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Problem:

Poor performance of medical text retrieval in
morphologically rich languages*®

*most languages other than English



Linguistic Phenomena hamper
Medical Text Retrieval

= Word formation
(inflection, derivation, composition):

ulcus, ulcera, diagnosis, diagnoses, diagnostic, hepar, hepatic,
paralsympath|ectomy, proct| o|sigmoid|o|scoplie,
Rechts|herz|insuffizienz

m Synonymy, spelling variants
{oesophagus, esophagus}, {leuko, leuco}, {Magenulcus, Magenulkus},
{cutis, skin}, {hemorrhage, bleeding}, {ascorbic, Vitamin C},
{ancylostoma, hookworm}

= Multiple meanings:

Cold {low temperature, common cold}, Bruch {fracture, hernia}, APA
{antiperoxidase antibodies, american psychology association}



Example

m Frequency of German Word forms in Google Searches

Spelling Variants
Synonyms

Kolonkarzinom

Colonkarzinom
Coloncarcinom
Colon-Ca
Kolon-Ca
Dickdarmkrebs
Dickdarmkarzinom
Dickdarmcarcinom

Number of Hits

2070

248
111
203
66
4000
288
13

1780

135
73
169
46
3610
175
10

Inflections

Kolonkarzinom

Kolonkarzinoms
Kolonkarzinome
Kolonkarzinomen

2070

471
275
265

1770

253
139
166

Number of exclusive hits (no other form matches)

Derivations

Karzinom

karzinomatos
karzinomatdsen
karzinomatdse
karzinomatésem
kazinomatdses
karzinomatoser

17000

43
86
74
7
6
39

16900

16
40
46
5
0
26



Hypothesis:

Improving Text Retrieval Performance using
Linguistic Techniques



Subword as Index Terms
for Text Retrieval

m Subwords are atomic linguistic sense units :
s Morphemes: nephr, anti, thyr, scler, hepat, cardi

m Morpheme aggregates: diaphys, ascorb, anabol,
diagnost

m Words: amyloid, bone, fever, liver
= (houn groups: vitamin c,...)

m Criterion: well-defined, non-decomposable medical
concepts

m Grouping of synonymous subwords:
kkyxkj = {nephr, kidney, nier, ren},
gxkjkq ={hepar, hepat, liver},



Resources

m Subword lexicons:
Organize and classify subwords, prefixes
and suffixes In several languages

m Subword thesaurus: Groups synonymous
lexicon entries, links ,similar® groups

m Morphosyntactic parser: extracts subwords
from text

Cf. Schulz et. al. MEDINFO 2001
Yearbook of Medical Informatics ‘02



Examples of Subword Extraction

m Examples:
m proct osigm oid o scop y
m Schilddrus en karzin om
m cole cist ectom ia
m acro cefal o sindattil 1a
m Sport verletz ung en Ccicat

m hor sel s hemm ed e subwords
(used for

morchid o pex ie indexing)
_ W Functional
m Magen schleimhaut entzund ung{ morphemes }
(not used for
indexing)




Experiment:

Does Subword-based medical text retrieval
behave better than conventional methods ?

(formative evaluation - work in progress)



Retrieval Experiments:
Sources

m German version of the "Merck Manual” (medical
textbook composed of 5,500 articles)

m 25 randomly chosen expert queries from medical
students (German)

m 27 randomly chosen layman queries from the
medical search engine “Dr. Antonius”

m Gold Standard:
Three medical students did manual relevance
assessment (52 * 5,500 binary relevance
judgements)



Retrieval Experiments:

m Salton’s Vector Space Retrieval Engine (produces ranked
output)

m Proximity boost (proximity of query terms in documents
matters for document ranking)

m Jests:
m Test 1 (plain): Token Search. Baseline

m Test 2 (segm): Morphological Segmentation

m Test 3 (norm):  Morphological Segmentation and Synonym
Expansion.

For all tests:

m Orthographic normalization preprocessing
(e.g.ca > ka,ci > zi,a > ae, ...)



Token-based Indexing

<} AG Gastroenterologie - Microsoft Internet Explorer

| abdominalchirurgischen
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Subword Indexing
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Subword - Indexing with
Semantic Normalization

<} AG Gastroenterologie - Microsoft Internet Explorer qquky z zquk
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Presentation of Results

Precision / Recall Diagrams

For each query:
Interpolation of precision
value at fixed recall levels
(0%, 10%,..., 100%)

Arithmetic mean of
precision values at each
recall level

re
100 7

80 7
70 7
60 7

50 7

30 7
20 7

10 7

cision

1C

20

30

4(

50

6C

70

8C

90

10

recall



Retrieval Experiments: Results

precision precision
100 100
25 German language expert queries, 27 German language layman queries,
90 N = 200 top ranked documents 90 N = 200 top ranked documents
80 80
70 70
60 60
50 50
40 - 40 -
30 30
20 20
10 10
0 I I I I I I I I I | 0 I I I I I I I I I 1
O 10 20 30 40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
recall recall

m Test 1: Token Search (“plain”). Baseline
m Test 2: Morphological Segmentation (’segm”)
m Test 3: Morphological Segmentation and Synonym Expansion. (’norm”).



Significance Judgements

Frecision %)

Fecall plain | seqin | honm | piain seqin honm | plaln | seqim | o
(%) sxpert gueries n=25% | layman queries n=27 all queries n=52
0 cOosl  B73 647 591 80.3 81.0 600 740 V3.2
10 98 BO3 B0D3 527 B0 Bl16 558 623 610
20 A3 6 508 503 3672 83.6 529 421 523 517
A0 Ara0 des 4L 214 451 445 345 458 45.1
A0 2900 373 320 314 41.0 407 203 292 365
sl o0 A2 283 207 B8 38 287 358 327
G 201 20 2003 296 24 353 220 297 281
filb 11.1 199 157 258 dah o 292 187 244 227
a0 9. 1420 103 185 26 253 140 198 181
Q0 4.7 9.2 2.3 14.8 197 2080 99 147 146
100 4 4 8.3 76 A7 1.5 127 40 10.0 102
110t avrd. 24 1 239 312 295 A0.0 400 269 A70 3%E8

a < 0.05 (Wilcoxon test)




Discussion:

Do the results justify the effort ?



Discussion

Work in progress

Coverage of Subword dictionary (core vocabulary of clinical
medicine (excl. proper names, acronyms) for German,
English, Portuguese, ~ 17,000 entries). Target: 30,000
entries

Linking subwords by synonymy relations adds noise to the
system: more cautious use of synonymy relation

Noise due to the erroneous extraction of medical subwords
from non-medical terms and proper names: inclusion in
dictionary



Outlook

m Data-driven improvement of lexicons, thesaurus
word grammar, algorithms, disambiguation
heuristics

m Automated acquisition of abbreviations and
acronyms (WWW)

m Semi-Automated acquisition of proper names

m Linkage to (MeSH): concept hierarchies,
synonyms at the level of noun groups

m Evaluation of monolingual retrieval for Portuguese

m Evaluation of cross-lingual retrieval
(German - English, English - Portuguese)






Evaluation of Text Retrieval
Systems

Query X
Il

precision = 679 document 05

document 16

recall = 25% document 21

m Target variables:

n found+relevantDocuments

N

precision =

found _documents

n found-+relevant _documents

n

recall =

relevant _documents

m Precision/Recall-Diagrams

with ranked output
Example: 25 documents, 8 relevant

document 22
document 02
document 25
document 20
document 10
document 07
document 18
document 04
document 12
document 11
document 24
document 15
document 09
document 17
document 08
document 19
document 13
document 03
document 14
document 23
document 01
document 06




Evaluation of Text Retrieval
Systems

Query X
Il
§ precision = 60% cocument0s
_ o, document 16
o recall = 38% document 21
80 document 22
. document 02 |
LN document 25
60 @

document 20
document 10
40 document 07
document 18
document 04

Precision (%)
ol
o

20 document 12
10 document 11
0 document 24

0 10 20 30 40 50 60 70 80 90 100 document 15

Recall (%)
document 09

m Precision/Recall-Diagrams document o8
with ranked output document 03
Example: 25 documents, 8 relevant e

document 01
document 06



Evaluation of Text Retrieval

Query X
Il

Systems
5704 document 05

. precision
document 16
o recall = 50% document 21

80 document 22
document 02
[ g document 25
document 20

document 10
40 document 07
document 18
document 04

Precision (%)
ol
o

20 document 12
10 document 11
0 document 24

0 10 20 30 40 50 60 70 80 90 100 document 15

Recall (%)
document 09

m Precision/Recall-Diagrams document o8
with ranked output document 03
Example: 25 documents, 8 relevant e

document 01
document 06



Evaluation of Text Retrieval

Query X
Il

Systems
5504 document 05

. precision
document 16
o recall = 63% document 21

. document 22
document 02
- document 25
document 20
document 10
. document 07
document 18
document 04
2 document 12
N document 11
document 24
0 10 20 30 40 Recaslcl) o 60 70 80 ) 100 document 15
document 09

Precision (%)
ol
o

m Precision/Recall-Diagrams document o8
with ranked output document 03
Example: 25 documents, 8 relevant e

document 01
document 06




Evaluation of Text Retrieval

Query X
Il

Systems
5494 document 05

recision
10 p document 16
o recall = 13% document 21

. document 22
document 02
o document 25
document 20
document 10
40 document 07
document 18
document 04

Precision (%)
ol
o

20 document 12

10 document 11

document 24

0 10 20 30 40 50 60 70 80 ) 100 dOCU ment 15
Recall (%)

document 09

m Precision/Recall-Diagrams document o8
with ranked output document 03
Example: 25 documents, 8 relevant e

document 01
document 06



Documents

Pre-
proces-
sing

Normalized
Documents

Acronym
Lexicon:

maps Acronyms

to corresponding

words/phrases

Subword Lexicon:
list of subwords with
attributes (type,
language, etc.)

iéastri

{stomach}
{estomag}

{ventric}
{chamber}

{hepat}
{hepar}
{liver}

Subword Thesaurus:

groups equivalent
subwords, links  similar
groups

BJJK :D
AABG Similarity
D not transitive,
reflexive
HHKB
AHHF : >

FBFJ

e

v

Normalized
Query

Extended System Architecture

Free
Text
Indexing
and
Retrieval
System

Relevant
Documents
(ranked




Tool:
Subword Editor & Workbench

. morpheme thesaurus construction tool [C:ADokumenteimck neu 008\thestemplate1909200... [E=] B3
File Momphemes Thesauus 7

Lexem A Type ‘weight Lang Lexem B Type ‘weight Lang

bd 1 3 1 bell 1 3 2
Ia omen | I I SIM I elly I I I

editing tool for

: = | e T —
. E - abdomin -
subword lexicon me Sy EM ] [abazens el T
abdomin " Match abdukt " Match
abduzens = | = | [sble
and th esaurus abduz [ left truncation aber ¥ left truncation
ahel EQ arthropod
abem artifizial :
ahitall — 1| |jke Sart / Filker B |
abfluzz | artikul
. abfuehr bl 2 arytaen
aboelsitet = apten j
Pleaze enter text here: abhaeng St dug
EqClass A |4 B abdomen ;I EqClass B |52|]5 N
abdamen ? | belly abdom,an
abdariin abdarmin

unterleib

4 [ bauch LI

unterleib

340

Seamented text:
ABDOMIMN -al PAIN

Morphemes: 9462  EqClaszes: 9064  SIM-Rel. 6604 Compactness fimdc] .73 Met Densitp firdc] 1.04

testbed for
segmentation

".f-\ctive Language

" Geman {* English [b Update gepgd;fn: Segment I:‘ Close |




The Subword Approach (Il)

m Language-specific algorithms for extraction of subwords
from (medical) texts

m Multilingual subword repositories

m Criteria for subword delimitation and classification

m Semantic (compositionality)
Hyper | cholesterol | emia
m Lexical (enabling synonym matching)

schleimhaut = mucosa (Wut)

m Data-driven (avoiding ambiguities and false segmentation), e.g.

relationship, Schwangerschaft (Mp, ScWhaﬁ)



Disfuncéo tireoideana perinatal

As doencas datiredide acometem 10% das mulheres, mas a maioria
das pacientes responde bem ao tratamento.

Perinatal Thyroid Dysfunction

Thyroid gland diseases affect 10% of women, but most patients
respond well to treatment.

Durante a gestacdo, mudancas metabdlicas podem oculta]
patologia, com risco de dano fetal devido a conduta inaprg
exames de TSH, tiroxina livre e triiodotironina livre s&o ess

Original text (D)

, metabolic changes can hide the presence of the
risk of fetal damage due to inappropriate handling.
I'SH, free T4 and T3 are indispensable.

Geralmente, a presenca de valores elevados de TSH sugere o diagndstico
de hipotireoidismo primario, enquanto niveis suprimidos de TSH sugerem
hipertireoidismo. Este Ultimo costuma manifestar-se através de baocio,
oftalmopatia, fraqueza muscular, taquicardia ou perda de peso.

DIS FUNCAO TIREOID e ana PERI
NATAL

as DOENCA s da TIREOID e ACOMET em 10% das MULHER es MAS a

Generally, high TSH values suggest the diagnosis of primary
hypothyroidism while a suppressed TSH level suggests hyperthyroidism.
Typical manifestations of the latter are goiter, ophtalmopathy, muscular
weakness, tachycardy, or weight loss

PERI NATAL THYROID DYS FUNCTION

THYROID GLAND DISEAS es AFFECT 10% of WOMEN BUT MOST

MAIOR ia das PACIENT es RESPOND e BEM ao TRATAMENT o
DURANTE a GESTAC ao MUDANCA s METABOL ic ag
ar a PRESENC a da PATOLOG ia COM RISC o de DAN
a CONDUT a in APROPRIAD a. os EXAME s de “TSH”,

Segmented text

DATIEMT o DECDAND WELL to TREATMENT

cy METABOL ic CHANGE s CAN HIDE the
ISORDER WITH the RISK of FETAL DAMAGE DUE
e HANDL ing. MEASURE ment of “TSH”, FREE “T4”

e TRI IODO TIRONIN a LIVR e sao ESSENCI ais
GERAL mente a PRESENC a de VALOR es ELEVAD os de “TSH” SUGER
e 0 DIAGNOST ic o de HIPO TIREOID ism o PRIMAR io ENQUANTO
NIVEIS SUPRIM id os de “TSH” SUGER em HIPER TIREOID ism o. este
ULTIM o COSTUM a MANIFEST ar se ATRAVES de BOCIO, OFTALM o
PATIA FRAQU eza MUSCUL ar TAQUI CARD ia ou PERD a de PESO.

il tiifunct iiithyr iiiabout iiibirth

iiipatho iiithyr iiiaffect 10% iiifemin iiibut iiihigh iiipatient iiirespond

and “T3” are INDISPENSABLE

GENERAL ly HIGH “TSH” VALUE s SUGGEST the DIAGNOS is of
PRIMAR y HYPO THYROID ism WHILE a SUPPRESS ed “TSH” LEVEL
SUGGEST s HYPER THYROID ism. TYP ic al MANIFEST ation s of the
LATTER are GOITER, OPHTALM o PATHY, MUSCUL ar WEAK ness
TACHY CARD y or WEIGHT LOSS.

liiabout iiibirth iiithyr iiiill iiifunct

iiithyr iiigland iiipatho iiiaffect 10% iiifemin iiibut iiihigh iiipatient

iiigood iiitreatment.

iiiduring iiipregnan iiichange iiimetabol iiipossibl iii
iiiwith iiirisk iiidamage iiifetus iiidue iiibehav iiisuitg
iiihormon, iiithyroxin iiifree iiithree iiijjod iiithyronin

iiigeneral iiipresent iiivalue iiihigh iiithyr iiistimul iiik

Segmented text mapped
to thesaurus Ids (D)

“ “ment

ol iiichange iiican iiihide iiipresent iiipatho iiiwith
le iiisuitabl iiimanag. iiimeasure iiithyr iiistimul
iiithree iiijod iiithyronin iiiessential

nul iiihormon iiivalue iiisuggest iiidiagnos iiifirst

iiidiagnos iiillow iiithyr iiifirst iiiduring iiilevel iiisuppress iiithyr iiistimul

iiieye iiipatho iiiweak iiimuscle iiispeed iiiheart iiilose iiiweigh.

iiillow iiithyr iiiduring iiisuppress iiithyr iiistimul iiihormon iiilevel iiisuggest

iiiweak iiispeed iiiheart iiiweigh iiilose..



Conventionalapproach  Subword approach

Morpho-Semantic —
Normalization Thesaurus
L1 Il

5
vV l

Search Engine Search Engine

Index (words) Index (subwords)



| exical Resources

_____________________________________________________________________________

Subword Lexicon: Subword Thesaurus:

list of subwords with groups equivalent subwords,
attributes (type, links similar groups
language, etc.)

o] oy

I

Y

gl | -

o O ; . ID#

ﬂ auery. : {gastr} :

ﬂ E 2> bkl SE— ! = ykzyqgk : :

. [{stomach] — Fezya) Similarity
. | {magen} : ! > not transitive,
' [{ventric} L ZYyZzZ]] reflexive
i [{chamber} xjkk.kq -
- [Thepat | L axkike
. | {hepar}
| {liver} L |
. [aney] | - kkyxk
" | {ren} Equivalence! !
| : transitive | !
E {nier} and reflexive I




Algorithmic Resources

m Morphosyntactic parser based on a word
model described as a finite-state automaton

m Heuristic rules for disambigation of parses

stem
prefix suffix

Infix D " Inflection
. . suffix
) Invariants
(1) 4 >




