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Abstract

Purpose This study measured bone mineral density (BMD) in a Japanese population using the novel non-ionizing system
using radiofrequency echographic multispectrometry (REMS) and compared the results with those obtained using traditional
dual-energy X-ray absorptiometry (DXA). We aimed to identify any discrepancies between measurements obtained using
these instruments and identify the influencing factors.

Methods This cross-sectional study examined patients with osteoporosis treated at a single center from April to August
2023. We examined BMD assessment by DXA and REMS in lumbar spine and proximal femur. Patients were categorized
into two groups: those with discrepancies between lumbar spine BMD measured by DXA and REMS, and those without.
Semiquantitative evaluation of vertebral fractures and abdominal aortic calcification scoring were also performed and com-
pared between the two groups, along with various patient characteristics.

Results A total of 70 patients (88.6% female; mean age 78.39 +9.50 years) undergoing osteoporosis treatment were included
in the study. A significant difference was noted between DXA and REMS measurement of BMD and T-scores, with REMS
recording consistently lower values. The discrepancy group exhibited a higher incidence of multiple vertebral fractures and
increased vascular calcification than the non-discrepancy group. Multivariate analysis indicated that diabetes mellitus, severe
vertebral fractures, and increased abdominal aortic calcification scores were significantly associated with discrepancies in
lumbar spine T-scores.

Conclusion This study suggests that REMS may offer a more accurate measurement of BMD, overcoming the overestima-
tion of BMD by DXA owing to factors such as vertebral deformities, abdominal aortic calcification, and diabetes mellitus.

Keywords Abdominal aortic calcification - Bone mineral density - Dual-energy X-ray absorptiometry - REMS - Semi-
quantitative grading of vertebral fractures

Introduction

Osteoporosis is a common skeletal disorder characterized
by reduced bone mineral density (BMD) [1]; individu-
als with osteoporosis are therefore susceptible to fragility
fractures [2, 3]. These fractures often precipitate a decline
and Graduate School of Medicine, Hokkaido University, . 4 [ . ] ) ] .u . .p p. .
Kita-15 Nishi-7, Kita-Ku, Sapporo, Hokkaido 060-8638, in the activities of daily living, imposing a significant bur-
Japan den on healthcare systems [4, 5]. In aging populations, the
incidence of osteoporosis and associated fragility fractures
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increases. However, fragility fractures often occur before
a diagnosis of osteoporosis is made. Therefore, an early,
economical, and accurate diagnostic approach is required
to allow prompt intervention [6].
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The established gold standard for determining the risk
of fragility fractures is the assessment of BMD through
dual-energy X-ray absorptiometry (DXA) [7]. However,
it has been shown that the diagnostic sensitivity of DXA
can be undermined by internal artifacts [8, 9]. Given that
DXA provides a two-dimensional anteroposterior projec-
tion of the lumbar spine, the areal BMD measurements may
be influenced by structural abnormalities, such as osteo-
phytes and vertebral deformities, often resulting from ver-
tebral compression fractures [10]. Additionally, it has been
reported that abdominal aortic calcification can lead to BMD
overestimation [11]. This limited recognition of structural
abnormalities may result in an overestimation of BMD, and
therefore a significant underestimation of fracture risk.

Recently, radiofrequency echographic multispectrometry
(REMS) has emerged as a revolutionary non-ionizing tool
for BMD assessment; this system is radiation-free, portable,
and cost-effective. It analyzes raw radiofrequency ultrasound
signals obtained during lumbar spine and proximal femur
scans, capturing detailed tissue property data that are typi-
cally missed by conventional B-mode imaging [12]. Euro-
pean studies have demonstrated the diagnostic precision and
reliability of REMS compared to DXA [13, 14]. An Italian
study in a Caucasian female population showed that REMS
effectively overcame common DXA artifacts, such as osteo-
arthritis (OA) and vertebral fractures [15]. Moreover, Fassio
et al. found a positive correlation between discrepancies in
DXA and REMS results and the extent of abdominal aortic
calcification [16]. However, these results require verification
in Asian populations. In addition, the multifaceted nature
of BMD assessment by DXA and REMS is yet to be exten-
sively explored.

We hypothesized that multiple factors influence the dis-
crepancy between BMD measured by REMS and DXA, and
aimed to determine this discrepancy and identify its influ-
encing factors.

Materials and Methods
Study Design and Subjects

This was a cross-sectional study involving patients who
received osteoporosis treatment and BMD assessment by
DXA at a single center between April and August 2023.
Patients who were unable to lie supine due to spinal deform-
ities or comorbidities were excluded. Because we have a
BMD assessment biannually at our facility, all patients had
only one BMD assessment during the period. This study
was approved by the local ethics committee of Iwamizawa
Hokushokai Hospital (0023-001). Informed consent was
obtained from all participants included in the study.
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The following patient information was collected: age;
sex; weight; height; body mass index (BMI); comorbidities
including rheumatoid arthritis (RA), diabetes mellitus (DM),
and chronic kidney disease (CKD); presence of malignant
tumors; medications including glucocorticoids (GC), sleep-
ing aids (benzodiazepines and non-benzodiazepine hypnot-
ics), antidepressants, methotrexate (MTX), warfarin, and
osteoporosis drugs; and history of fractures. Serum levels of
the bone turnover markers tartrate-resistant acid phosphatase
5b (TRACP 5b) and procollagen type 1 N propeptide (P1NP)
were also measured. The lateral lumbar spine radiographs
and the anteroposterior hip radiographs were routinely taken
at the same time as BMD assessment by DXA. All follow-
ing radiographic assessments were performed by the same
surgeon.

Semi-quantitative grading of lateral lumbar spine radio-
graphs was used to evaluate vertebral fractures and deform-
ities [17]. The 1st—4th lumbar vertebrae were graded by
visual inspection without direct vertebral measurement as
follows: normal, grade 0; mildly deformed, grade 1 (20-25%
reduction in anterior, middle, and/or posterior height and a
10-20% reduction in area); moderately deformed, grade 2
(25-40% reduction in any height and a 20-40% reduction in
area); and severely deformed, grade 3 (>40% reduction in
any height and area).

Semi-quantitative evaluation of abdominal aortic cal-
cification was performed using the abdominal aortic cal-
cification score (AACS) [18]. The value of this score has
been reported in the assessment of cardiovascular events,
and complications in patients undergoing dialysis [19, 20].
Calcific deposits were assessed separately for the posterior
and anterior walls of the abdominal aorta, which were scored
as follows: 0, no aortic calcific deposits; 1, small scattered
calcific deposits filling less than one-third of the longitudinal
wall of the aorta; 2, calcification of more than one-third, but
less than two-thirds, of the longitudinal wall of the aorta;
and 3, calcification of two-thirds or more of the longitudinal
wall of the aorta. Scoring was performed at eight locations
on the anterior and posterior walls of the 1st—4th vertebrae,
with a resulting total score of 0-24.

OA of the hip joint was assessed using the Kellgren-Law-
rence (KL) classification, applied to anteroposterior hip radi-
ographs [21]. Each radiograph received a grade between O
to 4, reflecting the progression of OA severity—with Grade
0 indicating no OA and Grade 4 indicating severe OA. The
KL grade was determined for the same unilateral femur for
which BMD was measured.

BMD assessment in all patients was measured using
both DXA (PRODIGY Fuga-C, GE Healthcare, Madi-
son, WI, USA) and REMS (Echos system, Echolight SPA,
Lecce, Italy). BMD and T-score discrepancies between the
two instruments were calculated. We divided the patients
into two groups: a discrepancy group (D group) and a
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non-discrepancy group (ND group), based on a A Lumbar
spine T-score of 2.0. All BMD measurements using REMS
were performed by the same surgeon who was judged by a
third-party organization to have a stable learning curve after
appropriate practice.

Statistics Analysis

Categorical variables are presented as frequencies (percent-
ages) and were evaluated using the chi-square test, whereas
continuous variables are presented as the mean (standard
error of the mean) and were analyzed using an independ-
ent Student’s #-test. Univariate and multivariate analyses
were performed to calculate the odds ratio (OR) and 95%
confidence intervals (CI) for the A Lumbar spine T-score.
Multivariate analyses were conducted using a logistic regres-
sion model adjusted for age, weight, and height. When the
power, alpha error, and effect size were set at 0.8, 0.05, and
0.8, respectively, the statistically required sample size for
A Lumbar spine T-score analysis in this study was 26 cases
per group. All statistical analyses were performed using JMP
Pro version 17.0.0 (SAS Institute, Cary, NC, USA), with the
significance level set at P> 0.05.

Results
Patient Characteristics

A comprehensive registration of 70 patients undergoing
osteoporosis treatment was conducted between April and
August 2023. Their characteristics are presented in Table 1.
The study population had a mean age of 78.39 +9.50 years
at the time of assessment; the majority of patients (88.6%)
were female. Participants exhibited the following mean
anthropometric parameters: body weight, 51.62 +9.55 kg;
height, 150.63 +7.44 cm; and BMI, 22.66 + 3.29 kg/m>.
Analysis of preexisting medical conditions revealed the fol-
lowing distributions: RA, 7.1%; DM, 12.9%; CKD, 7.1%;
and malignant tumors, 10.0%. Medication data revealed that
1.4% of patients were taking GC, 14.3% were using sleep-
ing aids, 2.9% were on antidepressants, 1.4% were taking
warfarin, and 1.4% were on MTX.

The vast majority of patients (91.4%) were undergoing
osteoporosis treatment, with the following medications
being administered: bisphosphonate, 11.4%; denosumab,
45.7%; parathyroid hormone, 4.3%; selective estrogen recep-
tor modulators, 12.9%; romosozumab, 11.4%; and active
vitamin D3 only, 5.7%. Biochemical analyses revealed mean
serum concentrations of TRACP 5b and P1NP to be 322.18

Table 1 Clinical characteristics of the study participants

All participants (N=70)

Sex, male: female 8:62
Mean age, years 78.39 (9.50)
Weight, kg 51.62 (9.55)
Height, cm 150.63 (7.44)
Body mass index, kg/m2 22.66 (3.29)
Present illness, no. of cases (%)
RA 5(7.1%)
DM 9 (12.9%)
CKD 5(7.1%)
Malignant tumor 7 (10.0%)
Medication, no. of cases (%)
GC 1(1.4%)
Sleeping pills 10 (14.3%)
Antidepressant 2 (2.9%)
Warfarin 1(1.4%)
Methotrexate 1(1.4%)
Osteoporosis treatment 64 (91.4%)
BP 8 (11.4%)
DMAD 32 (45.7%)
PTH 3(4.3%)
SERM 9 (12.9%)
ROMO 8 (11.4%)
VD alone 4(5.7%)
TRACP-5b (mU/dL) 322.18 (157.5)
Total PINP (pg/L) 41.72 (21.24)

History of fractures (%) 39 (55.7%)

RA rheumatoid arthritis, DM diabetes mellitus, CKD chronic kidney
disease, GC glucocorticoids, BP bisphosphonate, DMAb denosumab,
PTH parathyroid hormone, SERM selective estrogen receptor modu-
lator, ROMO: romosozumab, VD: vitamin D3 preparation, TRACP-
5b: tartrate-resistant acid phosphatase 5b, PINP type 1 procollagen-
N-propeptide

Data presented as mean (standard error of the mean or percentage)

U/L and 41.72 ng/mL, respectively. The majority of patients
(55.7%) had a history of fractures.

Semi-Quantitative Assessment of Vertebral
Fractures, KL Grade of Hip OA, and AACS

A semi-quantitative analysis was conducted on fractures
of the L1-L4 lumbar vertebrae, with grading classifica-
tions ranging from O to 3 with increasing severity. For all
four vertebrae, the majority of patients had grades of O or
1 (Table 2). The KL grading for hip OA was applied on a
scale from O to 4, with higher values representing greater
severity. Over 30% of the patients were assessed with a KL,
grade of 2 (findings of osteosclerosis) or more. The mean
total AACS was 4.27 (4.31).
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Table 2 Semi-quantitative grading for vertebral fractures, and KL grade of hip OA, and abdominal aortic calcification score of all study partici-

pants
All participants (N="70)
Semi-quantitative 0 1 2 3
grading, no. of cases
(%)
Ist lumbar spine 34 (48.6%) 24 (34.3%) 6 (8.6%) 6 (8.6%)
2nd lumbar spine 36 (34.3%) 26 (37.1%) 6 (8.6%) 2 (2.9%)
3rd lumbar spine 30 (42.9%) 27 (38.6%) 12 (17.1%) 1 (1.4%)
4th lumbar spine 25 (35.7%) 34 (48.6%) 8 (11.4%) 3(4.3%)
0 1 2 3 4
KL grade of hip OA 5 (7.1%) 35 (50.0%) 13 (18.6%) 9 (12.9%) 2 (2.9%)
no. of cases (%)
AACS 4.27 (4.31)

KL Kellgren-Lawrence, OA osteoarthritis, AACS abdominal aortic calcification score

Data presented as mean (standard error of the mean)

BMD and T-Scores as Measured by DXA and REMS

We evaluated BMD and T-scores using DXA and REMS
and compared the results. REMS reported notably lower
average lumbar spine, femoral neck, and total proximal
femur BMD and T-scores than DXA (Table 3). Internal
artifacts, including vertebral fractures and abdominal
aortic calcifications, are known to directly impact lum-
bar spine BMD measurements obtained via DXA. Con-
sistent with expectations, the greatest discrepancies were
observed in lumbar spine BMD readings, where REMS
registered a BMD of 0.623 and a T-score of — 3.20,
while DXA reported a BMD of 0.966 and a T-score of
— 1.30, with these differences being statistically sig-
nificant (P <0.001). Similar trends were observed in
the femoral neck (P <0.001) and total proximal femur
(P <0.001). Positive correlations were found between the
BMD as measured by DXA and REMS in the lumbar spine
(r=0.471, P<0.001), femoral neck (r=0.361, P<0.001),

and total proximal femur (r=0.429, P=0.003) regions
(Fig. 1). Osteoporosis diagnosis based solely on BMD and
T-score was established in 72.9% of patients with DXA
and in 90.0% with REMS, respectively, with a statistically
significant difference (P =0.009).

Correlation of A Proximal Femoral T-Score
and KL Grade of Hip OA

We divided into two groups according to KL grade: low
KL grade (< grade 2) and high KL grade (= grade 2). 40
patients were classified as low KL grade; 30 patients were
classified as high KL grade. A femoral neck T-score was
significantly larger in the high KL grade (0.61 vs 1.83;
P <0.001), and A total proximal femur T-score was also
significantly larger in the high KL grade (0.34 vs 1.39;
P <0.001) (Supplementary Table 1).

Table 3 Comparison of bone
mineral density and T score
of all participants by between
DXA and REMS

All participants (N=70)

DXA REMS P-value
Lumbar spine BMD (g/cm?) 0.966 (0.203) 0.623 (0.090) <0.001%*
Femoral neck BMD (g/cm?) 0.689 (0.128) 0.488 (0.080) <0.001%*
Total proximal femur BMD (g/crnz) 0.729 (0.141) 0.612 (0.092) <0.001*
Lumbar spine T score (g/cmz) — 1.30 (1.47) —3.20 (0.79) <0.001*
Femoral neck T score (g/cmz) —2.25(1.09) —3.35(0.89) <0.001*
Total proximal femur T score (g/cmz) — 1.86 (1.05) —2.63(0.92) <0.001*

Data presented as mean (standard error of the mean)

DXA dual-energy X-ray Absorptiometry, REMS: radiofrequency echographic multispectrometry

*P <0.05: significant differences between two groups
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Fig. 1 Correlation between
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Patient Characteristics and Semi-Quantitative
Evaluations in the D and ND Groups

Based on the discrepancy between DXA and REMS, patients
were divided into D (N=31) and ND (N=39) groups.
The clinical characteristics of each group are presented in
Table 4. The two groups exhibited no significant differences
in sex distribution, age, weight, or height. However, a nota-
ble disparity was observed in BMI, which was higher in
the D group than in the ND group (23.55 vs 21.96 kg/m?;
P=0.045). DM was more prevalent in the D group, affecting
22.6% of individuals, than in the ND group (5.1% of indi-
viduals; P =0.030). In contrast, no significant differences in
medication use, fracture history, or bone turnover marker
levels were found.

The D group exhibited a higher incidence of multi-
ple vertebral fractures and increased vascular calcifica-
tion than the ND group (Fig. 2). Significant differences in
BMD were observed at all sites when measured by DXA,
whereas no significant differences were detected in BMD
measurements obtained by REMS. A higher proportion of
patients in the D group than in the ND group had a fracture
grade >2 in at least 2 vertebrae (29.0% vs 7.9%; P=0.019)
(Table 4). In addition, the AACS was significantly elevated
in the D group compared to the ND group (6.81 vs 2.26;
P <0.001) (Table 4). Moreover, a positive correlation was
found between the AACS and the A Lumbar spine T-score
(r=0.378, P=0.002). A higher AACS was also observed in

patients with DM than in those without the condition (7.67
vs 3.77; P=0.011).

Univariate and Multivariate Analyses of A Lumbar
Spine T-Scores

Univariate and multivariate analyses were performed to
identify factors associated with A Lumbar spine T-scores
(Table 5). In the univariate analysis, BMI, DM, grade > 2
in at least 2 vertebrae, and the AACS were significantly
associated with increased A Lumbar spine T-scores (OR
1.167, 95% CI 1.005-1.380, P=0.042; OR 5.396, 95% CI
1.187-38.301, P=0.028; OR 5.333, 95% CI 1.392-26.417,
P=0.014; and OR: 1.429, 95% CI 1.206-1.778, P <0.001,
respectively). Following multivariate analysis, DM,
grade >2 in at least 2 vertebrae, and the AACS remained
significantly associated with increased A Lumbar spine
T-scores (OR 5.749, 95% CI 1.142-45.123, P=0.033; OR
4.23595% CI 1.043-21.720, P=0.043; and OR 1.707, 95%
CI 1.325-2.394, P <0.001, respectively).

Discussion
This cross-sectional study conducted in Japan explored
the disparity between BMD as measured by DXA and

REMS, with a particular focus on identifying the factors
influencing this discrepancy. While BMD as assessed by

@ Springer
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Table 4 Comparison of clinical
characteristics of participants
with and without lumbar spine
BMD deviation between DXA
and REMS

D group (N=31) ND group (N=39) P-value
Sex, male: female 4:27 5:34 0.992
Mean age, years 79.52 (10.25) 77.49 (8.74) 0.382
Weight, kg 52.50 (9.86) 50.93 (9.23) 0.499
Height, cm 148.98 (7.65) 151.94 (6.99) 0.101
Body mass index, kg/m2 23.55(3.29) 21.96 (3.12) 0.045*
Present illness, no. of cases (%)
RA 1 (3.2%) 4 (10.3%) 0.257
DM 7 (22.6%) 2 (5.1%) 0.030*
CKD 3(9.7%) 2 (5.1%) 0.463
Malignant tumor 3(9.7%) 4 (10.3%) 0.936
Medication, no. of cases (%)
GC 0 (0.0%) 1(2.6%) -
Sleeping pills 5(16.1%) 5(12.8%) 0.694
Antidepressant 1(3.2%) 1(2.6%) 0.869
Warfarin 1(3.2%) 0 (0.0%) -
Methotrexate 0 (0.0%) 1(2.6%) -
Osteoporosis treatment 26 (83.9%) 38 (97.4%) 0.765
BP 3 5
DMAD 13 19
PTH 0 3
SERM 4 5
ROMO 4 4
VD alone 2 2
TRACP-5b (mU/dL) 305.48 (148.08) 333.87 (162.76) 0.536
Total PINP (pg/L) 35.61 (19.53) 46.04 (21.34) 0.067
History of fractures (%) 18 (58.1%) 21 (53.85%) 0.724
Lumbar spine BMD (g/cm?)
by DXA 1.137 (0.183) 0.849 (0.129) <0.001%*
by REMS 0.615 (0.100) 0.629 (0.080) 0.507
Femoral neck BMD (g/cmz)
by DXA 0.732 (0.129) 0.653 (0.115) 0.011%*
by REMS 0.497 (0.093) 0.481 (0.067) 0.441
Total proximal femur BMD (g/cm?)
by DXA 0.782 (0.137) 0.684 (0.129) 0.004*
by REMS 0.625 (0.104) 0.602 (0.080) 0.303
Semi-quantitative grading, cases
More than grade 2 2 2 vertebrae 9 (29.0%) 3(7.9%) 0.019*
AACS 6.81 (4.85) 2.26 (2.35) <0.001%*

Data presented as mean (standard error of the mean)

BMD bone mineral density, DXA dual-energy X-ray absorptiometry, REMS radiofrequency echographic
multispectrometry, D group discrepancy group, ND group non-discrepancy group, RA rheumatoid arthritis,
DM diabetes mellitus, CKD chronic kidney disease, GC glucocorticoids, BP bisphosphonate, DMAb den-
osumab, PTH parathyroid hormone, SERM selective estrogen receptor modulator, ROMO romosozumab,
VD vitamin D3 preparation, TRACP-5b Tartrate-resistant Acid Phosphatase 5b, PINP type 1 procollagen-
N-propeptide, AACS abdominal aortic calcification score

*P <0.05: there were significant differences between two groups

REMS were positively correlated with those measured by
DXA, REMS recorded consistently lower values for both
BMD and T-scores across all measured regions. Although
the discrepancy was larger in this study than in previous
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reports where erroneous scans due to poor quality acquisi-
tions were excluded, the same trend was observed in pre-
vious reports [15, 16, 22]. The greatest discrepancy was
observed in the lumbar spine region, with the presence of
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Discrepancy Group Non-Discrepancy Group

AACS SQ grade
Post. Ant.

AACS
Post. Ant.
0|0

Fig.2 Representative lumbar spine radiographs from each group.
Left: lateral lumbar spine radiograph of a patient with a discrepancy
in BMD assessment by DXA and REMS. Right: lateral lumbar spine
radiograph of a patient with no discrepancy in BMD assessment by
DXA and REMS. SQ grade, semiquantitative grade; AACS, abdomi-
nal aortic calcification score

multiple vertebral deformities, an increased AACS, and
DM emerging as significant contributing factors. A mul-
tivariate analysis identified DM as a novel factor influ-
encing lumbar spine T-scores, alongside the previously
established factors vertebral deformities and the AACS.
Moreover, a significant association was found between the
KL grade of hip OA and the discrepancy in the proximal
femoral T-score. This study indicates that REMS effec-
tively reduces the effect of internal artifacts, such as ver-
tebral deformity, abdominal aortic calcification, and hip
OA—factors that are known to affect BMD measurements

by DXA. Thus, REMS potentially provides a more accu-
rate evaluation of bone fragility.

Internal artifacts, including vertebral deformities, osteo-
phytes, and ossification of spinal ligaments, have been shown
to affect BMD as measured by DXA [23-26]. Consequently,
DXA may overestimate lumbar spine BMD in patients with
an exceptionally high risk of fractures due to osteoporosis.
In contrast, REMS may assess BMD with greater accuracy
in these high-risk individuals, thereby facilitating the selec-
tion of more appropriate osteoporosis treatment strategies.

In this study, a significant correlation was noted between
the discrepancy in lumbar spine T-scores determined by
DXA and REMS and factors including the AACS and DM.
Abdominal aortic calcification has been implicated in sev-
eral diseases, including CKD, dialysis-associated complica-
tions, hyperparathyroidism, and primary hyperaldosteron-
ism [27-29]. The elevated AACS observed in patients with
DM in our study is explained by the previous identification
of DM as an independent risk factor for abdominal aortic
calcification [30]. This association underscores a paradox
in which, despite the established role of abdominal aortic
calcification in bone fragility, it tends to cause an overesti-
mation of BMD assessed by DXA. This highlights the neces-
sity for auxiliary validation using lateral imaging and other
diagnostic tests such as quantitative computed tomography
[31-33]. REMS has emerged as a viable tool to rectify this
paradox, offering a radiation-free and cost-effective alterna-
tive to DXA for accurate bone fragility evaluation.

Previous research has explored the relationship between
OA and osteoporosis, traditionally considered to be mutually
exclusive conditions. However, recent studies have begun
to report overlaps between these conditions [34, 35]. While
BMD is typically higher in patients with OA [36-38], the

Table 5 ORs for the lumbar
spine BMD deviation between

Univariate analysis

Multivariate analysis®

DXA and REMS P-value 95% CI OR P-value 95% CI OR
Age 0.378 0.973-1.080 1.023
Weight 0.494 0.968-1.072 1.018
Height 0.105 0.880-1.009 0.946
BMI 0.042*  1.005-1.380 1.167 0.389 0.425-10.501 1.972
DM 0.028*  1.187-38.301 5.396 0.033*  1.142-45.123 5.749
Semi-quantitative grading
More than grade 2 0.014*  1.392-26.417 5.333 0.043*  1.043-21.720 4.235
2 2 vertebrae
AACS <0.001*  1.206-1.778 1.429 <0.001*  1.325-2.394 1.707

Data presented as mean (standard error of the mean)

*Adjusted by age, weight, height

BMD bone mineral density, DXA dual-energy X-ray absorptiometry, REMS radiofrequency echographic
multispectrometry, CI confidence interval, OR odds ratio, BMI body mass index, DM diabetes mellitus,
AACS abdominal aortic calcification score

*P <0.05: the item significantly affected the lumbar BMD deviation
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impact of artifacts such as osteosclerosis and osteophytes on
these measurements has not been thoroughly investigated.
Additionally, most prior BMD assessments have utilized
DXA. In our study, we found that BMD measurements of
the proximal femur obtained via REMS were significantly
lower than those obtained using DXA. Moreover, a sig-
nificant correlation was observed between the KL grade of
hip OA and discrepancies in the proximal femoral T-score.
These findings suggest that REMS may not be influenced
by the same artifacts that affect DXA measurements and
could potentially provide a more precise evaluation of bone
fragility. Looking ahead, to further investigate the relation-
ship between bone fragility and REMS measurements, future
studies should focus on analyzing fracture rates.

This study has several limitations. First, it was a single-
center study with a patient cohort that lacked diversity,
which may affect the generalizability of the findings. The
cohort consisted predominantly of individuals with a history
of fractures, and the prescription patterns for osteoporosis
medications may have been influenced by the preference
of a single physician. Second, certain critical factors such
as ossification of the spinal ligaments and the presence of
osteophytes were not assessed. Given the challenge of quan-
titatively evaluating these from radiographs, we prioritized
the analysis of vertebral deformity and abdominal aortic cal-
cification, both of which permit semi-quantitative assess-
ment. In the future, it would be beneficial to incorporate
quantitative evaluations using computed tomography into
our analysis. Third, this study could not delineate between
primary and secondary osteoporosis, indicating the need
for expanded case studies that provide a detailed explora-
tion of these variants. Future research should increase the
sample size and perform a more comprehensive investi-
gation to address these limitations. Finally, we performed
only unilateral femoral BMD measurements in this study.
We speculated that it would be important to measure both
femoral sites to eliminate the effects of femoral deformity
and microfractures.

In conclusion, our study underscores the roles of multi-
ple vertebral deformities, AACS, and DM in contributing
to the observed discrepancies in lumbar spine BMD when
measured by DXA compared to REMS. Furthermore, the
KL grade of hip OA was found to be significantly associated
with discrepancies in the proximal femoral T-score. These
results imply that REMS proficiently navigates around the
common artifacts that typically affect BMD measurements
via DXA, including vertebral deformity, abdominal aortic
calcification, and hip OA. Consequently, REMS may offer a
more accurate evaluation of bone fragility, highlighting its
potential as a valuable tool in clinical practice.
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