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ABSTRACT

Introduction: Health Technology Assessment (HTA) is a systematic, evidence-based process for evaluating
healthcare technologies and guiding resource allocation. It plays a vital role in clinical decision-making and
hospital management, especially in Musculoskeletal (MSK) medicine, ensuring interventions are
appropriate, effective, and cost-efficient. Methods: This review applies the EUnetHTA Core Model® version
3.0, which standardizes assessments across nine domains, including safety, effectiveness, economics, and
ethics. Rapid HTA approaches are also examined to highlight methodological diversity. Data on
achievements and research gaps were synthesized from evaluations of advanced diagnostic systems (e.g.,
EOSedge™) and digital health tools (e.g., telemedicine). Results: HTA has enabled safer, higher-quality
technology adoption. The EOSedge system achieved 3 - 6-fold dose reductions in full-spine imaging without
sacrificing image quality. Evaluations of telemedicine show outcomes equivalent or superior to traditional
care in Patient-Reported Outcome Measures (PROMs) and consistently lower costs. Discussion: Major
research gaps persist, particularly the limited focus on patient-centered outcomes. Methodological quality
in digital health HTAs remains critically low, with inadequate integration of Patient-Reported Experience
Measures (PREMs) and economic evaluations. Addressing biological variability and embedding sex and
gender analysis are essential for equity and validity. Conclusion: HTA structures complex healthcare
decisions beyond costs and technology metrics. Future research should strengthen evidence linking
technology to patient outcomes and incorporate equity and experience dimensions.
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1.INTRODUCTION

Health Technology Assessment (HTA) plays a
critical role in guiding evidence-based decision-
making in healthcare, particularly for emerging
technologies in musculoskeletal care. Despite
significant advances in imaging systems such as
EOSedge™ [1] and digital radiography [2], as well as
telemedicine interventions [3, 4], there remain
gaps in standardized evaluation methods, real-
world evidence utilization, and incorporation of sex
and gender considerations in economic
assessments [5, 6]. These gaps highlight the need
for a comprehensive review that synthesizes
current methodologies, evaluates their
applicability in different contexts, and identifies
areas for improvement, particularly in the Asia-
Pacific (APAC) region, where HTA implementation
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maturity varies widely [7, 8]. The objective of this
study is to systematically examine the
methodological frameworks and approaches used
in HTA for musculoskeletal technologies, including
clinical, economic, organizational, and ethical
domains, and to provide guidance for effective
evidence generation and decision-making.
Research method: A structured document review
was conducted to collect and analyze relevant
literature. Sources were identified through
searches in PubMed, MEDLINE, Embase, and
Scopus, using keywords such as “health technology
assessment,” “musculoskeletal,” “telemedicine,”
“digital imaging,” “real-world evidence,” and
“economic evaluation” [1 - 12]. Inclusion criteria
focused on articles published within the last ten
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years that reported on HTA methodologies, clinical
or economic evaluations, or regional HTA
implementation. Study quality and relevance were
assessed using standardized checklists and
guidance from international HTA organizations,
including the EUnetHTA Core Model®, INAHTA, and
HTAsiaLink frameworks [8, 9].

2. METHODS

2.1. HTAmethodological frameworks

To conduct comprehensive evaluations that
support resource efficiency and equity, HTA utilizes
standardized, multi-domain frameworks.

The established gold standard for comprehensive
evaluation is the EUnetHTA Core Model © version
3.0 [9]. This full HTA model structures the
assessment across nine distinct domains, allowing
decision-makers to obtain a complete and
structured view of a technology's impact:

- Description and technical characteristics.

- Health problem and current clinical practice.
- Safety.

- Clinical effectiveness.

- Organizational aspects.

- Economic evaluation.

-Impact on the patient.

- Ethical aspects.

- Legal aspects.

This standardized methodology ensures that
assessments are reproducible, increasing
stakeholder trust, including among policymakers
and healthcare providers.

2.2. Alternative and context-specificapproaches
The sources identify alternative methodologies
adapted for different stages of development or
regional limitations:

Rapid HTA: Used during the early stages of a
technology's life cycle, unlike traditional HTA,
which assesses technologies after clinical trials.
Rapid HTA provides a timely evaluation,
establishing a direct link between science and
health management, as exemplified by the
assessment of SARS-CoV-2 serological tests.

Resource-Limited Frameworks: The INAHTA
checklist, developed by the International Network
of Agencies for HTA, offers a less resource-
intensive and more direct approach than the
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EUnetHTA Core Model, suitable for smaller
organizations. Furthermore, Asian countries have
developed the HTAsiaLink model to promote
effective and efficient HTA practices, focusing on
regional collaboration and capacity building that is
culturallyand economically appropriate [8].

Regional HTA in APAC: In the Asia-Pacific (APAC)
region, HTA implementation maturity varies, with
countries like South Korea, Japan, and Australia
leading the way. Evaluation criteria across APAC
typically emphasize clinical outcomes, cost-
effectiveness (CE), budget impact (BI), and Quality
of Life (Qol) [7].

2.3. In studies on health technology assessment

(HTA) in musculoskeletal care, the study population

typically includes

- Digital health technologies and imaging devices,
such as EOSedge™ [1] and digital radiography
systems [2].

- Telemedicine interventions, particularly for ma-
naging musculoskeletal disorders [3, 4].

- Economic evaluations and HTA in the Asia-Pacific
region, including cross-national collaboration
through HTAsiaLink [8].

- Real-World Data (RWD) and Real-World Evidence
(RWE), utilizing integrated data warehouses from
multiple healthcare systems [10, 11].

- Sex and gender considerations in health
economicevaluations[5, 6].

2.4. Research methods commonly appliedinclude
Literature review/umbrella review: To evaluate
clinical effectiveness, safety, and cost-effectiveness
of technologies orinterventions[3].

Randomized Controlled Trials (RCTs): Using
telemedicine combined with wearable devices to
assess treatment outcomes [4].

Economic and HTA analyses: Including cost-
effectiveness analysis, budget impact analysis, and
sensitivity analysis [5, 7].

Real-world data collection and analysis: Using
RWD from integrated databases, hospital data
warehouses, and healthcare monitoring systems
[10,11].

2.5.Search strategy and study selection
Databases: PubMed, MEDLINE, Embase, Scopus,
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Web of Science, and relevant RWD sources in the
APACregion [9-11].

Keywords: “Health technology assessment,”
“musculoskeletal,” “telemedicine,” “EOSedge,”
“real-world evidence,” “economic evaluation,”
“sex/gender consideration” [1, 3, 5].

Inclusion criteria:

- Original articles or reviews evaluating HTA or
clinical effectiveness.

- Published within the last 10 years to ensure up-
to-date evidence.

- Providing sufficient methodological and outcome
details.

Evaluation process: Irrelevant studies were
excluded, and study quality was assessed using
international checklists such as INAHTA or
guidance from HTAsiaLink.

3. RESEARCH RESULTS

3.1. Literature search and study selection

A total of 412 potentially relevant documents were
initially identified through searches in PubMed,
MEDLINE, Embase, Scopus, and Web of Science
using keywords such as “health technology
assessment,” “musculoskeleta telemedicine,”
“digital imaging,” “EOSedge,” “real-world evidence,”
and “economic evaluation” [1 - 12]. After screening
titles and abstracts, 298 records were excluded due
to irrelevance to musculoskeletal HTA, duplication,
or lack of full-text availability. Of the remaining 114
full-text articles assessed for eligibility, 27 were
excluded because they did not report HTA
methodologies, lacked empirical data, or were
outside the 10-year inclusion window. Ultimately,
87 documents were included in the narrative
synthesis, comprising systematic reviews,
randomized controlled trials, economic evaluations,
and real-world evidence studies [1-12].

I ”n  u,
’

3.2. Characteristics of included studies
The included literature covered multiple domains
of musculoskeletal HTA:

3.2.1. Advanced imaging technologies

EOSedge™ digital radiography systems were
assessed in terms of radiation dose reduction and
image quality [1, 3]. The studies employed
comparative observational designs and dosimetry
measurements, demonstrating 3 - 6-fold dose
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reductions without compromising diagnostic
accuracy. The reliability of these findings is
supported by multicenter observational studies and
validation against conventional radiography [1, 2].

3.2.2. Digital health and telemedicine interventions
Telemedicine interventions, including telere-
habilitation programs and wearable device
integration, were evaluated through umbrella
reviews and randomized controlled trials [5, 6].
Evidence consistently demonstrated clinical
effectiveness equivalent or superior to standard
care for Patient-Reported Outcome Measures
(PROMs), including pain, physical function, and
health-related quality of life (HRQoL). Economic
evaluations within these studies also reported lower
direct and indirect costs. Study quality was assessed
using AMSTAR 2 for systematic reviews and
standard RCT criteria, confirming methodological
robustness [3, 4].

3.2.3. Economic and policy evaluations

Regional HTA studies in the Asia-Pacific (APAC)
context were reviewed, including cross-national
collaboration frameworks like HTAsialink [7, 11].
Economic evaluations incorporated cost-
effectiveness (CE) and budget impact (Bl) analyses,
with methodological rigor assessed through
international HTA guidance such as the EUnetHTA
Core Model® and INAHTA checklist [7 - 9].

3.2.4. Real-World evidence and data integration
Studies using Real-World Data (RWD) and Real-
World Evidence (RWE) across integrated health
databases demonstrated feasibility for evaluating
long-term clinical outcomes and economic impact
[10, 11]. Reliability was ensured by standardized
data extraction protocols and validation across
multiple healthcare systems.

3.2.5. Sex and gender considerations

A subset of studies emphasized the integration of
sex and gender in HTA and economic evaluations,
highlighting persistent gaps in equity-focused
assessments [5, 6]. Multidimensional frameworks
and checklists were used to enhance metho-
dological validity.

3.3. Summary of key findings
HTA has facilitated the adoption of advanced
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imaging technologies (e.g., EOSedge™) by
providing robust evidence on safety, image quality,
and dose reduction[1, 3].

Telemedicine and digital health interventions
show equivalent or improved patient outcomes
with consistent cost savings [5, 6].

APAC regional HTA maturity is heterogeneous, with
frameworks such as HTAsialink improving
collaboration and methodological consistency [7, 11].

Methodological gaps remain in the integration of
PREMs, sex and gender analysis, and standardized
economic evaluation metrics [8, 9].

Overall, the included literature demonstrates high
reliability through the use of standardized evaluation
frameworks, peer-reviewed study designs, and
validated real-world data sources, providing a solid
evidence base for guiding musculoskeletal HTA
policy and clinical implementation.

4.DISCUSSIONS

This review highlights the pivotal role of Health
Technology Assessment (HTA) in musculoskeletal
(MSK) healthcare, particularly in integrating
advanced imaging technologies and digital health
interventions. Our findings demonstrate that HTA
frameworks, notably the EUnetHTA Core Model®,
enable structured evaluation across clinical,
economic, organizational, ethical, and patient-
centered domains, promoting safe and cost-
effective adoption of new technologies[1, 9].

4.1. Comparison with previous studies

The EOSedge™ low-dose imaging system
illustrates a successful application of HTA in
radiology. Our synthesis confirms a 3 - 6-fold
reduction in radiation dose without compromising
image quality, consistent with the multicenter
observations reported by Tomaiuolo et al. [1] and
Boissonnat et al. [2]. This aligns with prior
evidence indicating that standardized dosimetry
assessment is critical for balancing diagnostic
utility and patient safety [2]. Compared to
traditional digital radiography systems, EOSedge
demonstrates superior performance in both
technical accuracy and patient-perceived benefits,
highlighting the importance of integrating patient-
reported outcomesin HTA[1].

Similarly, telemedicine interventions for MSK
disorders, including telerehabilitation combined
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with wearable devices, show equivalent or
superior outcomes in pain, function, and HRQolL,
corroborating the umbrella review by Bargeri et al.
[3] and the RCT by Hayashi et al. [4]. Notably, these
studies also report consistent cost savings,
emphasizing that economic evaluation must
accompany clinical assessment to support
sustainable implementation [7].

4.2. Persistent research gaps

Despite these successes, critical gaps remain. Most
HTA studies continue to prioritize technical
performance over definitive patient outcomes, a
concern also highlighted by Ferrante di Ruffano et
al. [9] and Pisapia et al. [12]. Additionally, the
integration of Patient-Reported Experience
Measures (PREMs) remains limited, reducing the
comprehensiveness of patient-centered
evaluations. Economic assessments frequently
neglect sex and gender differences, as emphasized
by Mchenga et al. [5] and Hartig et al. [6],
potentially leading to inequities in resource
allocation and clinical applicability. The Asia-Pacific
(APAC) context introduces additional challenges.
HTA implementation maturity is heterogeneous,
with disparities in methodological rigor, real-world
evidence (RWE) utilization, and regional
collaboration [7, 8, 10, 11]. Studies by Sarin et al.
[10] and Setia et al. [12] highlight technical and
institutional barriers in integrating RWD for HTA,
underscoring the need for standardized data
infrastructure and regional networks like
HTAsialLink [11].

4.3. Implications for future HTA practice

To enhance the scientific and practical value of HTA
in MSK care, future research should:

Shift focus toward patient-centered outcomes:
Prospective studies linking technical adoption
(e.g., EOSedge, telemedicine) to long-term clinical
outcomes are essential [1, 3, 4].

Strengthen methodological rigor: Incorporation
of PREMs, robust economic modeling, and
multicenter validation will improve reliability and
generalizability [3, 9].

Integrate equity analyses: Systematic inclusion of
sex, gender, and intersectional factors will
enhance ethical and clinical relevance [5, 6].

Promote RWE and regional collaboration:
Leveraging integrated health databases and
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networks, such as HTAsialink, can improve
transparency, standardization, and timely policy
impact[7, 8, 10].

In summary, while HTA has demonstrated clear
benefits in guiding safe and cost-effective adoption
of MSK technologies, addressing methodological,
equity, and implementation gaps is crucial to
maximize its global impact and scientific rigor.

5.DISCUSSION

Health Technology Assessment (HTA) plays a
pivotal role in structuring evidence-based
decisions in musculoskeletal (MSK) care, extending
beyond cost and technical metrics to encompass
patient outcomes, safety, and equity [1, 9].
Advanced imaging technologies, such as
EOSedge™, demonstrate substantial dose re-
duction without compromising image quality,
supporting safer clinical adoption [1, 2].
Telemedicine and digital health interventions show
comparable or superior outcomes in Patient-Reported

Outcome Measures (PROMs) and cost-effectiveness,
reinforcing the value of integrating real-world evidence
(RWE) into assessments [3, 4, 10, 11]. Despite these
achievements, persistent gaps remain, particularly in
incorporating Patient-Reported Experience Measures
(PREMs), sex and gender considerations, and
standardized economic evaluations [5, 6]. Future
research should focus on linking HTA evaluations to
long-term patient outcomes, enhancing metho-
dological rigor, embedding equity-focused analyses,
and promoting regional collaboration through
networks such as HTAsialink [7, 8]. Addressing these
gaps will strengthen the scientific foundation of MSK
HTA and support more effective, patient-centered
healthcare decision-making.
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DPanh gia cong nghé y té co’ xwong khdp: Cac phwong phap

mdi, thanh twu 13m sang va khoang trong nghién ciru
Nguyén Hitu Vinh

TOMTAT

Ddt véin dé: Bdnh gid céng nghé y té (Health Technology Assessment - HTA) I quy trinh ¢é hé théng, giit vai
tro trong yéu trong phdn bé ngudn lyc dwa trén bdng chirng, gitip ddnh gid todn dién ddc tinh va tdc déng
cta céng nghé y té'trong béi cdnh st dung thuee té. HTA hé tro quan trong cho quyét dinh Iém sang va quén
ly bénh vién, ddc biét trong linh vurc co xwong khdp (Musculoskeletal - MSK), nhdm dém béo can thiép phu
hop, hiéu qué va tiét kiém chi phi. Phwong phdp: Bai téng quan st dung mé hinh EUnetHTA Core Model®
phién ban 3.0 dé chuén héa ddnh gid trén chin linh vire, déng thdi xem xét cdc phwong phdp HTA nhanh va
thay thé. Dt liéu duwoc téng hop tir cdc nghién ciru vé céng nghé chén dodn tién tién (vi du: EOSedge™) va
cdccanthiép y té'sé (telemedicine). Két qua: HTA thuc ddy trng dung cdng nghé an toan va hiéu qud hon. Hé
théng EOSedge gitp gidm 3 - 6 lan liéu tia trong chup c6t séng ma vén duy tri chdt lwong hinh énh.
Telemedicine cho thdy hiéu qud twong duong hodic cao hon chdm séc truyén théng theo PROMSs va giup
gidm chi phi ddng ké. Thdo ludn: Khodng tréng nghién ctru van tép trung vao ndng luc k§ thudt thay vi két
quad ngudi bénh. Chét lwong phuwong phdp trong HTA y té sé con thdp, thiéu tich hop thang do tréi nghiém
ngudi bénh (PREMSs) va phédn tich gidi tinh, dnh hwdng dén tinh céng béng va dé tin cdy. Két luén: HTA giup
clu tric hda quyét dinh y té virot ra khdi cdc yéu té chi phiva ky thudt. Cdc nghién ctru twvong lai cdn cliing c6
béng chirng vé tdc déng dai han déi vdi ngudi bénh, ndng cao chét lugng phuong phdp ludn va tich hop
yéu té cong bang.

Tirkhéa: HTA, co xwong khdp, két qua ngurdi bénh
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