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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 to overestimate 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 the 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.

Keywords: dual X-ray absorptiometry; radiofrequency echographic multi-spectrometry;
spondylarthritis; bone mineral density

1. Introduction

The Spondylarthritis group of diseases, which include ankylosing spondylitis (AS) and psoriatic
arthritis (PsA), are characterized by chronic inflammation affecting the axial skeleton and/or the
peripheral joints. Axial Spondylarthritis (AxSpA) includes the pathologies that mainly affect the axial
skeleton, thus determining acute and chronic modifications of the spine and sacroiliac joints. These
conditions predispose individuals to osteoporosis due to local and systemic inflammation, mostly
driven by increased secretion of proinflammatory cytokines, which can lead to pathological

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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activation of osteoclasts and altered biomechanics that lead to reduced mobility. A meta-analysis
revealed that the prevalence of osteoporosis in SpA varies by a large margin (from 18,7% to 62%),
suggesting the need for research covering other diagnostic methods [1].

DXA is a cornerstone in osteoporosis diagnosis, measuring bone mineral density (BMD) mainly
at the lumbar spine and hip sites. An advantage of DXA scans is the possibility of distal radio-ulnar
scan when hip scans can’t be performed (e.g., total hip replacement). The learning curve for
performing DXA scans is very permissible, especially in recent years, when technology and the use
of Al augments the tracing done by medical technicians. In SpA patients, syndesmophytes, vertebral
fusion, and calcifications can falsely elevate BMD readings measured with DXA, significantly
complicating osteoporosis detection [2]. This overestimation can be present in spite of performant
machinery and smart detection boosted by AL This points to the urgent need for alternative imaging
methods, such as quantitative computed tomography (qCT), which can provide volumetric BMD
(g/cm?3), but are associated with higher radiation exposure and limited availability [3]. Additionally,
qCT can be influenced by spinal deformities and other abnormalities common in SpA patients,
making it less reliable in these cases [4]. Radiofrequency Echographic Multispectrometry (REMS)
offers a promising alternative, utilizing ultrasound to assess bone quality and microarchitecture
without the limitations of DXA and qCT. In recent years this technique has been updated to provide
evaluation of peripheral sites, such as the radius or tibia, avoiding interference from axial skeletal
artifacts [5]. Furthermore, REMS assesses bone elasticity, stiffness, and microarchitectural integrity,
providing a broader evaluation of bone health than BMD alone [6]. Additionally the fragility score
(FS) included in REMS scans is a marker for bone fragility that is independent of BMD value.
Compared to DXA, REMS is more difficult to master, requiring either a physician with good
knowledge of ultrasound-driven imagistic methods or a good knowledge of pathologies affecting the
spine. Although it mainly takes about 8 minutes for a complete evaluation of both spine and hip
density, scanning time can be influenced by multiple factors such as: intestinal gas, thick abdominal
wall due to obesity and severe spinal deformities.

2. Pathophysiology of Osteoporosis in Spondylarthritis

Osteoporosis in spondylarthritis (SpA) is a multifactorial process driven primarily by chronic
systemic inflammation, which profoundly alters bone homeostasis. The pathological mechanisms
underlying osteoporosis in SpA involve an intricate interplay between inflammatory cytokines, bone
remodeling disruptions, biomechanical alterations, and metabolic factors.

Chronic inflammation serves as the primary driver of bone loss in SpA, mediated by the
excessive production of pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a),
interleukin-18 (IL-1B), and interleukin-17 (IL-17). These cytokines promote osteoclastogenesis
through the upregulation of receptor activator of nuclear factor kappa-B ligand (RANKL) while
simultaneously suppressing osteoprotegerin (OPG), a key regulator that inhibits osteoclast
differentiation. The resulting imbalance leads to increased osteoclast activity and increased bone
resorption, ultimately reducing bone mineral density (BMD) and predisposing individuals to a
higher risk of fragility fractures.

Furthermore, TNF-at and IL-17 directly interfere with osteoblast differentiation, activation and
function by inhibiting the Wnt/{3-catenin signaling pathway, a pathway of increased importance for
bone formation. These cytokines also stimulate the production of Dickkopf-1 (DKK-1) and sclerostin,
both of which are potent inhibitors of osteoblast-mediated bone formation. This dual effect of
enhanced resorption and impaired formation accelerates bone loss in SpA patients.

A hallmark of SpA is the paradoxical coexistence of osteoporosis and aberrant new bone
formation. Chronic inflammation at the vertebral entheses promotes the deposition of mineralized
tissue, leading to calcification of spinal ligaments and the development of syndesmophytes. This
process results from a pathological shift in mesenchymal progenitor cell differentiation, favoring
osteoproliferation over osteoblastogenesis. The formation of intervertebral bridges and ankylosis
further alters the mechanical loading of the spine, leading to compensatory bone loss in adjacent
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skeletal regions. This disrupted biomechanical environment contributes to trabecular
microarchitecture deterioration and increased fracture susceptibility, particularly in the vertebrae.

Pain and stiffness associated with SpA frequently result in reduced physical activity, which is a
critical determinant of bone health. Mechanical loading plays an essential role in maintaining bone
density through the stimulation of osteocytes and the regulation of bone remodeling processes. In
the absence of adequate mechanical stimuli, osteoclast activity predominates, leading to disuse
osteoporosis and an elevated risk of fractures.

Additionally, pharmacological management of SpA often involves glucocorticoids, which
exacerbate bone loss through multiple mechanisms. Glucocorticoids directly stimulate
osteoclastogenesis while inhibiting osteoblast proliferation and differentiation. They also promote
calcium resorption from bone, reduce intestinal calcium absorption, and increase renal calcium
excretion, leading to secondary hyperparathyroidism and further bone demineralization. The
cumulative effect of long-term glucocorticoid therapy significantly heightens the risk of osteoporosis
in SpA patients.

Vitamin D deficiency is highly prevalent in individuals with SpA and represents an additional
compounding factor in osteoporosis pathogenesis. Vitamin D plays a crucial role in calcium
homeostasis, facilitating intestinal calcium absorption and maintaining adequate serum calcium
levels necessary for bone mineralization. Deficient vitamin D levels not only impair these processes
but also contribute to systemic inflammation by modulating immune responses. Reduced vitamin D
availability leads to elevated levels of parathyroid hormone (PTH), which further accelerates bone
resorption, compounding the inflammatory-driven bone loss seen in SpA. Moreover, vitamin D is
involved in muscle health and strength, being associated with a higher risk of falls and fractures in
patients with a deficiency of this micronutrient.

3. Principles of Radiofrequency Echographic Multispectrometry

REMS employs high-frequency ultrasound to analyze bone tissue's elastic and structural
properties. Unlike DXA, which measures areal BMD, REMS captures multi-spectral data, providing
a comprehensive assessment of bone quality. The method works by analyzing the propagation of
ultrasound waves through bone tissue, measuring properties such as elasticity and bone
mineralization, which are critical determinants of bone strength. Several key parameters are
measured in REMS:

*  Bone Mineral Density (BMD): An estimate of bone mineral content, similar to DXA but with the
added advantage of assessing peripheral sites.

e Elastic Modulus (E): Reflects bone stiffness and fracture resistance, a crucial factor in
understanding bone fragility.

®  Microarchitectural Integrity: Evaluates the trabecular and cortical bone components, critical for
understanding bone's structural stability and its ability to resist fracture.

REMS has demonstrated superior sensitivity in detecting bone quality changes compared to
traditional DXA, particularly in populations with axial skeletal involvement [12]. While DXA remains
the gold standard for assessing areal BMD, REMS provides a more holistic evaluation by integrating
both quantitative and qualitative data about bone health. The ability to assess bone quality, such as
microarchitecture, helps in predicting fracture risk more accurately than BMD measurements alone,
especially in individuals with normal or only mildly reduced BMD [13].

4. Advantages of REMS in SpA Patients

Unlike DXA and qCT, REMS involves no radiation, making it safer for repeated use, especially
in younger patients or those requiring frequent monitoring, as well as examination in pregnant
women [14]. By assessing sites like the radius or tibia, REMS avoids the confounding effects of
syndesmophytes and calcifications in the axial skeleton. In one study, the diagnostic accuracy of
REMS was found to be significantly better than DXA in SpA patients with vertebral deformities and
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calcifications [15]. Moreover, REMS recognizes extraskeletal calcifications (aortic, ligamentous, etc.),
which may influence the interpretation of other imaging results [16]. This unique feature allows
REMS to provide a more accurate reflection of bone health, particularly in conditions like SpA, where
axial skeleton abnormalities can complicate traditional bone density assessments.

REMS evaluates bone quality metrics such as stiffness and microarchitecture, providing a more
complete understanding of fracture risk compared to BMD alone. Recent studies have shown that in
patients with axial SpA, REMS can identify bone deterioration and fracture risk even when DXA fails
to detect osteoporosis due to spinal deformities [17]. Additionally, REMS devices are compact and
suitable for outpatient or bedside settings, improving access to osteoporosis diagnostics. A study
conducted in rural and remote regions demonstrated the feasibility and cost-effectiveness of using
portable REMS devices in diagnosing osteoporosis and monitoring treatment efficacy [18].

5. Evidence Supporting REMS in Osteoporosis Diagnosis

Multiple studies have demonstrated REMS's strong correlation with DXA-derived T-scores,
confirming its reliability in detecting osteoporosis. For example, a 2022 study by Di lorio et al. showed
high concordance between REMS and DXA results in rheumatoid arthritis patients, a population with
similar inflammatory and structural challenges for peripheral sites [19]. REMS's ability to assess bone
quality enhances fracture risk prediction. A 2021 meta-analysis found that REMS detected
microarchitectural abnormalities in patients with fractures but normal DXA T-scores, emphasizing
its role in identifying high-risk individuals who might otherwise be missed [20]. In SpA-specific
studies, REMS has demonstrated superior diagnostic accuracy in detecting osteoporosis, particularly
in patients with syndesmophyte-related BMD artifacts. Braga et al reported that REMS identified
osteoporosis in 35% of SpA patients who were misclassified as normal by DXA [21]. This ability to
detect osteoporosis despite normal BMD readings has significant clinical implications, as it helps
identify individuals at high fracture risk who would benefit from early intervention.

Additionally, REMS has been shown to monitor the effectiveness of therapeutic interventions
more accurately than DXA. In one longitudinal study, SpA patients receiving anti-TNF therapy had
significant improvements in REMS-derived bone stiffness scores, even when DXA showed no
significant changes in BMD [22]. This suggests that REMS is more sensitive to changes in bone quality
that may not be reflected in traditional BMD measurements.

While the studies supporting REMS as a valuable tool for osteoporosis detection and monitoring
present compelling evidence, several limitations must be acknowledged. Many of these studies have
relatively small sample sizes, which may limit the generalizability of their findings across broader
patient populations. Additionally, the majority of REMS research has focused on specific patient
cohorts, such as individuals with rheumatoid arthritis or SpA, raising concerns about its applicability
to the general population. Variability in study methodologies, including differences in REMS
protocols, measurement sites, and reference standards, also presents challenges in directly comparing
results across studies. Furthermore, the lack of long-term follow-up data means that REMS's
predictive value for fracture risk over extended periods remains uncertain. Given these limitations,
further large-scale, multicenter studies with standardized methodologies and longitudinal
assessments are needed to fully establish REMS's role in osteoporosis management.

6. Integrating REMS into Clinical Practice

REMS should be incorporated into osteoporosis screening for SpA patients, especially those with
inconclusive or artifact-prone DXA results. It can serve as a first-line tool in primary care settings or
as a confirmatory test following DXA. A recent survey of rheumatologists indicated that REMS was
highly regarded for its ability to provide accurate assessments of bone health in SpA patients,
particularly in settings where DXA results may be ambiguous due to spinal involvement [23]. As of
now, REMS is used along with DXA for diagnosis and follow-up after treatment initiation in many
countries, including Italy, the USA, and Japan [24]. REMS's ability to detect subtle changes in bone
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quality makes it valuable for monitoring therapeutic responses, such as improvements following
biological therapy (Denosumab) or anti-resorptive agents (bisphosphonates) [25]. In clinical practice,
the integration of REMS with DXA may allow for a more personalized approach to osteoporosis
management, particularly in SpA patients, as well as monitoring the impact of csDMARDs and
bDMARDSs on bone health due to its practicality and repeatability.

Although initial costs may be higher, REMS's portability and lack of radiation may offset
expenses associated with repeated DXA or advanced imaging techniques. A cost-effectiveness
analysis conducted in 2023 demonstrated that REMS reduced the overall healthcare burden in SpA
management, particularly by reducing the need for repeat imaging and enabling earlier diagnosis of
osteoporosis [26]. Future advancements in REMS technology may further expand its clinical
applications, including its integration with biomarkers of bone turnover to enhance predictive
accuracy for fractures and guide therapy initiation [27].

All the apparent benefits of using REMS are shadowed by a series of disadvantages that reduce
its use. Among these we want to point out:

a. Limited Availability and Accessibility - REMS technology is not yet widely available in all healthcare
facilities, potentially limiting its adoption, especially in resource-constrained settings [28].

b. Operator Dependence — While REMS is less operator-dependent than DXA, variability in
technique and interpretation among different users may still impact diagnostic accuracy. A
skilled physician with good knowledge of ultrasound imaging is usually required to obtain the
correct frames of evaluation and interpretation of results [29].

c. Lack of Standardization — REMS is a relatively new technology, and its clinical guidelines,
reference ranges, and validation across diverse populations are still evolving, making
widespread adoption challenging. Although it is included in standard clinical practice in Italy,
further confirmation from studies on different populations is needed [30].

d. Comparability with DXA - Since DXA is the gold standard for osteoporosis diagnosis,
transitioning to REMS requires establishing comparability, which may involve additional
validation studies and regulatory approvals. In some regions (e.g., Romania), there is a high
level of doubt regarding REMS and its probable inclusion in standard clinical practice [31].

e. Reimbursement and Cost Concerns — Insurance coverage for REMS assessments may be limited, and
initial costs for device acquisition and training could be barriers for healthcare institutions [32].

f.  Limited Longitudinal Data — Long-term studies on REMS efficacy in monitoring osteoporosis
progression and evolution under treatment are still ongoing, making it difficult to determine its
full applicability in clinical practice [28,32].

7. Objectives

The present study aims to point out 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 regards to the presence of syndesmophytes or
calcification of longitudinal vertebral ligaments compared to DXA scans. Secondary objectives are
aimed at classifying the type of bone “age” individuals with SpA have, compared to control groups
comprised of patients without the presence of any inflammatory systemic disease or bone resorbing
therapies.
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L1-L4 acquisition sample for Focus and Depth verification *

Image 7.1 — Lumbar acquisition during REMS exploration in a patient with axial spondylarthrtis. The
arrow shows the presence of an anterior longitudinal vertebral calcification that has the potential of falsely
increasing BMD determination with DXA examination.

8. Materials and Methods

A transversal observational with minimal intervention study was performed in order to evaluate
the usefulness of REMS in diagnosing osteoporosis in individuals with Axial Spondylarthritis
(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 was between May 2020 and
August 2023. The main inclusion criteria are represented by:

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 done (less than a month) or will perform one in the future (less than a
month) through recommendation from a rheumatology physician based on clinical judgement;

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

e. Front and profile lumbar spine x-rays done in the same year — as normal follow-up
investigations.

Exclusion criteria include:

a. ther comorbidities or medications that influence bone metabolism (e.g. Cushings syndrome,
endocrine disorders, glucocorticoid therapy, antidepressive treatment etc.);

No medical recommendation for DXA scan;

Patients under biological DMARDs;

Patients under classical synthetic DMARDs;

No imagistics of the lumbar spine.

® o0 o

DXA scans were performed in different diagnostic centers based on medical recommendations.
REMS scans were done in two centers, at Dr. I. Cantacuzino Hospital Bucharest and at Osteodensys
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private clinic in Bucharest by trained professionals. The anatomical regions examined were the
classical ones: the lumbar spine (L1-L4) and the femoral neck bilaterally. Since the main objective of
the study was to identify possible differences between the control group and patients with SpA and
imagistic modifications of the spine, frontal and profile X-rays have been performed before any BMD
measurement, with the main focus of describing the presence of syndesmophytes. Additionally,
standard lab tests, including vitamin D testing, were performed.

Statistical analysis was done using Minitab version 20.3.0, using t-tests for independent
variables, Mann-Whitney U-tests, and one-way ANOVA to compare the study groups. Tables and
figures were made in Microsoft Excel. Although the manuscript is fully written by the author, for
clarity, Grammarly Al was used to make grammatical corrections of the text.

9. Results

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

Of the 76 patients with SpA that presented for REMS evaluation, 2 had recent vertebral fracture,
one classified as grade I wedge modification on the Genant scale affecting T8 vertebra. Imagistics
done during clinical practice for these patients didn’t show any structural modification related to
AXSpA. The other patient had a grade I crush deformity on L4 vertebra, X-ray showing multiple
syndesmophytes in the lumbar area (Image 9.1).

Figure 9.1 — Lateral X-ray of the lumbar spine of one of the patients who presented with vertebral fracture.
A grade I crush deformation can be seen on the L4 vertebra, as well as multiple syndesmophytes forming
bridges between lumbar vertebrae.
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Table 9.1 — Descriptive statistics for SpA group after measurement with DXA and REMS for female (f)
patients and male patients (m)

Statistics

Variable Sex Total Count N N* Mean StDev Variance CoefVar Minimum

DXA BMD lumbar f 1717 0 0.7674 0.0450 0.0020 5.87 0.6710
m 5959 0079107 0.05120 0.00262 6.47 0.67500

REMS BMD lumbar f 1717 0 0.6899 0.0699 0.0049 10.13 0.6030
m 5959 0 07172 0.0785 0.0062 10.94 0.6110

Variable Sex Q1 Median Q3 Maximum Range IQR

DXA BMD lumbar f 0.7420 07760 0.7975 0.8550 0.1840 0.0555
m  0.75800 0.80100 0.82500 0.87700 0.20200 0.06700

REMS BMD lumbar f 0.6315 06710 0.7420 0.8140 0.27110 0.1105
m 0.6480 0.7100 0.7810 0.9200 0.3090 0.1330

Variable Sex Mode N for Mode
DXA BMD lumbar f 0.758 2
m 0.727,0.753, 0.801, 0.81 2
REMS BMD lumbar f * 0
m 0.748 3

The data contain at least five mode values. Only the smallest four are shown.

First and foremost, REMS acquisition was faster than that of DXA, given the device's portability.
The mean time of acquisition for REMS was about 14.5 minutes, which can be done in the physician
consultation room, compared to DXA, which had a mean acquisition time of about 15 minutes (2-
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 related strictly to the study
conditions, the patients weren’t able to do DXA scans in the two locations where enrollment was
done since neither had the hardware required, thus prolonging the theoretical time for acquisition to
more than 15 minutes.

Boxplot of DXA BMD lumbar vs REMS BMD lumbar measurements
0.954

0.90

0.85

0.80

0.754

BMD (g/cm?2)

0.70

0.65

0.60 -

DXA BMD lumbar REMS BMD lumbar

Graph 9.1 — Comparison between BMD values measured with DXA vs. REMS. Statistical analysis shows a
significant difference between the two methods, suggesting that REMS may be more sensible in detecting
low BMD in those with structural modification specific for AXSpA. (2-sample T-test, p<0,005).
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BMD data from lumbar analysis was compared between the control group and the SpA group
by using 2-sample T-test/Whelch (graph 9.1, p<0.005), showing a significant difference between BMD
mean values measured with DXA vs REMS. The result obtained is in concordance with data found
in literature regarding the higher incidence of osteoporosis in patients with SpA.

No significant differences were seen when comparing hip sites, neither in regards to DXA vs
REMS analysis, nor between the control group and SpA group after REMS measurement (2-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 (graph 9.2), 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.

The study groups were further divided into age groups (quartiles of 10 years, Graph 8.3, 2-
sample T-test, p<0.), and 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 40-49 years old. This
might suggest that bone resorbtion due to chronic SpA starts in early stages of the disease. Overall
SpA individuals showed lower BMD values compared to the specific age groups (Graph 9.3).

Interval Plot of Lumbar BMD measured with REMS
95% Cl for the Mean

0.85

0.80 -

0.75 -

0.70

0.65 -

BMD (g9/cm2)

0.60

0.55 -

0.50

The pooled standard deviation is used to calculate the intervals.

Graph 9.1 - Difference between DXA scans and REMS scans in patients with SpA.
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Boxplot of BMD lumbar measurements with REMS
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Graph 9.2 — Comparison of the control and SpA groups based on age under and above 45 yo. Analysis done
with one-way ANOVA (p<0.005) shows a significant difference when comparing younger individuals with
less age related bone degradation compared to the older groups. This may suggest that bone resorption
starts early in the evolution of SpA.

Additionally, vitamin D deficiency was more frequent in older patients with SpA with long-
standing disease compared to their specific age group, with p<0.005 based on one-way ANOVA
testing comparing all age groups.

10. Discussion

The results further confirm the scientific literature data that underscores the risk of osteoporosis
in patients with SpA. Furthermore, a statistical analysis comparing DXA and REMS techniques has
shown that REMS has a slightly higher sensibility in detecting bone demineralization in patients 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/cm2), the flexibility in examining vertebral sites by
angulation of the transducer and orienting ultrasound waves towards the area of interest may
provide options for avoiding large calcifications or other artifact-generating conditions. Thorough
preparation is needed to do REMS on the lumbar spine since improper dietary habits might lead to
excessive gas accumulation in the bowels that act as an ultrasonic shield, dispersing sound waves
and invalidating the examination.

Multicenter trials on diverse populations from different geographical ares and of diverse
ethnicities are needed to validate REMS's diagnostic thresholds and fracture risk prediction
capabilities across 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.
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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.

11. Conclusion

Radiofrequency Echographic Multispectrometry is a promising diagnostic tool for osteoporosis
in spondylarthritis patients. Its ability to assess bone quality beyond density, radiation-free nature,
portability, and peripheral applicability addresses 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 modification. Consistent data
from this study and from other scientific works aiming at evaluating bone health in 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. 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”. Further studies on
larger studies are required to fully confirm these findings, especially comprising patients with other
genetic characteristics and from different geographical regions and ethnicities.
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