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Abstract

Background Radiological reporting in Ukraine remains predominantly free-text, with no nationally
mandated structure or obligatory terminology. No Slavic language currently has a complete localization of
RadLex, the Radiological Society of North America (RSNA) reference ontology of radiology terminology.
The absence of a standardized Ukrainian vocabulary impedes structured reporting, cross-institutional data
retrieval, clinical natural language processing, and alignment with emerging European Health Data Space
interoperability requirements.

Methods RadlLexUA was constructed through a systematic translation pipeline producing Ukrainian
preferred names for 46,846 RadLex concepts and translated definitions for 3,840 of them, validated against
a corpus of approximately 49,000 anonymized computed tomography, magnetic resonance imaging,
ultrasound, and X-ray reports. A ten-stage natural language processing pipeline was developed
encompassing anonymization, lemmatization, dictionary-based named entity recognition, fuzzy and
semantic matching, and human-in-the-loop validation, anchoring annotations to RadLex Identifiers (RIDs).

Results The resource produced Ukrainian preferred names for 99.9% of RadlLex concepts (46,801 of
46,846 automatically translated, 45 flagged for manual rendering). Corpus validation documented
substantial lexical variability, with multiple clinically near-equivalent Ukrainian surface forms mapping to
single RIDs. Eleven entries (0.29% of definitions) have received formal human sign-off by a reviewer with
a radiology background; the remainder are at beta quality. The pipeline emits HL7 FHIR Observation
resources keyed on RIDs, enabling downstream structured reporting and cohort retrieval.

Conclusion RadLexUA demonstrates that a usable technical substrate for Ukrainian radiology terminology
standardization can be assembled without institutional infrastructure. However, the distance between a
translated ontology and a clinically adopted standard is primarily institutional rather than technical. Without
a host institution, a sustained reviewer workforce, and regulatory recognition, the resource risks remaining
an academic artifact rather than a clinical tool.
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output—the radiological report—is simultaneously its
1. Introduction most clinically valuable artifact and its weakest data
Radiology is among the most data-intensive POINt. A free-text report authored by an individual
specialties in modern medicine, and its written radiologistis a strong piece of medical communication
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and a poor row in a database. Two decades of work
on radiology informatics have converged on a single
practical conclusion: to transform reports into
structured, queryable, machine-actionable data, a
shared, machine-readable vocabulary is required.
RadLex, developed and maintained by the
Radiological Society of North America (RSNA) since
2006, has become the de facto reference for that
vocabulary in the English-speaking world [1,2,3].

For Ukraine, none of this infrastructure is currently
usable. Ukrainian radiology reporting is
overwhelmingly free-text, with no nationally mandated
structure, no obligatory terminology, and no Ukrainian
localization of any major radiology ontology. The
country is not a member of SNOMED International;
only ICD-10 for administrative coding and a partial
LOINC-UA exist as recognized terminological
resources [4]. No Slavic language currently has a
completed localization of RadLex. The result is that
even when reports become digital, they remain
semantically opaque: the same finding may be written
in multiple orthographic, morphological, and
terminological variants within the same institution.

This paper describes RadLexUA, an unfunded,
bottom-up initiative that has produced Ukrainian
preferred names for 46,846 RadlLex concepts and
translated definitions for 3,840 of them, validated
against a corpus of approximately 49,000 anonymized
reports. We make four contributions: (1) a grassroots-
built Ukrainian RadLex layer; (2) an empirical account
of Ukrainian radiological lexical variability; (3) a
reproducible natural language processing pipeline that
anchors annotations to RadLex Identifiers and emits
HL7 FHIR Observation resources; and (4) an honest
assessment of the gap between a translated ontology
and a clinically adopted standard.

2. Background

2.1 The RSNA RadLex ecosystem

RadLex does not stand alone within the RSNA
ecosystem. It is consumed by RadReport (structured
reporting templates), by RadElement (common data
elements), and by the LOINC/RSNA Radiology
Playbook for procedure ordering. Outside RSNA,
RadLex is embedded into DICOM Structured
Reporting and surfaced through HL7 FHIR
Observation resources, allowing structured findings to
travel with images into the electronic health record
[1,5]. For semantic interoperability in radiology,
RadLex is one of four complementary resources
alongside LOINC, SNOMED CT, and ICD [3,6].

2.2 Localization precedents
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The closest precedent is the German Deutsche
Rontgengesellschaft (DRG) translation,  which
reviewed 6,240 of 6,303 terms (99%) by subspecialty
working groups before integration into RSNA RadLex
[12,13]. Spanish and Portuguese localizations exist in
partial form but have not been completed under any
single institutional umbrella. East Asian radiology
societies have generally preferred parallel native
nomenclatures over translations of RadLex. No Slavic-
language localization has previously been attempted.

2.3 Ukrainian-specific challenges

Three structural factors compound the standard
difficulty of any clinical ontology localization in
Ukrainian. First, the natural development of Ukrainian
scientific terminology was disrupted in the 1930s and
only partially resumed after 1991, leaving a clinical
lexicon in which authentic Ukrainian forms, Russified
calques, and Latin survivors coexist in the same
sentence [7]. Second, Ukrainian is a heavily inflected
language with seven cases and grammatical gender;
surface matching is impossible without lemmatization.
Third, Ukrainian radiological reports use extensive
abbreviation and informal shorthand that no normative
dictionary would prescribe but that clinical practice has
established.

3. Lexical variability in Ukrainian
radiology

Corpus validation documented substantial lexical
variability. The most instructive example is the
BorHuwe / ocepegok /  yuwinbHeHHs  family,

corresponding to the English RadLex concepts focus
(RID34301), focal lesion, and consolidation/opacity
(RID43255). BorHuwe (literally “hearth”) is the most
frequent lexeme for a discrete pathological focus,
especially in neuroimaging. Ocepegok (literally
“center, core”) is a near-synonym preferred by some
schools, especially in pulmonology and abdominal
imaging. YuwinbHeHHsa (consolidation, densification)
names not the focus itself but its imaging signature.
These three forms are not interchangeable in every
clinical context but are routinely interchanged in
practice.

The same pattern recurs at the anatomical level (e.g.,
niBun wnyHoyok / JIW / n. wnyHoyok / ventriculus
sinister for “left ventricle”) and at the procedural level
(e.g., KT opraniB rpygHoi knitkm / KT OFK /
Komm'toTepHa Tomorpacpis nereHb for “chest CT”, all
clinically covered by chest CT in the LOINC/RSNA
Playbook). Table 1 aggregates representative
families. Each row is a single RID with multiple
Ukrainian surface forms in our corpus.
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Table 1. Representative families of Ukrainian surface forms
collapsing to a single RadLex Identifier (RID). Forms listed
are observed in the RadLexUA validation corpus.

RID English Observed Ukrainian
(RadLex) forms

RID1392 | left ventricle niBui wnyHoyok; JL; n.
LUAYHOYOK; ventriculus
sinister

RID58 liver neviHka (and inflected
forms neviHku, neviHui)

RID34301 | focus BOrHULLE; Ocepenok;
BOTHULLEBE YPaXXEHHSI

RID43255 | consolidation YLWiNbHEHHS1; KoHconiaauis;
iHbinbTpauia (context-
dependent)

RID431 retroperitoneum | 3aocHepeBUHHUI MPOCTIp;
3/0 npocTip;
peTponepuUTOHeanbHUN
npocTip

RID10321 | chest CT KT opraHiB rpyaHOT KNiTKu;

KT OrK; komn'totepHa
ToMorpadisi nereHb

3.1 Why this variability is the actual problem
In English, RadLex absorbs synonymy via its altLabel
layer and the surface text is constrained by relatively
rigid editing conventions. In Ukrainian, several of the
variants above are not editing artifacts but competing
standards promoted by different schools and
universities. Any localization is therefore forced into a
normative choice that some part of the community will
dispute. RadLexUA addresses this by keeping all three
forms (BorHuLLe, ocepenok, yLlinbHeHHs) as legitimate
surface anchors and forcing the disambiguation to
occur at annotation time through human-in-the-loop
review, rather than imposing a single preferred form at
the vocabulary level.

4. The RadLexUA resource

4.1 Translation and scope

Of the 46,846 English preferred names in RadLex,
46,801 (99.9%) were translated automatically using
large language models with a constrained glossary
derived from Terminologia Anatomica, the Ukrainian
anatomical literature, and the LOINC-UA v2.81 partial
localization. The remaining 45 names had no
defensible mechanical rendering and were flagged for
manual translation by subspecialty reviewers. Of the
3,840 English definitions, all were machine-translated
and queued for review. As of the time of writing, only
11 entries (0.29%) carry a sign-off by a human
reviewer with a radiology background. This is a
deliberate disclosure: the resource is at beta quality as
a vocabulary and at pre-clinical quality as a standard.
The number 11 is small for a reason: there is no
institutional review pipeline.
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4.2 Distribution and licensing

RadLex is released by RSNA under CC BY 4.0, which
permits redistribution including derivative works such
as translations. RadLexUA is distributed under the
same licence in three formats: the original OWL
ontology with Ukrainian prefLabel/definition fields
added, a flat CSV indexed by RID for downstream
tooling, and a JSON dump intended for direct ingestion
by lightweight matchers. Each row preserves the
upstream RID, allowing round-tripping with the
canonical RSNA release and clean upgrades when
RSNA publishes a new version [17].

4.3 Validation corpus

A corpus of approximately 49,000 anonymized
radiological reports (CT, MRI, ultrasound, X-ray)
collected from collaborating clinicians forms the
empirical validation layer. Reports were anonymized in
three stages: (i) regular expression sweeps for names,
dates, identifiers, and addresses; (ii) a local Llama 3.1
model running under Ollama for residual personally
identifying information; (iii) manual verification on a 5%
or greater sample, targeting 98% or greater recall on
direct identifiers. The legal basis for processing is
Ukrainian Law No. 2297-VI, Article 6(9), which
exempts properly anonymized data from the informed-
consent regime. The Microsoft Presidio toolkit was
additionally employed for cross-checking sensitive
entity detection. The corpus is currently held privately
for legal reasons; a derivative, fully anonymized
release of terminological surface forms only (i.e.
counts of BorHuLe vs. ocepenok without report text) is
under preparation.

5. Pipeline: from reports to RID-anchored
annotations

The pipeline transforms raw reports into RadLex-
anchored annotations through ten sequential stages,
each emitting a machine-readable artifact. Stage 1
(Ingestion) processes .docx, .pdf, and scanned PDF
files using python-docx, pdfplumber, pymupdf, and
Tesseract with the Ukrainian language pack. Stage 2
(Anonymization) applies the three-stage protocol
described in Section 4.3. Stage 3 (Sentence and
section segmentation) heuristically splits reports into
Indication, Technique, Findings, and Conclusion when
section markers are present. Stage 4 (Tokenization
and lemmatization) uses Stanza with the Ukrainian
model and pymorphy2 as a fallback for medical
morphology. Stage 5 (Abbreviation expansion)
applies a curated mapping table (~300 entries for the
most common Ukrainian radiological abbreviations).

Stage 6 (Dictionary NER against RadLexUA) loads
approximately 46,600 active entries  after
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deduplication into an Aho—Corasick automaton over
lemmas, producing candidate spans with their RIDs.
Stage 7 (Tiered matching) scores each candidate as
exact match (confidence 0.95-1.00), fuzzy match via
Levenshtein on lemmas (0.70-0.94), semantic match
via cosine similarity over multilingual sentence
embeddings with a 0.85 or greater cutoff (0.60-0.85),
or large language model suggested for residuals.
Stage 8 (Negation and uncertainty scoping) applies
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cue-based detection of Ukrainian negation patterns
(He BM3Ha4vaeTbcH, BiACyTHsi, ©6e3 o3Hak). Stage 9
(Human-in-the-loop validation) presents top-
frequency unresolved or low-confidence matches to
volunteer radiologists via a Telegram-based reviewer
interface. Stage 10 (Export) produces HL7 FHIR
Observation resources keyed on RIDs, plus an internal
CSV for analytics.

Listing 1. Minimal FHIR Observation emitted for the Ukrainian sentence «Y S6 npaBoi nereHi Bu3Ha4aeTbCsi BOrHULLE

YLWifbHEHHSA po3mipamu 8 MM».

1

2 "resourceType": "Observation",
3] "status": "final",

4 "code": {

5 "coding": [

6 {"system": "http://radlex.org",
7 "code": "RID34301",

8 "display":"focus"}

10 )

11 "bodySite": {

12 "coding": [

13 {"system": "http://radlex.org",

14 "code": "RID1301",

15 "display":"lung"}

16

17 %

18 "valueQuantity": {

19 "value": 8, "unit": "mm",

%gl) "system": "http://unitsofmeasure.org", "code": "mm"

22 "interpretation": [

%3 ] {"text": "consolidation (RID43255)"}
4

25 }

6. Enabled capabilities

If RadLexUA achieves clinical adoption, the immediate
technical capabilities include: cross-institutional cohort
retrieval through RID-keyed queries rather than fragile
regular-expression-keyed queries; a substrate for
trainable Ukrainian clinical NLP where prior work has
been hampered by the absence of a domain-specific
lexicon [8]; standardized teleradiology consultation for
Ukrainian diaspora radiologists consulting colleagues
remotely [18]; alignment with European Health Data
Space and OECD reporting commitments [9]; and
structured reporting, which the literature consistently
demonstrates raises the completeness of key clinical
details from 11-84% to 94-100% across studied
domains [10,11]. The FHIR Observation export
(Listing 1) enables interoperability with any FHIR-
capable electronic health record without vendor-
specific integration work.

7. Risks and limitations

Several risks warrant frank acknowledgement. First,
translation without clinical sign-off is not a standard;
eleven reviewed entries out of 46,846 is not a clinical
vocabulary but a translation candidate. We publish the
resource because an imperfect but reusable starting

point is more useful than a perfect one that does not
yet exist; we do so with a clear quality label (beta).
Second, vocabulary drift: RadlLex itself is updated
regularly by RSNA, and a static translation snapshot
will go out of date unless a maintenance mechanism
is established. Third, linguistic indeterminacy: the
BOrHuwe / ocepepok question is not a translation
question but a normative question about what
Ukrainian radiology should say—a question that a
single researcher cannot settle. Fourth, privacy and
legal exposure: the corpus is anonymized under
Ukrainian Law No. 2297-VI, but the legal frame for
releasing the underlying corpus is unsettled. Fifth, the
eHealth (eZdorov'ya) platform, while covering 36
million patients and 1.6 billion records [4,14], treats
radiology as its least integrated specialty—radiology is
the weakest link in Ukraine’s otherwise rapidly
digitizing health information infrastructure.

8. The institutional gap, stated plainly

The single highest-leverage failure mode of this project
is also its most probable. RadLexUA is currently
paper-grade: it can be cited, it can be reviewed, it can
be extended by other researchers. It is not yet system-
grade: no Ukrainian PACS speaks it, no Ukrainian
hospital is required to use it, no Ukrainian PhD
program teaches it as canonical. There is a real and
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non-negligible probability that this paper itself will
become the project's most durable artifact—an
academic paper about a resource that remains an
academic paper. Stating that openly is the point of this
section.

To move from paper to system, RadLexUA requires:
(1) a host institution, plausibly the Ukrainian Society of
Radiologists and Roentgenologists (UTRR) or a
coalition of medical universities; (2) a sustained
reviewer workforce of approximately 20-30
subspecialty radiologists for 18-24 months; (3) a
regulatory anchor, plausibly a Ministry of Health
recommendation tying structured radiology reports to
a defined terminology baseline; and (4) at least one
PACS vendor willing to integrate the resource as a
proof of concept. The German DRG experience is
unambiguous: the technical layer matters, but the
scaling layer is institutional [12].

Wartime constraints compound this gap. The
Ukrainian healthcare system operates under
sustained emergency conditions. Medical informatics
is important but not a top priority for state funding.
Skilled reviewers have emigrated. Both the supply side
(review labour) and the demand side (institutional
procurement) are degraded. These constraints are not
excuses but structural realities that any adoption
pathway must acknowledge.

9. Roadmap

We summarize the roadmap by horizon. Each step is
gated by a clearly identifiable institutional partner or
funding instrument; without one, the step does not
start.

9.1 Short term (0—18 months): foundation
Open-access publication of RadLexUA on a
recognized portal (NCBO BioPortal or equivalent)
under CC BY 4.0; a volunteer pilot with 10-20
subspecialty radiologists; preliminary outreach to
UTRR and the Ministry of Health; and submission of
the resource to RSNA as a candidate localization layer
[17].

9.2 Mid-term (18-48 months): integration

A documented REST API for RID lookup; proof-of-
concept PACS/RIS integration with at least one
Ukrainian vendor; Ukrainian-language structured-
report templates for high-volume studies (chest CT,
abdominal CT, brain MRI); inclusion of RadLexUA in
residency informatics curricula at participating
universities; and expansion of the validation corpus to
100,000+ reports.

9.3 Long term (48+ months): adoption
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Embedding of RadLexUA-based terminology in
Ministry of Health guidance; alignment with the
European Health Data Space [15,16], ICD-11
implementation, and the ongoing OECD health data
harmonization agenda [9]; coordinated expansion to
neighbouring terminological resources (SNOMED CT
Ukrainian, LOINC-UA completion); and longitudinal
tracking of structured-reporting adoption rates across
Ukrainian hospital networks.

10. Related work

For Ukrainian medical NLP specifically, the only
comparable corpus-level work is UKRMED [8], which
collects clinical protocols, medical blogs, and
Wikipedia articles in Ukrainian but is not specialized to
radiology and is not aligned to an ontology. Bressem
et al. [18] demonstrated high-accuracy classification of
chest radiograph reports using deep learning NLP for
German-language structured reporting, illustrating the
gains achievable once a shared vocabulary exists.
Casey et al. [21] provided a systematic review of NLP
applied to radiology reports in English, confirming that
terminology-anchored extraction outperforms purely
statistical models. Pinto dos Santos et al. [11]
confirmed, in a systematic review, that structured
reporting raises completeness of key clinical details to
94-100% across studied domains. The ESR 2023
update [10] established the European consensus
position on structured reporting infrastructure,
including the role of standardized vocabularies like
RadLex. Marquis et al. [19] recently piloted RadLex—
SNOMED CT integration for standardizing radiology
classification in Estonia, another small European
health system building interoperability infrastructure
from limited resources.

11. Conclusion

RadLexUA demonstrates that a usable Ukrainian
RadLex layer can be assembled without a host
institution: 46,846 preferred names, 3,840 definitions,
validation against approximately 49,000 anonymized
reports, an NLP pipeline that anchors annotations to
RadLex Identifiers and emits HL7 FHIR Observation
resources, and distribution under CC BY 4.0. It also
demonstrates that the limits of such a project are not
technical. Without an institutional owner, a sustained
review workforce, and at least light-touch regulatory
recognition, RadLexUA will remain what every
grassroots standard fears becoming: a well-
documented, well-cited, unimplemented good idea.
The Ukrainian radiological lexicon is already rich, and
that richness is a strength once it is anchored.
Anchoring is the work that remains.
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Abbreviations

CC BY 4.0 — Creative Commons Attribution 4.0
International License

CSV — Comma-Separated Values

CT — Computed Tomography

DICOM — Digital Imaging and Communications in
Medicine

DRG — Deutsche Rontgengesellschaft (German
Radiological Society)

EHDS — European Health Data Space

FHIR — Fast Healthcare Interoperability Resources
HL7 — Health Level Seven International

ICD — International Classification of Diseases
JSON — JavaScript Object Notation

LOINC — Logical Observation Identifiers Names and
Codes

MRI — Magnetic Resonance Imaging
NER — Named Entity Recognition
NLP — Natural Language Processing
OWL — Web Ontology Language

PACS — Picture Archiving and Communication
System

RadLex — Radiology Lexicon

RID — RadLex Identifier

RIS — Radiology Information System

RSNA — Radiological Society of North America

SNOMED CT — Systematized Nomenclature of
Medicine — Clinical Terms

UTRR — Ukrainian Society of Radiologists and
Roentgenologists

WHO — World Health Organization
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