Psychometric properties of 31 assessment tools for MS:
what works, what doesn't, and what captures change
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BACKGROUND CLUSTER ANALYSIS (DATASET A, n = 128, timepoint 1, complete linkage)
Body functions Activities and participation

- Multiple sclerosis (MS) has a lifelong, ever-changing impact on body functions, mobility, participation, and quality of life of people with multiple sclerosis (PwMS) b1300 Energy level B 4230 Carrying out daily routine

... . . . . .. . . . b152 Emotional functions B d4 Mobility
- Clinicians need reliable and validated assessment tools to capture the overall impact, target specific rehabilitation goals, and monitor change due to progression or therapy Bl b164 Higherdevel cognitive functions 04100429 Ghanging and maintaining body position
- Tools may not be validated for specific populations and languages; clinicians face a vast array with limited guidance on mutual relationship and domain coverage b210 Seeing functions dd45Hand and armuse

] . . . ) Lo L. . I b235 Vestibular functions d450-d469 Walking and moving
- Standard disability scales such as EDSS focus on mobility and body functions, while activities, participation, and mental health are often overlooked B 1280 Sensation of pain M o5 Selfcare
. . . . . . b730/b735 Muscle power and tone functions d8 Major life areas

- The ICF framework provides a structured approach to classify tools according to rehabilitation goals and ensure coverage of all relevant domains B 5760 Control of voluntary movement functions

- The MSTF [5] evaluated selected tools, but evidence gaps remain - particularly for patient-reported outcomes (PROM), responsiveness, and Czech-language validation
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Objectives: (I) Evaluate psychometric properties of 31 assessment tools in the Czech language used in MS rehabilitation and compare findings with MSTF recommendations. QUALITY OF LIFE EQ-5D-5L PD

(1) Validate ICF linkage of these tools and assess the utility of the ICF categorical profile for comprehensive, goal-oriented assessment.
Dataset A (n = 128 pwMS): 28 tools / 43 including subscales, 3 intervention studies Dataset B (n = 29 pwMS): 8 tools / 22 including subscales + ICF categorical profile
(2012-2017), 4 time points around a 2-month physiotherapy programme [6,7] (Brief Core Set for MS + 3 upper limb categories) at baseline (VIREFYRS study [2]). PASAT-3
- Test-retest reliability (ICC), internal consistency (Cronbach's alpha) - Concurrent and divergent validity (Spearman correlations, cluster analysis) | -
- Concurrent and divergent validity (Spearman correlations, cluster analysis) - Correlation analysis: tools vs ICF categories
- Predictive validity (EDSS, falls) - Validation of ICF linking
- Responsiveness (paired t-test, Cohen's d, SEM, MDC, MID) T PosturalResctions
Results were compared with the MS Outcome Measures Task Force (MSTF, [5]). All tools and analysis conclusions are listed in the tool table; colour coding reflects ICF domain. CAPACITY | BBS
: g OBJ | —
SUBJ PT -
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CORRELATION AND CLUSTER ANALYSIS oHeT
Two principal groups emerged from cluster analysis of 43 standardised tool scores The subjective/objective split in the Mobility domain mirrors the ICF distinction [
. : between capacity (standardised conditions) and performance (real-life context). ———— SDMT
MOBILITY - tools assessing balance, gait, muscle power/tone, and voluntary pacity ( ) P ( ) — EQ-5D-5L MO
movement, further split into: Balance tools (b235) clustered firmly within mobility, not as a separate domain. PERFORMANCE o ——— ABC
- Subjective (pwMS perspective): ABC, 12-MSWS, VAS, EQ-5D-5L MO/SC Position of cognitive tests (PASAT-3, SDMT) unclear; tested on different sets of PWMS MOBILITY SUBJ 0505 SC
- . . i PwMS _
Objective (test or PT assessment): BBS, DG, TUG, T25FW, 2MWT, 55T5, mTIS, 9HPT EDSS correlated strongly with mobility/balance tools but showed negligible associa- UAS Balonce
QUALITY OF LIFE - tools describing the broader impact of MS, split into: tion with fatigue, pain, and mental health - a pattern consistently observed across |
- Physical: MSIS-29 Physical, EQ-5D-5L Index, FSMC Motor both independent datasets (see heatmap). This confirms that EDSS overlooks key 0B ot gt Py persem iR 1S
- Mental: MSIS-29 Psychological, FSMC Cognitive, MFIS, EQ-5D-5L AD/PD domains of MS impact. SUBJPT = subjective assessment by phystotherapist oM
G J \_ J
( ) ( )
Abbreviation Full name Type ICC EDSS r Key finding Abbreviation Full name Type ICC EDSS r Key finding
d230 Carrying out daily routine
Fatigue Scale Motor+Cognitive =~ PROM .78/.87 .33/.11 1/-  Confirms MSTF 3/R and [4]; EDSS does not capture fatigue; strong link to employment (d850) EQ-5D-5L UA EQ-5D-5L Usual Activities PROM .63 43/45 1t Broadest EQ dimension; useful MID anchor; clusters with MSIS-29 Phys; therapy-responsive
Modified Fatigue Impact Scale =~ PROM .85 -.13 - Psychometric equivalent of FSMC; use motor/cognitive subscales for both, confirms MSTF 3/R d4 Mobility
EQ-5D-5L MO EQ-5D-5L Mobility PROM 73 .64/.62 1 Excellent EDSS r; clusters with subjective mobility; therapy-responsive
EQ-5D-5L Anxiety/Depression PROM .26 .06/-.10 - Most volatile over time; clusters with psychological QoL and cognitive fatigue; valid construct PS Mob Performance Scales Mobility OBJ .90 .81 - Descriptor; excellent EDSS r; clusters with walking tests; better for long-term than therapy monitoring

b164 Higher-level cognitive functions

PASAT-3 Paced Auditory Serial Addition oBJ .84 23 1 Learning effect confounds responsiveness; SDMT preferred (supports [1]) Five Times Sit-to-Stand Test OBJ .82/.85 .59/.68 - Consistent fall cutoffs across datasets (~14 s); adds missing evidence for MSTF upgrade from 2/UR
SDMT Symbol Digit Modalities Test OoBJ .85 .50/.34 T May replace PASAT in MSFC; correlates with mobility, muscle tone and self-care (see ICF heatmap)
Nine Hole Peg Test OBJ 95/.93 .51/.65 - Gold standard (MSTF 4/HR); fine motor and pinch grip focus; link to self-care
Low Contrast Letter Acuity OoBJ .87 .50 - Best of three contrast levels; descriptive; correlates with MSFC components; overlooked in MS rehab Box-and-Blocks Test OBJ 97 .59 - Complements 9HPT; gross motor and daily activity focus; better d230 link; MSTF 3/R confirmed

b235 Vestibular functions

ABC * Activities-specific Balance Conf. PROM .88 .68 - Performance-type; confirms MSTF 3/R; best fall predictor among balance tools (threshold ~65%) 12-item MS Walking Scale PROM .78 .61 - MSTF 4/HR confirmed; leans toward participation vs pure activity; captures MS impact and fatigue link
BBS * Berg Balance Scale OBJ 97 75 1 Capacity-type; confirms MSTF 4/HR; ceiling effect — recommended for higher disability levels Two Minute Walk Test OBJ 93 .79 - Evidence supports MSTF upgrade from 2/UR; excellent reliability and validity
DGI * Dynamic Gait Index OBJ .96 .76 1 Capacity-type; confirms MSTF 3/R; excellent concurrent validity with BBS Four Square Step Test OoBJ .88 .68 1 Therapy-responsive; good fall prediction; no self-care or QoL link; MSTF 3/R supported/upgraded
Post. React. T Postural Reactions SUBJ-PT 75 .68 - Clusters near 5STS; captures coordination + strength; sensitive to assessor training Timed 25-Foot Walk OBJ 94 .80 - MSTF 4/HR confirmed; excellent reliability and EDSS r; good fall prediction
VAS Balance * VAS Balance PROM .64 .52 - Low ICC due to short reference window; good concurrent validity; useful for trend monitoring Timed Up and Go (+ Cognitive) OBJ 95/.94  .82/.75 1/- MSTF 4/HR confirmed; therapy-responsive; excellent fall prediction; TUG Cognitive similar properties
b280 Sensation of pain Rivermead Mobility Index OBJ .82 .75 - Only good reliability (while excellent in stroke); ceiling effect; MSTF 3/R caution justified
EQ-5D-5L PD EQ-5D-5L Pain/Discomfort PROM 57 .15/.28 - Dominant b280 link matching construct; independent of EDSS and mobility; good for daily monitoring VAS Walking PROM .65 .52 - Average reliability (weekly recall); consistent walking-tool correlation profile; trend monitoring
d5 Self-care
Hand Grip Strength 12 cm OoBJ .98 46 - Setting 12 cm optimal for 72% of pwMS (confirms [11]); surrogate marker of lower limb strength ([3]) EQ-5D-5L SC EQ-5D-5L Self-Care PROM 71 .58/.65 1t Excellent EDSS r; clusters with subjective mobility; therapy-responsive
Key/Tripod/Pinch Grip OBJ .95/.97/.93 .25/.41/.39 - Similar profile to HGS; First MS-specific pinch reliability data (absent from [10] systematic review)
Modified Ashworth Scale oBJ 74 57 - Poor reliability, training-dependent; confirms MSTF 2/not recommended EQ-5D-5L Index PROM .63 54/.50 1 Valid QoL summary; less ICF coverage than MSIS-29; driven by UA, MO, SC; therapy-responsive
Motricity Index oBJ .68 49 | Poor reliability; unexplained worsening after therapy; suspected too complicated instructions EQ Visual Analogue Scale PROM 42 .36/.34 - Less informative than dimensions; "today" framing suits daily ambulatory assessment
Modified Trunk Impairment Scale OBJ .85 .58 1 Excellent internal consistency; correlates with balance and gait; confirms MSTF 3/R MS Functional Composite OoBJ .92 .56 T MSTF 3/R; objective EDSS alternative; no link to subjective; prefer component battery over z-score
b760 Control of voluntary movement functions MS Impact Scale PROM .85 .35/.54 1 Uniquely broad ICF coverage unlike EDSS; therapy-responsive; keep subscales separate; MSTF 4/HR
DD t Dysdiadochokinesis oBJ .79 .56 - Neurological exam; stronger validity than DM; clusters with objective mobility tools; limited utility MSIS-29 Physical Subscale PROM .89 A47/.71 1 Broad ICF coverage across functions and activities; excellent EDSS r; therapy-responsive
DM t Dysmetria oBJ .85 .38 - Neurological exam; weaker correlations; clusters with MAS and EQ-VAS; limited utility MSIS-29 Psychological Subscale PROM .80 .0/.03 - Clusters with pain, anxiety, cognitive fatigue; zero EDSS r by construct; complements physical subscale
* Balance tools are listed under b235 Vestibular functio:vvs following Rasovd et al. (2020); most authors classify them as d4 Mobility /d410-d429. See dendrogram for their clustering within the mobility group Multiple Sclerosis Outcome Measures Task Force (MSTF, Potter et al., 2014) ratings: 4/HR = Highly Recommended, 3/R = Recommended, 2/UR = Unable to Recommend, 1/NR = Not Recommended
1 Neurological examination procedures included from Rasova et al. (2012); not standard rehabilitation outcome measures." 1= significant improvement after 2-month physiotherapy; - = no change VAS Sitting PwMS/therapist and VAS Upper Arm (UA) PwMS/therapist not evaluated for reliability; EDSS r were .34, .55, .47 and .63, respectively 1= significant improvement; - = no change
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ICF CORE SET CORRELATIONS (DATASET B, n = 29) 9STS & 2MWT: PREVIOUSLY "INSUFFICIENT EVIDENCE" - NOW VALIDATED

- The MSTF rated both tools as "Unable to Recommend" (2/UR) due to lack of evidence

- Five Times Sit-to-Stand test (5STS): excellent reliability (ICC 0.82-0.85); best single fall predictor with a consistent threshold of ~14 s across both independent datasets
- Two Minute Walk Test (2MWT): excellent reliability (ICC 0.93), strong EDSS correlation (r = 0.79), clusters with established walking measures

- Both tools are simple, quick, and require no special equipment - our findings support upgrading the MSTF recommendation

b164 Higher-level cognitive functions

b280 Sensation of pain

b620 Urination functions

b770 Gait pattern functions

PROMs DESERVE EQUAL STANDING ALONGSIDE OBJECTIVE TESTS

d175 Solving problems,

d175 Solving problems,
- ABC: excellent reliability (ICC .88), concurrent validity with all balance/mobility tools, and fall prediction (threshold ~65%) - a PROM matching objective test performance

- Aside from objective measures responding to therapy (BBS, DGI, TUG, FSST, mTIS), both broad PROMs (MSIS-29, EQ-5D-5L) consistently captured therapy-related improvement
- MSIS-29, EQ-5D-5L and FSMC additionally capture domains beyond the reach of objective tests: fatigue, pain, emotional impact, participation
- Patient-reported outcomes measures reflect change perceived by pwMS; their inclusion in clinical practice and research is strongly supported

d230 Carrying out daily routine,
d230 Carrying out daily routine,
d430 Lifting and carrying objects,
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d430 Lifting and carrying objects,

MSIS-29 COVERS NEARLY THE ENTIRE ICF CORE SET

- MSIS-29 correlated with almost all ICF categories from the Brief Core Set for MS (Dataset B, see heatmap); see blue frame on the heatmap
- Covers domains that EDSS overlooks: energy and drive, emotional functions, pain, daily routines, self-care, family relationships, employment
- EDSS focuses on mobility-related body functions and capacity; MSIS-29 captures performance and participation

- MSIS-29 Physical and Psychological subscales map onto distinct ICF domains, supporting their separate use as recommended in the literature
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0 . - . THERAPIST vs. pwMS: TWO VALID BUT DIFFERENT PERSPECTIVES
Correlation strength 8 o D % ()
il Tl D B . 0 . . . . o . . .
=xcellent [075,1) a 5 2 A - VAS scales assessed by physiotherapist correlated broadly with objective tests and ICF categories (capacity perspective), while pwMS ratings reflected a narrower, personal
High [0.5,0.75) Ts o 3 Te
Moderate [0.3,0.5) g g 9 g experience (performance perspective); see golden frame on the heatmap
Neglgible 101,01 - Upper limb: pwMS focused on fine hand use and lifting; PT additionally captured muscle power and broader arm engagement - as if seeing the limb in whole-body context
- VAS validity depends critically on question wording and on understanding whose perspective is being captured
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