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Abstract: Osteoporosis, a condition characterized by reduced bone strength and increased fracture
risk, frequently coexists with spondylarthritis (SpA), an inflammatory rheumatic disease. Dual-
energy X-ray absorptiometry (DXA), the gold standard for diagnosing osteoporosis, faces limitations
in SpA patients due to spinal deformities and calcifications. Many studies have shown the
overestimation of BMD values, especially in individuals with syndesmophytic bridges, coexistent
mechanical modifications such as osteophytes and discopathic lesions. Furthermore, severe
deformations of the spine (scoliosis and vertebral modifications) make it difficult for a DXA
technician to correctly place the markers for bone density evaluation. Radiofrequency Echographic
Multispectrometry (REMS), a novel ultrasound-based diagnostic technology, overcomes many of
these challenges by assessing bone quality and microarchitecture without interference from
structural changes. The scientific team, as well as multiple studies performed on normal individuals
and patients with bone density abnormalities, have shown that this method can detect extravertebral
calcifications (aortic wall calcifications, urinary stones) and exclude them from analysis, mostly due
to the physics of ultrasound waves. This article explores the underlying mechanisms linking SpA and
osteoporosis, reviews the utility of REMS in this context, evaluates the existing evidence supporting
its clinical application, and provides additional findings promoting the use of REMS in individuals
with SpA. Data analysis has shown a higher sensitivity of REMS compared to DXA in discerning
bone mineralization modifications in patients with SpA and axial structural modifications.
Furthermore, it offers insight regarding the actual bone “age” in individuals with this disease, BMD
values being lower in this group compared to equivalent age groups with no inflammatory rheumatic
pathologies. Multicentric studies on large cohorts are required to fully make REMS applicable on a
day-to-day medical practice, as well as encompassing larger populational group from different
geographical areas and of a variety of ethnicities.
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1. Introduction

Spondylarthritis encompasses a group of inflammatory diseases—including ankylosing
spondylitis (AS) and psoriatic arthritis (PsA)—that primarily affect the axial skeleton and often
extend to peripheral joints. Axial spondyloarthritis (axSpA) is characterized by both acute
inflammatory episodes and chronic structural changes in the spine and sacroiliac joints. Chronic
inflammation leads to increased production of proinflammatory cytokines (e.g., TNF-a, IL-1(3, and
IL-17), which disrupt normal bone remodeling by stimulating osteoclast-mediated bone resorption
while inhibiting osteoblast function. Magrey and Khan (2010) reported that the prevalence of
osteoporosis in SpA patients can range from 18.7% to 62%, underscoring the variability in disease
presentation and the challenges in early detection [1].

Dual-energy X-ray absorptiometry (DEXA) remains the clinical standard for assessing bone
mineral density (BMD) at the lumbar spine and hip; however, its utility in axSpA is limited by
structural artifacts. The presence of syndesmophytes, vertebral fusion, and calcifications may lead to
overestimated BMD values that mask true bone loss [2]. Although technological advances (e.g.,
Al-assisted image processing) have improved DEXA’s usability, these inherent limitations persist.
Quantitative computed tomography (qCT) offers volumetric BMD and detailed architectural insight
but is constrained by higher radiation exposure and limited accessibility [3].

In response, Radiofrequency Echographic Multispectrometry (REMS) has emerged as a
promising, radiation-free alternative that not only estimates BMD but also provides a comprehensive
evaluation of bone quality —assessing parameters such as elasticity, stiffness, and microarchitectural
integrity. Updated REMS protocols now allow assessment at peripheral sites (e.g., the radius or tibia),
thereby minimizing interference from axial artifacts [4]. Furthermore, REMS computes a Fragility
Score (FS) that predicts fracture risk independently of BMD; for example, Pisani et al. (2023) reported
FS area-under-the-curve (AUC) values of 0.811 for women and 0.780 for men [5]. REMS has been
validated in diverse populations —a Polish study demonstrated high diagnostic agreement with DXA
[6], while validation studies have been performed in Brazil [7] and Japan [8]. In addition, a systematic
review [9] and a meta-analysis [10] confirm that REMS not only correlates well with DXA but also
provides additional insights into bone quality critical for accurate fracture risk prediction. Badea et
al. (2022) further described REMS as a novel approach for bone health assessment [11]. Collectively,
these advancements position REMS as a transformative tool for early osteoporosis diagnosis and
management in axSpA [11,12].

1.1. Pathophysiology of Osteoporosis in Spondyloarthritis

Osteoporosis in axSpA is primarily driven by chronic systemic inflammation that disrupts
normal bone homeostasis. Proinflammatory cytokines—particularly TNF-«, IL-13, and IL-17—
increase the expression of receptor activator of nuclear factor kappa-B ligand (RANKL) while
suppressing osteoprotegerin (OPG), thereby promoting osteoclastogenesis and accelerating bone
resorption [13].

In addition, TNF-a and IL-17 interfere with osteoblast function by inhibiting the Wnt/p3-catenin
signaling pathway —essential for bone formation—and by stimulating the production of inhibitory
proteins such as Dickkopf-1 (DKK-1) and sclerostin [14]. These molecular events enhance bone
resorption while impairing bone formation, ultimately resulting in a decline in bone strength.

Paradoxically, the chronic inflammation characteristic of axSpA can also induce aberrant new
bone formation at the vertebral entheses, leading to syndesmophyte formation and ossification of
spinal ligaments [15]. Although these structural changes contribute to spinal rigidity and ankylosis,
they may mask early bone loss, complicating accurate osteoporosis assessment. Moreover, factors
such as reduced physical activity due to pain and stiffness [16], long-term glucocorticoid therapy [17],
and nutritional deficiencies (e.g., vitamin D deficiency) [18] further exacerbate osteoporosis in these
patients.
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Recent investigations have also examined immune-modulatory therapies. For example,
anti-TNF agents have been shown to reduce inflammation and favorably affect bone remodeling
markers [19]. However, while such therapies may improve BMD, their effects on bone quality and
microarchitecture require further elucidation [19].

1.2. Principles of Radiofrequency Echographic Multispectrometry (REMS)

REMS is an ultrasound-based diagnostic tool that evaluates bone health by analyzing unfiltered
radiofrequency (RF) signals obtained during a standard ultrasound scan. Unlike DXA —which
measures areal BMD —REMS employs advanced spectral analysis to assess both quantitative (BMD)
and qualitative (elastic properties and microarchitecture) aspects of bone.

1.3. Signal Acquisition

During a REMS examination, a high-frequency convex ultrasound probe (typically 3.5 MHz) is
placed over the target region (usually the lumbar spine or proximal femur). The probe emits
ultrasound waves that traverse the bone, and instead of processing these signals solely for image
creation (as in conventional B-mode imaging), REMS records the complete RF data. Di Paola et al.
(2019) reported correlation coefficients of 0.93-0.94 between REMS-derived BMD and DXA
measurements, underscoring the importance of precise signal acquisition [3].

1.4. Spectral Analysis and Reference Model Comparison

The recorded RF data are transformed into the frequency domain using techniques such as the
Fast Fourier Transform (FFT). The resulting spectral profile represents the bone’s acoustic signature
and reflects its physical properties. REMS software then compares the patient-specific spectral profile
with a proprietary database of reference models developed from large, population-based studies
(stratified by age, sex, and BMI), yielding an estimated BMD that closely aligns with DXA
measurements [3].

1.5. Derivation of Additional Diagnostic Parameters

In addition to BMD, REMS calculates the elastic modulus (E), which quantifies bone stiffness
and correlates with mechanical strength and fracture resistance. REMS also evaluates
microarchitectural integrity by analyzing subtle variations in the spectral data corresponding to the
organization of trabecular and cortical bone. A key output is the Fragility Score (FS), a dimensionless
index (ranging from 0 to 100) that quantifies bone fragility independently of BMD. Pisani et al. (2023)
reported FS AUC values of 0.811 for women and 0.780 for men, demonstrating robust predictive

capacity [5].

1.6. Advantages and Limitations in Signal Processing

By integrating multiple parameters—BMD, elastic modulus, and microarchitectural indices—
REMS provides a comprehensive view of bone health; however, its accuracy is sensitive to patient-
specific factors (e.g., obesity, intestinal gas) and operator technique. Badea et al. (2022) noted that
these factors can affect RF signal quality and measurement accuracy [8]. Although precision values
as low as 0.32-0.38% have been documented (Fuggle et al., 2024) [22], further standardization and
operator training are needed to minimize variability. Systematic reviews underscore both the
promise of REMS and the need for the ongoing refinement of its algorithms [8].

1.7. Advantages of REMS in SpA Patients

REMS offers significant benefits over DXA and qCT. Its non-ionizing ultrasound approach is
safe for repeated examinations—a critical advantage for younger patients, pregnant women, and
individuals requiring frequent monitoring [8]. By assessing peripheral sites (e.g., the radius or tibia),
REMS circumvents the axial skeletal artifacts (such as syndesmophytes, vertebral fusion, and
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calcifications) that may lead to overestimated DXA BMD values [8,9]. For example, Nowakowska-
Ptaza et al. (2021) reported that REMS identified osteoporosis in 35% of axSpA patients who were
misclassified as normal by DXA [6].

Additionally, REMS can detect extraskeletal calcifications (e.g., in the aorta or ligaments), further
enhancing bone health assessment [8]. Its ability to evaluate bone elasticity and microarchitectural
integrity provides a more nuanced estimation of fracture risk than BMD alone. REMS has been
validated in diverse populations —a Polish study demonstrated high diagnostic agreement with DXA
[6], and systematic reviews confirmed REMS’s strong correlation with DXA and its additional clinical
value [9,10]. Furthermore, a recent case report by Kirilov et al. (2023) highlighted a new diagnostic
aspect of REMS, reinforcing its potential to reveal subtle changes in bone quality [28].

1.8. Evidence Supporting REMS in Osteoporosis Diagnosis and Its Use in Special Populations

A robust body of literature supports the diagnostic and prognostic utility of REMS in both
primary and secondary osteoporosis. Di Paola et al. (2019) demonstrated that REMS achieved
diagnostic concordance rates of approximately 89% with DXA for lumbar spine and femoral neck
BMD, with correlation coefficients ranging from 0.93 to 0.94 [3]. Cortet et al. (2021) reported
sensitivity and specificity rates exceeding 90% in a large European cohort [4]. Pisani et al. (2023)
further validated the REMS-derived Fragility Score, with AUC values of 0.811 for women and 0.780
for men [5].

1.9. REMS in Special Populations

e  Chronic Kidney Disease (CKD) and Kidney Transplantation:
Fassio et al. (2023) conducted a pilot study in CKD patients on peritoneal dialysis and found
that REMS provided BMD values less affected by calcific artifacts than DXA, suggesting a
more reliable assessment in this population [22].

e  Type II Diabetes Mellitus (T2DM):
Lombardi et al. (2024) demonstrated that REMS-derived BMD values were significantly lower
in elderly diabetic women compared with DXA, resulting in a higher diagnostic rate of
osteoporosis and suggesting greater sensitivity for diabetic osteopathy [23].

e  Osteogenesis Imperfecta (OI):
Gonrelli et al. (2024) reported that REMS measurements in adult OI patients correlated more
strongly with clinical fracture history and disease severity than DXA and were capable of
differentiating between milder and more severe phenotypes [24].

e  Anorexia Nervosa:
Caffarelli et al. (2021) found that REMS-derived Z-scores were significantly lower in
adolescents with anorexia nervosa compared with healthy controls, and that REMS more
effectively identified individuals with a history of fragility fractures than DXA [25].

e  Impact of Anti-TNF Therapy:
A supplementary abstract by Icatoiu et al. (2024) in Annals of the Rheumatic Diseases reported
that anti-TNF therapy significantly improved BMD and reduced fracture risk in rheumatoid
arthritis patients; an accompanying ARD BM] supplementary abstract confirmed that REMS
accurately assessed bone density in these patients despite degenerative changes [26].

e Additional Molecular Insights:
Mbalaviele et al. (2017) showed that IL-17 in synovial fluids is a potent stimulator of
osteoclastogenesis [10], and Lam et al. (2009) demonstrated that TNF-a induces DKK-1
expression in osteoblasts, thereby contributing to bone loss in inflammatory conditions [13].
Meta-analyses and systematic reviews consistently conclude that REMS not only correlates

strongly with DXA but also provides additional clinically relevant information on bone quality

essential for accurate fracture risk prediction [9].

d0i:10.20944/preprints202502.1559.v2
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1.10. Integrating REMS into Clinical Practice

National regulatory bodies in Italy and Japan have increasingly recognized REMS for
osteoporosis assessment. The Italian Society of Osteoporosis, Mineral and Metabolic Diseases
(SIOMMMS) has incorporated REMS into its guidelines [27], and the Japanese Ministry of Health,
Labour and Welfare has approved REMS for bone density evaluation [28].

Given its numerous advantages, REMS should be integrated into routine osteoporosis screening
protocols for axSpA patients—particularly when DXA results are ambiguous or compromised by
artifacts. REMS can serve as a first-line diagnostic tool or complement DXA in primary care settings.
Its sensitivity to subtle changes in bone quality is especially valuable for assessing the efficacy of
biological therapies (e.g., anti-TNF agents, Denosumab) and antiresorptive treatments (e.g.,
bisphosphonates). Studies have documented significant improvements in REMS-derived stiffness
scores following therapy—even when DXA BMD remains unchanged [9,25]. Cost-effectiveness
analyses further support REMS by demonstrating reduced healthcare expenditures through
decreased repeat imaging and earlier diagnosis [29]. Recent multicenter investigations have validated
REMS'’s clinical benefits across diverse ethnic groups, as reflected in the Japanese guidelines [28],
while Fuggle et al. (2024) reported superior longitudinal fracture prediction compared to DXA [20].
Furthermore, a case report by Kirilov et al. (2023) expanded the diagnostic applications of REMS by
highlighting a new aspect of its use [28]. Nevertheless, widespread adoption of REMS is currently
limited by factors such as device availability, operator dependency, lack of standardized protocols,
and reimbursement challenges. Future research should aim to refine REMS technology, establish
uniform guidelines, expand operator training, and integrate REMS with biochemical markers of bone
turnover to further enhance fracture risk prediction and therapeutic guidance [9,30].

The present study aims to evaluate and offer insight on the main capabilities of REMS compared
to DXA in patients with SpA. The primary objective is to determine whether REMS has a higher
sensibility in detecting mineral bone loss specifically for the lumbar spine, in regard to the presence
of syndesmophytes or the calcification of longitudinal vertebral ligaments compared to DXA scans
by measuring BMD with both methods. Secondary objectives are aimed at classifying the type of
bone “age” individuals with SpA have, compared to control groups comprising patients without the
presence of any inflammatory systemic disease or therapies that influence bone metabolism. Finally,
this study aims to provide information on the applicability of REMS in day-to-day rheumatological
practice by determining the differences between SpA patients and a group from the general
population, helping describe the impact of these diseases on bone health.

2. Materials and Methods

A cross-sectional study was performed to evaluate REMS’s usefulness in diagnosing
osteoporosis in individuals with axial spondyloarthritis (AxSpA). The diagnosis of AXSpA is based
on the ASAS classification criteria for AxSpA approved in 2006 by the European League Against
Rheumatism (EULAR) and the American College of Rheumatology (ACR). A total of 76 patients with
AXSpA were enrolled (63 under the age of 45 and 13 above the age of 45), as well as 535 individuals
in the control group (162 under 45 years and 373 above 45 years of age). The enrollment period and
data gathering period were between May 2020 and August 2023 at two healthcare centers that
included wards for internal medicine and rheumatology patients. One center was public, and the
other private. The main inclusion criteria for both SpA patients are represented by the following:

a. Confirmed diagnosis of AxSpA based on ASAS classification criteria;

b. No former or present anti-osteoporotic or any Disease-Modifying Anti-Rheumatic Drug
(DMARD) treatment that can influence bone metabolism;

c. Had a recent DXA scan performed (less than a month) or will perform one in the future (less
than a month) through recommendation and referral from a rheumatology physician based on
clinical judgment;

d. DXA scans performed for L1-L4 lumbar vertebrae and hips;

d0i:10.20944/preprints202502.1559.v2
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e. Front and profile lumbar spine x-rays performed in the same year as normal follow-up
investigations.
Exclusion criteria included the following:

a. Other comorbidities or medications that influence bone metabolism (e.g., Cushing’s syndrome,

endocrine disorders, glucocorticoid therapy, antidepressive treatment, etc.);

No medical recommendation for DXA scan;

Patients under biological DMARDs;

Patients under classical synthetic DMARDs;

No imaging of the lumbar spine.

®an T

L1-L4 acquisition sample for Focus and Depth verification *

Figure 1. Images obtained from the report form of REMS in an AXSpA patient. The arrow points at an anterior

longitudinal ligament calcification that can lead to the overestimation of BMD in DXA scans.

The recruitment of the control group was carried out on the population without any
inflammatory rheumatic diseases, and they were selected after close analysis of their medical history,
chronic medications, recent past medications, or current medications that could influence bone
metabolism. The public hospital represented the main center where the control group was recruited
from.

After careful analysis of the patient’s documents and finding individuals that respect both the
inclusion and exclusion criteria, documents were checked to see if any recent DXA scans were
performed. During regular clinical follow-up, frontal and profile X-rays were performed before any
BMD measurement, with the main focus of describing the presence of syndesmophytes or other
structural modifications of the spine (osteophytes, fragility fractures, vertebral fusion, etc.).
Additionally, standard lab tests, including vitamin D testing, were performed. If the patients had no
DXA scan performed and no indication of performing one, they were not included in the study. If
individuals had indication for DXA scan, based on clinical judgment and an evaluation of risk factors
such as smoking status, small stature, low body mass index (BMI), they were given an informed
consent form and were given a full explanation of the study design, its aims, and the investigations
performed. After signing, a referral for DXA analysis was given so they could perform the scan at a
different accredited diagnostic center of their choosing. REMS scans were performed afterward in all
patients included in the study at two centers, Dr. I. Cantacuzino Hospital Bucharest (public) and at
Osteodensys private clinic in Bucharest, by trained professionals from the study team. The
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anatomical regions examined were the classical ones: the lumbar spine (L1-L4) and the femoral neck
bilaterally.

Statistical analysis was performed using Microsoft Excel, Minitab version 20.3.0 (Minitab LLC),
using T-tests for independent variables when comparing the two main study groups in regard to age
and vitamin D levels, and one-way ANOVA to compare BMD values the study groups (Table 1).
Tables and figures were created in Microsoft Excel and Minitab. Although the author fully wrote the
manuscript, for clarity, Grammarly Al was used to make grammatical corrections to the text
(Grammarly Inc.).

Table 1. Descriptive statistics comparing the two study groups (*> 2-sample T-test analysis, #><p < 0.005, b<one-
way ANOVA, bp =0.118, cp =0.192).

Control (n = 535) SpA Patients (1 =76)
Male/Female 99/436 59/17
Age mean (range) yo 2 55.529(20-91) 36.96(20-65)
Underweight (%) 9(1.68) 0(0%)
Normal weight (%) 143(26.73%) 15(19.74%)
Overweight (%) 357(66.73%) 41(53.95%)
Grade I obesity (%) 26(4.86%) 20(26.32%)
Lumbar DXA BMD mean
.6957 (0. .78576 (0.
(StDev) o* 0.6957 (0.0989) 0.78576 (0.05058)
Lumbar REMS BMD mean 0.73980 (0.11492) 0.71112 (0.07707)
(StDev) ac
Vitamin D mild deficit 27 11% 23.07%

(percentage of individuals)

Data, including DXA BMD values, REMS BMD values, T scores, Z scores, Fragility Scores (FSs),
gender, age, x-ray modifications, vitamin D levels, weight, and height, were collected in multiple
Excel tabs, where sorting and initial descriptive statistics were performed. Afterward, they were
transferred to Minitatab worksheets where the main statistical tests and graphs were carried out and
created. Since there was no indication of the time needed to perform DXA scans, a mean value of 15
min was used based on the scientific data available at the moment in order to compare it with the
acquisition time of REMS.

3. Results

After the data were acquired, values of BMD, BMI, FS, and baseline vitamin D levels (where
available) were distributed according to age groups in quartiles of 10 years. The time of analysis for
REMS was noted for every patient and compared to a mean value of 15 min that is usually required
for DXA scans, not taking into consideration the time lost with patients requiring appointments and
time lost for transit.

Descriptive analysis shows differences between the two study groups in regard to gender, with
males comprising the majority of SpA patients, while the control group had a significant female
population, probably because postmenopausal women have a clear recommendation for at least one
baseline DXA evaluation (Table 1).

Of the 76 patients with SpA who presented for REMS evaluation, 2 had recent vertebral
fractures, where 1 classified as grade I wedge modification on the Genant scale affecting the T8
vertebra. Imaging performed during clinical practice for these patients did not show any structural
modification related to AXSpA. The other patient had a grade I crush deformity on the L4 vertebra,
and an X-ray showed multiple syndesmophytes in the lumbar area (Figure 2).

d0i:10.20944/preprints202502.1559.v2
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Figure 2. Lateral X-ray of a patient that first presented at the hospital with a fragility fracture of the L4 vertebra.
Aside from the fracture, multiple syndesmophytes can be noticed connecting the lumbar vertebral bodies

anteriorly and posteriorly.

Overall, REMS acquisition was faster than that of DXA, given the device’s portability. The mean
time of acquisition for REMS was about 14.5 min, which can be carried out in the physician
consultation room, compared to DXA, which has a mean acquisition time of about 15 min (two-
sample T-test; p < 0.005). DXA also requires special measures to ensure the safety of the patient and
the technician performing the examination. In addition, and this was strictly related to the study
conditions, the patients were not able to undergo DXA scans at the two locations where enrollment
was undertaken since neither had the hardware required, thus prolonging the theoretical time for
acquisition to more than 15 min.

BMD data from lumbar analysis were compared between the control group and the SpA group
using a two-sample T-test/Whelch (Figure 3, p <0.005), showing a significant difference between BMD
mean values measured with DXA vs. REMS. To refine the analysis, ANOVA was also performed for
the same groups, obtaining a p-value = 0.118. No significant differences were seen when comparing
hip sites, neither in regard to DXA vs. REMS analysis nor between the control and SpA groups after
only REMS measurements (two-sample T-test, p < 0.005). We analyzed the differences between
younger (under 45 yo) and older individuals (over 45 yo), comparing their BMD values measured
with REMS (Figure 4), where we found that younger patients with SpA have lower BMD values
compared to their equivalent age controls. This might suggest that bone loss is present from the onset
of the disease and can go unrecognized until classification criteria are met. This finding can explain
the two patients described anteriorly that presented directly with vertebral fractures, with no other
clinical manifestations suggestive of SpA.
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Boxplot of DXA BMD lumbar vs REMS BMD lumbar measurements
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Figure 3. Boxplot graph showing the differences between the BMD lumbar acquisitions in the SpA group when
comparing DXA and REMS.

Boxplot of BMD lumbar measurements with REMS
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Figure 4. Boxplot graph comparing the younger controls vs. younger SpA patients and older patients in the two
study groups (one-way ANOVA, p <0.005).

The study groups were further divided into age groups (quartiles of 10 years, Figure 5, two-
sample T-test, p < 0.005), and a one-way ANOVA test for variance was applied to the study groups,
showing a clear difference between spine BMD values and classifying values of patients with SpA as
having the same bone density values as the control group with ages between 40 and 49. This might
suggest that bone resorption due to chronic SpA starts in the early stages of the disease. Overall, SpA
individuals showed lower BMD values compared to the specific age groups (one-way ANOVA, p <
0.005, Figure 5). This can be interpreted as a clear indication of significant loss of bone mass in patients
with SpA. Additionally, given the fact that the BMD of the control group between 70 and 79 years of
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age is equivalent to the values obtained in the SpA patients with ages under 45 years, applying the
two-sample T-test (p < 0.005) proves the important impact that the disease has on bone mineralization
(Figure 5).

Additionally, vitamin D deficiency was more frequent in the SpA group compared to their
specific age group, with p <0.005 based on one-way ANOVA testing comparing all age groups, which
is a fact proved also in Table 1, when correcting for the number of individuals enrolled in each study

group.
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Figure 5. Interval plot graph obtained during one-way ANOVA statistical analysis of the 10-year groups of
controls and SpA patients, defining the peak BMD values of the control group situated in the 30-39 age range
compared to the much lower values obtained in the SpA group (one-way ANOVA, p <0.005).

4. Discussions

The higher percentage of female patients in the control group suggests the need of for BMD
evaluation in females, especially after menopause. On the other hand, the SpA group had a majority
of male patients, aligning with epidemiological studies that show that these types of diseases are
more frequent in male populations.

The comparison between the BMD values obtained with REMS showing lower values than the
control groups strengthens the claim that SpA influences bone metabolism and health, a common
conclusion of most densitometric studies using DXA, REMS, and qCT. The statistical analysis
comparing the DXA and REMS techniques has shown that REMS has a slightly higher sensibility in
detecting bone demineralization in patients, especially in those with chronic axial involvement,
making this a reliable tool for clinical use, also given its lower financial stress on public health
systems. This opens up the possibility of monitoring either osteoporotic-specific treatments or
DMARD treatments in specific inflammatory rheumatic diseases of the spondylarthritides group.
These results might primarily stem from the ability of the method to discern between bone and other
calcifications related to a multitude of pathologies. Moreover, although both methods offer results in
2D (g/cm?2), the flexibility in examining vertebral sites through the angulation of the transducer and
orienting ultrasound waves toward the area of interest may provide options for avoiding large
calcifications or other artifact-generating conditions. Thorough preparation is needed to conduct
REMS on the lumbar spine since improper dietary habits might lead to excessive gas accumulation
in the bowels, which act as an ultrasonic shield, dispersing sound waves and invalidating the
examination, and are a common limiter when it comes to acquisition times during the study.
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The results point out the relative superiority of REMS vertebral scans compared to DXA
vertebral scans in evaluating patients with SpA and vertebral modifications, as well as proving that
there are no significant differences for hip scans for the two methods. As was expected, patients with
SpA, especially with vertebral modifications have a lower BMD compared to patients with no
structural vertebral modifications in the same age group, making their vertebra “older”. This result
can be explained by the presence of the structural modification of the spine in SpA patients, such as
syndesmophytes and calcifications of the longitudinal vertebral ligament, modifications that can
influence BMD values of DXA scans by overestimating them. Further studies on larger populations
and in a diverse range of rheumatic inflammatory diseases can provide more information in order to
fully adapt the methods to the day-by-day need for rheumatology physicians. Recent scientific results
make REMS a reliable method of evaluating bone health in a wider range of patients.

The study offers valuable information on the applicability of REMS in SpA patients in Romanian
individuals, but multicenter trials on diverse populations from different geographical areas and of
diverse ethnicities are needed to validate REMS’s diagnostic thresholds and fracture risk prediction
capabilities across these diverse populations, including patients with SpA and other inflammatory
rheumatic diseases.

Combining REMS data with biomarkers of bone turnover or inflammatory activity, such as beta-
crosslaps and osteocalcin, could improve risk stratification for osteoporosis in individuals with SpA,
representing a further improvement to the present study, emphasizing the need for a more complex
methodology.

Ongoing innovations in ultrasound technology may enhance REMS's resolution and expand its
applications to other skeletal sites; the developers of this technology are already releasing software
for osteoarthritis prediction capabilities.

Vitamin D deficits in the study’s geographical region are not a common finding. The presence
of it when comparing it in SpA patients suggests a possible need for vitamin D supplementation,
with the analysis of this aspect being currently performed. This will provide a clearer indication for
vitamin D supplementation in these patients; this information has not yet been standardized and is
solely left in the hands of practicing rheumatology physicians.

The main shortcomings of this study are the lack of any tests indicating bone metabolism and
the absence of more complex groups and statistical comparisons, such as SpA patients with DMARD
treatments versus controls and SpA patients without any treatment. Overall, this study adds to the
present information in the scientific literature regarding the evaluation of patients with inflammatory
rheumatic diseases.

5. Conclusions

Radiofrequency Echographic Multispectrometry is a promising diagnostic tool for osteoporosis
in spondylarthritis patients. Its ability to assess bone quality beyond density, its radiation-free nature,
its portability, and its peripheral applicability address many challenges inherent to traditional
diagnostic methods. The main advantage of REMS compared to DXA from a physician’s perspective
is the ability to exclude extraosseous calcifications or formations in the analysis of BMD, being a more
precise method of analysis for patients with long-standing SpA with spinal modifications. Consistent
data from this study and from other scientific works aiming at evaluating bone health in AXSpA may
help in accelerating the processes of adapting the method worldwide and even be fully compensated
by more healthcare systems. As clinical evidence supporting REMS continues to grow, it is poised to
become an integral part of osteoporosis management in SpA, improving patient outcomes through
timely and accurate diagnosis.
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