
the area from the elbow joint to the supraclavicular border. Twenty
centimeters were measured from the midpoint of the humeral
osteotomy surface, and an area up to 20 cmwas manually set as the
bone area (Fig. 2A). A region of interest was then established, 2 cm
proximal to the 20 cm point (Fig. 2B). Regarding zone classification,
the distance from the osteotomy surface to the tip of the stem was
measured on the bone axis and the length was divided into 2 equal
parts; this length was used as the standard length. Using the length
criterion, the circumference of the stem was then divided into 5
zones (Fig. 3). Bone mineral density (BMD) in these zones was
measured. The bonemineral content (BMC, g), area (cm2), and BMD
(g/cm2) were calculated. The interobserver error for BMD mea-
surement was determined by the interclass correlation coefficient
of the 3 assessors (3 musculoskeletal radiologists) blinded to the
identity of the patients. The order of patients was randomized for
sorptiometry. The patient was placed supine with a 15o abduction brace to maintain a
facing outward.



Figure 2 Setting up the region of interest (ROI). The imaging procedure obtained images to include the area from the elbow joint to the supraclavicular border. (A) Twenty
centimeters were measured from the midpoint of the humeral osteotomy surface, and an area up to 20 cmwas manually set as the bone area. The represents humeral osteotomy
surface, and is midpoint of humeral osteotomy surface. The is 20 cm. (B) An ROI was then established, 2 cm proximal to the 20 cm point. The is the ROI.

Figure 3 Classifying 5 zones around the stem. For zone classification, the distance
from the osteotomy surface to the stem tip was measured on the bone axis and divided
into 5 equal parts based on the length bisected.
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each evaluation to avoid bias, and each reviewer was blinded to the
measurements made by the other reviewers. Lumbar spine and
femoral BMDweremeasured as a percentage of themean for young
adults (aged 20-44 years) and defined as YAM.
Radiographic examination

A true anterior-posterior view of the glenohumeral joint was
captured to investigate the FR of the stem and stem alignment
based on the report of Raiss et al21 The inclination of the stem
relative to the humeral shaft axis was measured in degrees. The FR
of the humeral shaft was measured at the level of the diaphysis and
metaphysis. The relationship between changes in BMD, FR of the
stem, and stem alignmentwas investigated. The intraobserver error
for the FR of the stem and alignment was determined by the
interclass correlation coefficient of 1 author (K.N.) blinded to the
identity of the patients. The author repeated themeasurement after
1 month to assess intraobserver reliability.
Statistics

The ShapiroeWilk test was used to test for normality. Means
and standard deviations were calculated for continuous variables. A
paired t-test was used to compare differences in the BMD values by
zone around the stem and BMD of the femur at postoperative years
1 and 2. Intraclass correlation coefficients (ICCs) for BMD were
calculated according to the standard statistical methods (ICC 2,1 for
interobserver reliability), and ICCs for the FR of the stem and stem
alignment were calculated according to the standard statistical
methods (ICC 1, 1 for intraobserver reliability). The ICCs were re-
ported as demonstrating slight (�0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), or almost perfect agreement
(0.81-1.00). The ShapiroeWilk test showed a normal distribution of
DEXA results; therefore, the paired t-test was used for statistical
comparison of BMD changes. Correlations between BMD changes



Table I
Bone mineral density and bone mineral density changes at 1 and 2 years postoperatively.

BMD (g/cm2) BMD change (％) P value

1 year postoperatively 2 years postoperatively

Zone 1 0.49 ± 0.13 (0.279-0.815) 0.49 ± 0.13 (0.27-0.81) 1.02 ± 14.08 (�36.13-39.04) .98
Zone 2 0.87 ± 0.28 (0.44-1.67) 0.88 ± 0.28 (0.38-1.66) 0.53 ± 9.94 (�22.47-19.50) .97
Zone 3 0.89 ± 0.29 (0.53-1.87) 0.87 ± 0.27 (0.51-1.60) �2.06 ± 7.40 (�24.36-18.01) .02*
Zone 4 0.92 ± 0.23 (0.55-1.55) 0.90 ± 0.22 (0.52-1.48) �1.87 ± 11.1 (�40.02-16.82) .09
Zone 5 0.68 ± 0.24 (0.24-1.26) 0.65 ± 0.20 (0.29-1.11) 1.57 ± 39.86 (�0.51-37.67) .21

BMD, bone mineral density.
Paired t-test.

*P < .05.

Table II
Correlation of bonemineral density changes by zoneswith the stem filling ratios and
stem alignment.

FR met FR dia Stem alignment
(Valgus)

r P value r P value r P value

Zone 1 �0.07 .63 0.03 .85 �0.47 <.01*
Zone 2 �0.01 .94 0.21 .15 �0.16 .29
Zone 3 �0.17 .26 �0.11 .47 �0.21 .15
Zone 4 �0.19 .21 0.01 .94 �0.20 .18
Zone 5 �0.02 .88 0.19 .21 �0.15 .30

FR, filling ratio; met, metaphysis; dia, diaphysis.
Pearson's correlation coefficient.

*P < .05.

K. Nakazawa, T. Manaka, Y. Hirakawa et al. JSES International 8 (2024) 119e125
and stem alignment and those between BMD changes and FR were
analyzed using Pearson's correlation coefficient. The correlation
coefficient was interpreted as weak (<0.35), moderate (0.35-0.70),
or strong (>0.70). A post hoc power analysis was conducted using
G*Power (version 3.0.3; Heinrich Heine Universit€at, Düsseldorf,
Germany) to compare the BMD changes in zone 3. Optimal
threshold points for stem alignment that predicted BMD changes
were calculated using nonparametric receiver operating charac-
teristic (ROC) analysis. The 2-sample t-test was used to compare the
BMD changes in zone 1 higher and lower than 6� valgus. The level
of significance was set at P < .05. Statistical analyses were per-
formed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Results

The reliability of BMD around the stem was 0.97 (0.94-0.99),
which was almost a perfect agreement. Similarly, the reliability of
the FR of the stem and that of the stem alignment were 0.91
(0.83�0.95) and 0.95 (0.92-0.97) respectively, which were almost
perfect agreements.

Study parameters

The mean BMD of the femur in 47 patients at postoperative year
1 was 83.5 ± 17.9% for %YAM and 83.1 ± 17.8% at postop year 2. The
change from postoperative year 1 to year 2 was P ¼ .26, with no
significant difference.

The mean BMD of the spine at postoperative year 1 was
102.9 ± 27.2% for %YAM and 103 ± 28.2% at postoperative year 2.
The change from postoperative year 1 to year 2 was P¼ .79, with no
significant difference. In addition, there was no evidence of stem
loosening at postoperative year 2.

Regarding the FR of the stem and stem alignment, the mean FR
at the metaphysis (FR met) was 76.7 ± 9.1% (54.8%-92.8%), FR at
diaphysis (FR dia) was 63.5 ± 10.2% (42.75%-88.8%), and stem
alignment was at valgus 5.8� ± 3.1� (0.9-13.1 degrees) in all cases.
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Bone mineral density by zones at postoperative years 1 and 2 and
bone mineral density changes

Bone mineral density (BMD) per zone at postoperative years 1
and 2 is presented in Table I. The BMD changes by zone were
significantly lower in zone 3 (P ¼ .02). However, a post hoc power
analysis revealed that the comparison of anteversion had a statis-
tical power of 0.12.

Correlation between the stem filling ratio and bone mineral density
changes

Bonemineral density (BMD) changes and their correlations with
the FR of the stem are shown in Table II. The FR of the stem had no
significant correlation with the BMD changes.

Correlation between stem alignment and bone mineral density
changes

Bonemineral density (BMD) changes and their correlations with
stem alignment are shown in Table II, with moderate correlation in
zone 1 (Fig. 4). Receiver operating characteristic (ROC) analysis was
performed with the increased BMD in zone 1 categorized as the
increased group and the decreased group as the decreased group
with an area under the curve of 0.698 (P ¼ .02). Therefore, the
thresholdwas determined to be 6� (Fig. 5).With 6� valgus or higher,
BMD change was significantly reduced (Table III).

Discussion

To the best of our knowledge, this is the first study to measure
BMD around the stem after RSA using DEXA. In the present study, a
significant decrease in BMD from postoperative year 1 to year 2 was
observed in zone 3. In relation to the FR of the stem and stem
alignment, no association was found between the FR and correla-
tion between valgus stem alignment and BMD in zone 1. Further-
more, the ROC curve results showed a significant difference in the
BMD decrease when the stem alignment threshold was set at 6�

valgus.
Recently, cementless short stems have been introduced to

preserve the bone stock, reduce stress shielding, and improve
vascularity and osteointegration.14,22 In particular, the Aeqlis Asend
Flex stem used in this study is a short stemwith a proximal porous
coating on the metaphyseal area for bone ingrowth. However,
Schnetzke et al24 reported that in a study of total shoulder
arthroplasty (TSA) and RSA using the Aequalis Ascend Monolithic
cementless monolithic short stem, 82.7% of recipients experienced
cortical thinning and osteopenia in the medial proximal region
(zone 5) and spot welds in 78.6% of the distal lateral region (zone 2)
during a postoperative follow-up of 2 years. In total, 11.5% had
condensation lines at the tip of the stem (zone 3). Furthermore, the



Figure 4 Correlation between the valgus angle of the stem and the bone mineral density changes in zone 1. BMD, bone mineral density.

Figure 5 Receiver operating characteristic curve for the valgus stem alignment as a predictor of BMD changes in zone 1. Area under the curve, 0.70; 95% confidence interval,
0.55-0.85; P ¼ .02. ROC, receiver operating characteristic.
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Comprehensive Reverse Shoulder System (Biomet, Warsaw, IN,
USA) reported that at an average follow-up of 27 months, proximal
bone remodeling occurred in approximately 30% of the patients.9

These reports suggest that bone adaptation due to stress
123
shielding occurs even when a short stem is used. However, these
were qualitative evaluations that used plain radiography. Therefore,
we utilized DEXA to conduct a quantitative assessment of BMD
around the stem.



Table III
Valgus stem alignment and BMD changes when separated by 6o.

Zone 1 Stem alignment P value

<6 degrees valgus S6 degrees valgus

BMD change (g/cm2) 1.09 ± 0.05 (0.82-1.39) 0.49 ± 0.13 (0.64-1.15) .01*

BMD, bone mineral density.
*P < .05 the 2-sample t-test.
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In this study, BMD changes over time showed a 2.06% decrease
in zone 3. Razfer et al22 reported that finite element analysis of TSA
showed that bone stresses are concentrated in the proximal
trabecular bone, especially with an increase in the stem length.
Therefore, they suggested that changes may occur in the proximal
trabecular bone. However, in their study, the stemwas designed to
be in contact with the diaphyseal bone. In the present study, the FR
at the diaphysis was set up to be noncontact (63.5%), and this dif-
ference may have influenced the study results. Furthermore, TSA
and RSA have different prosthetic characteristics, which may have
similarly influenced the results. In addition, because this study was
a comparison between changes at postoperative year 1 and year 2,
the changes at 2 years postoperatively may differ from those in the
early postoperative period.

In THA, a decrease in BMD occurs mainly in the proximal part of
the stem, particularly in zones 1 and 7 in Gruen's zone
classification.8,10,17,23,26 This trend was consistent even when the
stem was short.12 The initial stability of the cementless femoral
stem requires fitting of the diaphysis to the femoral cortex, which is
fixed distally and known to cause atrophy of the proximal femur
with stress shielding.13,25 However, our report showed a decrease
in zone 3, which is in the distal part of the stem. This may be related
to the fact that THA is performed on load-bearing joints, whereas
RSA is performed on noneload-bearing joints. The effect size was
0.12 as the post hoc power of the test, which is a low result, and
should be examined in future studies with a larger number of cases.
Complications such as decreased BMD around the stem of THA have
been reported to cause increased periprosthetic fractures and
aseptic loosening.2,16,19 Therefore, it is necessary to surveil and
examine the possibility of a decrease in BMD, which could lead to
periprosthetic humeral fractures in RSA, by long-term follow-up in
the future.

In the correlation between the FR of the stem and stem
alignment, the present study found a correlation between valgus
stem alignment and BMD in zone 1. In a previous report on
cemented and cementless stems on Delta III (DePuy Interna-
tional Ltd, Leeds, United Kingdom), Melis et al18 reported that a
higher FR was associated with condensation lines and spot
welds. In addition, Raiss et al21 reported an increase in the
occurrence of bone adaptation when the diaphyseal FR exceeded
0.8. However, the present study found no correlation between
BMD changes by zone and FR. Since the publication of the report
by Raiss et al, our group has been cognizant of avoiding a high
FR. The mean FR dia was low at 63.5 ± 10.2%, possibly because
there were only 5 out of 47 cases (10.6%) with a mean FR dia
greater than 0.8.

In the present study, BMD change in zone 1 was correlated with
the stem alignment of the valgus. When the threshold was set at 6�

based on the ROC curve results, the BMD was significantly lower
when the 6� valgus was exceeded. Previous studies of shoulder
arthroplasty have not reported an association between bone
adaptation and stem alignment. However, a THA article reported
that varus-valgus stem alignment was associated with BMD in the
Gruen zone 1, the greater trochanter.7,11 Thus, stem alignment may
have a significant effect on BMD changes in RSA. Despite
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maintaining a low FR as that in the present study, previous reports
have demonstrated that small stems are more likely to cause
malpositioning of the stem and increased endocortical contact. As a
result, incidences of bone resorption have been reported.1 There-
fore, we believe that stress shielding caused by malpositioning of
the stem at the valgus reduced BMD in zone 1. It has also been
reported that increased endocortical contact can lead to aseptic
loosening of the humeral stem, and a decrease in BMD in zone 1
may also lead to aseptic loosening. Therefore, it is necessary to
place implants within 6� valgus.5

This study had some limitations. First, although the early post-
operative period is often regarded as the baseline when examining
BMD changes, BMD during the early postoperative period was not
evaluated. Thus, investigating changes at postoperative years 1 and
2 may have not been sufficient. In addition, BMD around the stem
may change over time, and long-term follow-up is necessary in the
future. Second, this was a retrospective study, and only 1 stem
model was studied. Third, the number of patients examined was
small. Fourth, the clinical evaluation of ROM and other parameters
was not performed. Fifth, the effect of osteoporosis drugs was not
considered.

Conclusions

In the present study, a significant decrease in BMD from post-
operative year 1 to year 2 was observed in zone 3. Regarding the
correlation between BMD changes, filling ratios, and stem align-
ment, a correlation was found between stem alignment and BMD
changes in zone 1. Furthermore, BMD in zone 1 decreased signifi-
cantly at 6� valgus or greater. Therefore, we recommend that the
stem should be placed within valgus 6� to prevent a decrease in
BMD.
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