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Abstract 

Background  To assess the 10-item Spine Functional Index (SFI-10) clinimetric properties in a general musculoskeletal 
disorder (MSD) spine population. Ascertain the psychometric characteristics’ consistency with the developmental 
study findings for structural and criterion validity, internal consistency, and floor/ceiling effect; establish the longitu-
dinal characteristics for test–retest reliability, responsiveness, construct validity, and error scores; and clarify practical 
characteristics of readability, missing responses, and time/errors for completion/scoring related to administrative 
burden.

Methods  A longitudinal study of deidentified spine MSD patients (n = 1317, 53.4% female, age = 18-91yrs, 
av = 49.5 ± 16.4yrs; neck = 36.5%, mid-back = 8.4%, low back = 56.0%, multi-site = 0.3%) who completed the SFI-10, 
the Patient Specific Functional Scale (PSFS), and Numerical Rating Scales for Global-function (G-NRS) and Pain (P-NRS). 
Structural validity used factor analysis, exploratory (EFA) and confirmatory (CFA), plus Rasch analysis. Criterion validity 
used Spearman’s correlation coefficient (r) between the SFI-10 and criteria (PSFS, G-NRS and P-PRS) scores, and con-
struct validity (n = 91, known-groups independent t-test). Internal consistency used Cronbach’s alpha (α) and floor/
ceiling effects were determined. Subgroups determined reliability (n = 104, intraclass correlation coefficient, ICC2.1); 
error (n = 171) through the standard error of measurement (SEM) and minimum detectable change (MDC90). Respon-
siveness (n = 171) was calculated using effect-size (ES), standard response mean (SRM), and area under the curve 
(AUC); and interpretability through the minimal clinically important difference (MCID). Practicality (n = 16) clarified 
missing responses, readability, and time/errors for completion/scoring.

Results  The SFI-10’s structural validity was unequivocally one-dimensional from EFA and verified by CFA 
with acceptable fit-indices (chi-square/df = 2.88, CFI = 0.981, TLI = 0.975, RMSEA = 0.061), and supported by Rasch 
analysis (PSR = 0.79, Infit = 0.678–1.216, Outfit = 0.604–1.279, Item-difficulties = -1,215–2.488). Criterion validity var-
ied from high (G-NRS, r = 0.60) and moderate (PSFS, r = 0.43) to low-inverse (P-NRS, r = -0.24). Internal consistency 
was strong (α = 0.84) and no floor/ceiling effects were present. Reliability was excellent (ICC2.1 = 0.97), responsive-
ness substantial (ES = 1.54; SRM = 1.64; AUC = 0.89), and measurement error robust (SEM = 3.84; MDC90 = 8.98%, 
MDIC = 10.4%), with construct validity confirmed (p < 0.001). Practicality showed no missing responses, completion/
scoring errors < 1%, excellent readability (Grade = 5.1, Ease = 74.1%), short completion (39.2 ± 10.3 s) and scoring 
times (8.5 ± 1.8 s).
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Conclusions  The SFI-10 demonstrates sound measurement properties in a general physiotherapy outpatient MSD 
spine population for both psychometric and practical characteristics. Further investigation in culturally diverse set-
tings that include both inpatients and community settings with whole-spine and regional-spine criteria is required.
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Background
Musculoskeletal disorders (MSD) affecting the spine have 
significant repercussions for the global adult population. 
Functional loss, disability, and reduced social participa-
tion cause subsequent increases in global demands on 
the health and welfare support systems of the individ-
ual, society, and governments [1]. Measuring function 
and disability is critical for clinicians and epidemiologi-
cal researchers who monitor the course of any spine-
patient’s condition and assess the effectiveness of the 
interventions employed [2]. Currently, disagreement 
remains between the advocated regional-spine static-
patient-reported outcome measures (PROMs) and multi-
region conditions [3, 4]. Further, consensus is lacking on 
which instruments be utilized for specific diagnoses or 
procedures, which has led to inconsistency in measure-
ment approaches and a reduced capacity to amalgam-
ate and analyze collected data [2]. To overcome these 
issues, the whole-spine static-PROM was initiated some 
25 years ago with the concept of a continuous functional 
kinetic-chain being applied [5, 6]. More recently several 
dynamic-PROMs have become available that are com-
puter and internet based using Item Response Theory 
(IRT) and Computerized Adaptive Testing (CAT), e.g. as 
PROMIS-PF (https://​www.​healt​hmeas​ures.​net) or Clas-
sic Test Theory (CTT) and algorithm driven Computer-
ized Decision Support Systems (CDSS), e.g. Advise Rehab 
(https://​www.​advis​erehab.​com). To date, four whole-
spine static-PROMs have been proposed, the Extended 
Aberdeen Spine Pain Scale (EASPS) [6], Functional Rat-
ing Index (FRI) [7], Spine Functional Index (SFI- 25) [4], 
and the SFI- 10 [8], the SFI- 25’s shortened 10-item ver-
sion. A whole-spine systematic review was completed 
in 2016 and included the initial three PROMs with the 
advocation of the FRI and SFI- 25, where the former, with 
10-items, had greater practicality [5].

The SFI- 25 was developed and E-published in 2013 
prior to print in 2019 [4], while the SFI- 10 was devel-
oped and published in 2024 [8]. The SFI- 25 has been 
translated, cross-culturally adapted and validated in eight 
languages [9–16], and shown to have acceptable respon-
siveness properties for the evaluating of health status 
change in chronic neck pain patients post-intervention 
[17]. The SFI- 25 and SFI- 10 resolved the earlier issues of 
the EASPS [6], that included excess length [5] and lack of 
COSMIN (COnsensus-based Standards for the selection 

of health status Measurement INstruments) compli-
ance, and the FRI [7], with inadequate representation of 
essential whole-spine item-constructs [3, 5]. The SFI- 10 
implemented the improvements advocated for the SFI- 
25 in the translation and cross-cultural studies [8] by 
clarifying the one-dimensional factor structure [9–12] 
and shortening the number of item-questions [13–15]. 
These initiatives reduce the key barriers to PROM adop-
tion [18], namely administrative burden [14, 19] and the 
transition from regional-spine to whole-spine PROMs [3, 
5, 7]. This in turn facilitates the adoption of routine clini-
cal use, repeated measurements [19], and the retention of 
cultural transferability [14, 17].

The SFI- 10 retained the essential 60:40 biopsychoso-
cial ratio of general to region-specific item-questions [20, 
21] (E-Appendice). It also retained high criterion valid-
ity with regional, general, and condition-specific PROMs, 
where findings approximated those of the SFI- 25 and 
were found preferable to the FRI [8]. However, full sci-
entific support is lacking for clinical and research use as 
the critical longitudinal measurement properties are yet 
to be established. Therefore, this study aimed considered 
the SFI- 10 clinimetric properties to: 1) verify the psy-
chometric cross-sectional characteristics of structural 
and criterion validity, internal consistency, and floor/ceil-
ing effects established by the SFI- 10 development study 
2) establish longitudinal characteristics of test–retest 
reliability, responsiveness, construct validity, and error 
scores; and 3) determine the practical characteristics of 
readability, missing responses, and administrative burden 
through time/errors for completion/scoring.

Methods
Study design and ethical aspects
This longitudinal study collected SFI- 10 responses from 
deidentified MSD spine patients seen in clinical settings 
across Australia, either under primary contact or referred 
by a medical practitioner. Certified physiotherapists 
administered and recorded the outcome measures during 
routine care using a structured digital clinical decision 
support system [22]. Nine psychometric and four prac-
tical characteristics were analyzed [18, 23]. All research 
procedures were approved by the Ethical Committee of 
Universidade Federal do Maranhão under protocol num-
ber 4.284.203.

https://www.healthmeasures.net
https://www.adviserehab.com
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Subjects
A total of 1,317 deidentified spine patients were included 
in the study, with subgroups analyzed for test–retest 
reliability (n = 104), responsiveness (n = 171), construct 
validity (n = 91), and practicality (n = 16) (Table 1). These 
subgroups were identified based on data completeness 
and availability of follow-up or comparative measures 
required for each analysis, rather than random sampling. 
Inclusion criteria were: being under the care of a physi-
otherapist with a diagnosed musculoskeletal spinal con-
dition, symptom duration of more than two weeks, pain 
intensity greater than 3 (on a numerical rating scale), age 
over 18 years, and adequate English-language proficiency 
[9, 13, 14]. These criteria were verified and recorded at 
the point of care by certified physiotherapists using a 
structured digital clinical decision support system. Exclu-
sion criteria were: English-language difficulty, age < 18 yrs 
pregnancy, and red-flags [24].

Measures
The SFI- 10, is a 10-item shortened-version of the SFI- 25 
whole-spine PROM [4] published in 2024 [8]. It is used 
to evaluate functional status and limitations in the activ-
ity level and health of patients with spine disorders [8]. 
Scoring has a 3-point response option of: ‘Yes’ (score 
= 1), ‘Partly/Sometimes’ (score = 1/2) and ‘No’ (score 
= 0) that creates a 0–10’raw score’ from summation of all 
item responses. The final score, on a 0–100% scale (100% 
= ‘normal’ or ‘preinjury function’, 0% = ‘worst possible’), 
is calculated with the formulae: [100—(Raw Score × 10)].

The Patient Specific Functional Scale (PSFS) [25] and 
the 11-point Numerical Rating Scales (NRS) for self-per-
ceived Global function (G-NRS) [26] and Pain (P-NRS) 
[27], are well-established and have been described in pre-
vious publications. The G-NRS measures patients’ over-
all perception of their functional status on a scale from 

0 (no disability) to 10 (maximum possible disability). It is 
commonly employed to assess changes in patient-rated 
global functional status over time and has demonstrated 
good reliability, validity, and responsiveness. Pain inten-
sity (P-NRS) was recorded at baseline to quantify self-
reported pain severity.

Psychometric characteristics
Face and content validity were not required, being previ-
ously established in the development study [8], with the 
individual item-questions ratified in translated and cul-
tural adaptation studies of the original SFI- 25 [9–16].

Structural validity: Structural validity (n = 1317) was 
determined through factorial analysis, including both 
exploratory factor analysis (EFA) and confirmatory fac-
tor analysis (CFA), as well as Rasch analysis [28]. The EFA 
used polychoric correlation matrix and robust diagonally 
weighted least squares (RDWLS) extraction method 
with a factor loading threshold of > 0.40 to ensure ade-
quate item retention. The retained factors were defined 
through parallel analysis (AP) with a random exchange 
of observed data and robust promin rotation [29]. Model 
adequacy was assessed using the Kaiser–Meyer–Olkin 
(KMO) measure (> 0.70) and Bartlett’s sphericity test (p < 
0.05), calculated using Factor software (version 12.01.02, 
Universitat Rovira I Virgili, Spain). The three a-priori 
criteria that were met included an inflection at the sec-
ond Eigen-point of the scree plot, one Eigenvalue > 1.0, 
and variance > 10%. The CFA model used the following 
fit indices: chi-square/degrees of freedom (chi-square/df 
< 3), root mean square error of approximation (RMSEA 
< 0.08), comparative fit index (CFI > 0.90), and Tucker-
Lewis index (TLI > 0.90), all calculated using R-Studio 
software with Lavaan and SemPlot packages [30, 31].

Rasch analysis considered: ‘Person Abilities’ and ‘Item 
Difficulties’ (preferred mean = 0.00); targeting analysis; 

Table 1  Demographics for all study participants

Pain intensity, as measured by the point Numerical Rating Scales (P-NRS(, had a mean score of 5.18 ± 2.60 at SFI indicates Spine Functional Index, n number, x̄ Mean, SD 
Standard deviation, % percent, Cx Cervical spine, Tx Thoracic spine, Lx Lumbar spine
a Subregion % values include multi-area individuals within each of their symptomatic regions making total > 100% baseline

Prospective n Age x̄ Age SD Female n Female % Cx Tx Lx Multi

Advise Rehab Data Base 1317 49.5 16.4 703 53.4% 468 
35.5%

111 8.4% 738
56.1%

4
0.3%a

Reliability 104 44.1 9.6 49 47.1% 28
26.9%

16
15.4%

65
62.5%

5
4.8%*

Responsiveness 171 49.1 8.7 95 55.6% 53
31.0%

15
8.8%

102
59.6%

1
0.6%*

Construct Validity 91 50.6 18.7 59 4.8% 30
33.3%

8
8.8%

53
58.2%

0

Practicality 16 46.5 9.9 8 50% 5
31.3%

3
18.8%

6
37.5%

2
12.5%
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Personal separation reliability (PSR:cut-off > 0.70); one-
dimensionality (Martin-Löf test:p > 0.05), and Principle 
Component Analysis (PCA) of Rasch-residuals Eigen-
values (cut-off:Linacare’s value < 2.0); infit-outfit sta-
tistics (range 0.5–1.5 [32]); item characteristic curves 
(ICCs); and thresholds proximity (three-response options 
crossover, with item difficulties ordering); Wright-Map-
ping (for item spacing and redundancy); and Rasch cor-
rected raw-scores (for person ability), and Differentuial 
Item Functioning (DIF: negligible when the chi-square 
test is not significant or the change in Nagelkerke R2 is 
< 0.035) from software R (version 4.1.2) [33] with eRm 
and WrightMap packages [34].

Construct validity through hypothesis testing (n = 1317) 
assessed the SFI- 10’s correlation with criteria PROMs, 
including the PSFS, G-NRS, and P-NRS. The a priori 
hypothesis was that the SFI- 10 would show strong posi-
tive correlations with the PSFS, G-NRS, and P-NRS, 
based on its intended use as a comprehensive measure of 
spinal function. This was performed concurrently within 
the’Advise Rehab’ online completion for all participants. 
The Spearman r correlation coefficient (SCC) was used 
for non-normally distributed data, with agreement lev-
els classified as: excellent (± 0.90–1); high (± 0.50–0.89); 
moderate (± 0.30–0.49); and low (< ± 0.29) [35].

Construct validity through hypothesis testing (n = 91, 
from the full responsiveness subgroup n = 171) was 
established using the’known groups’ method. We tested 
a priori hypothesis that the SFI- 10 would discriminate 
significantly between patients classified as ‘symptomatic’ 
at baseline and those in the ‘recovered known group’, 
defined by a conservative cut-off of 75% recovered. As 
hypothesized, a significant diference in SFI- 10 scores 
was confirmed between these two groups (p < 0.001), 
supporting the construct validity of measure.

Internal consistency (n = 1317) used Cronbach’s alpha 
(high:α > 0.7, item-redundancy:α ≥ 0.95 [23]).

Floor and ceiling effects (n = 1317) were determined 
by the percentage frequency for the highest and lowest 
scores at a 15% cut-off [23].

Test–retest reliability (n = 104, average days between 
measures 5.9 ± 2.7, range 2–11) used the intra-class cor-
relation coefficient (ICC2.1) during a period of ‘no change’ 
as determined by the difference in both the G-NRS and 
PSFS of ± 10% (n = 104, low-back = 65; mid-back = 28; 
neck = 28; multi-area = 5). The levels of agreement were 
determined as excellent = 0.90, good = 0.75–0.89, moder-
ate = 0.50–0.74, and poor < 0.50 [35].

Additionally, to evaluate the test–retest reliability of 
individual items in the questionnaire, Weighted Kappa 
with quadratic weights was employed. Each item was 
analyzed separately, and the kappa values were inter-
preted as follows: values < 0.20 indicate poor agreement, 

0.21–0.40 fair agreement, 0.41–0.60 moderate agree-
ment, 0.61–0.80 substantial agreement, and > 0.81 almost 
perfect agreement [36, 37].

Error score (responsiveness subgroup, n = 171) used the 
‘standard error of the measurement’ (SEM) and the 90 th 
percentile ‘minimum detectable change’ (MDC90) [23].

Responsiveness (n = 171, average days from baseline 
to repeat measure = 56.6 ± 85.7, range = 2–498, mean = 
28, with non-normal distribution, Shapiro-Wilke test) 
detected relevant construct change over time [38] 
through repeated measures [23] that had a > 20% change 
in perceived patient-rated global-status (G-NRS ≥ ± 2 
[39, 40]). To determine responsiveness this study used 
‘Effect Size’ (ES:cut-off > 1.2) [41], ‘Standard Response 
Mean’ (SRM:cufoff > 1.5) [41], and ‘Receiver Operat-
ing Curves’ (ROC) using the ‘Area Under the Curve’ 
(AUC:cut-off > 0.70) [42].

Interpretability was assessed using the minimal clini-
cally important difference (MCID). It was calculated from 
the available responsiveness data through an anchor-
based method that required a change > 30% above the 
baseline average value [43] (i.e. G-NRS > ± 3).

Practical characteristics
Readability used the Flesch-Kincaid grade-score (cut-
off: < 6 th-grade) and reading-ease (> 60%) [44]. Missing 
responses were calculated as a percentage of completed 
baseline responses with an acceptable level of < 1%. 
Administrative burden was determined from comple-
tion time in a paper and digital Tablet-PC format (n = 16, 
female = 50%, age = 46.5 ± 19.9, with separate Cx, Tx, Lx, 
and multi-area conditions, see Table  1) with 50% com-
pleting the paper format first then the digital version at 
> 2 days apart, giving a total of n = 32 measures of SFI- 
10 completions, 16 in each format with the average of the 
two completion times used. Scoring time was determined 
from four therapists’ time-averages for the 16 completed 
paper version questionnaires (n = 64), while the digi-
tal version was determined instantaneously within the 
‘Advise Rehab’ software, with an acceptable total comple-
tion/scoring time being < 2 min [14, 19]. Completion and 
scoring errors were determined by incomplete or errone-
ous questionnaires and differences in the scores between 
the paper and digital versions.

Statistical analysis
The sociodemographic data and questionnaire scores 
used mean (x̄) and standard deviation (SD) in SPSS 
version 17 at significance p < 0.05. The Kolmogorov–
Smirnov and Shapiro-Wilke tests verified data distribu-
tion. Factorial and Rasch analyses were performed to 
assess the structural validity and unidimensionality of 
the SFI- 10, ensuring that the scale measures a single 
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construct and behaves consistently across different sam-
ples. Sample size minimums were determined from pre-
vious SFI- 25 [9–16] and FRI [3, 7, 45] studies for an 80% 
chance of detecting characteristics with a 15% attrition 
(p < 0.05) [35]. These indicated the sample minimums for 
validity (n > 225), reliability (n > 90), and responsiveness 
(n > 168).

Results
All samples had non-normal distributions.

Psychometric characteristics
Structural validity of the SFI- 10 was verified where the 
EFA (Fig.  1) identified a one-dimensional structure (n = 
1317:KMO = 0.87:Bartlett’s test-p < 0.05), with the three 
a-priori requirements of a scree-plot inflection at the sec-
ond point, and only one Eigenvalue > 1.0, with variance of 
62.14% explained by the first factor.

The CFA unequivocally confirmed the one-dimensional 
structure with fit-indices (Table  2) and appropriate fac-
tor loadings (> 0.40) between the SFI- 10 domains and all 
items (Fig. 2).

Rasch analysis demonstrated adequate model fit where 
‘Person Abilities’ (x̄ = − 0.07, SD = 1.21, Min = − 2.71, 
Max = 3.03) and ‘Item Difficulties’ (x̄ = − 0.05, SD = 1.0, 
Min = − 1.21, Max = 2.49). The range of person abili-
ties covered all item difficulties, while the range of item 
difficulties covered about 80% of person ability scores. 
These findings indicate that the questionnaire effec-
tively captures the functional range of our sample, with 
minimal ceiling or floor effects. Therefore, the targeting 
analysis supports the appropriateness of the instrument 
for assessing functional spinal status in this population. 

Additionally, PSR scores (0.79) exceeded the cut-off (> 
0.70). The one-dimensionality hypothesis (Martin-Löf 
test) was accepted (p > 0.50), the Rasch-residuals PCA 
demonstrated cut-off compliance (1.45 < 2.0), and Infit-
Outfit statistics (range = 0.68/1.22–0.60/1.28) were 
within the required range 0.5–1.5 (Table 3). The Wright 
Map item-spacing and redundancy were acceptable, 
though not ideal due to some excess-spacing, but over-
all supported the selected item-shortening methodology. 
The ICCs (Infit-Outfit statistic) and Thresholds approxi-
mated a common point.

The Rasch corrected raw scores were completed (range: 
0–20). Table  4 presents the conversion of raw scores to 
Rasch-corrected scores, enabling clinicians to interpret 
functional ability in patients with spinal conditions based 
on their questionnaire responses. Overall, the Rasch-
analysis indicated the SFI- 10 preserved the critical Rasch 
model-fit.

Table  5 presents the DIF analysis for sex and age 
groups. None of the items showed substantial DIF (all R2 
changes < 0.02), indicating that the questionnaire func-
tions equitably across demographic groups. This suggests 
that the scale does not unfairly favor specific subgroups 
based on sex or age.

Fig. 1  SFI- 10 EFA Scree Plot (n = 1317), inflection at point #2 indicates one-dimension

Table 2  Structural validity of the SFI- 10, confirmation from CFA

df indicates degrees of freedom, CFI Comparative fit index, TLI Tucker–Lewis 
index, RMSEA (90% CI), Root Means Square Error Of Approximation (90% 
Confidence Interval), n number

Chi-square/df CFI TLI RMSEA (90% CI)

n = 1317 2.88 0.981 0.975 0.061 (0.053, 0.120)
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Construct validity through hypothesis testing demon-
strated moderate correlation between the SFI- 10 and 
PSFS (r = 0.43), high correlation with the G-NRS (r = 
0.60), and low-inverse correlation with the P-NRS (r = − 
0.24), consistent with our a priori hypotheses.

Construct validity through hypothesis testing was fur-
ther supported by the Wilcoxon paired test (p < 0.001), 
which confirmed our a priori hypothesis that the SFI- 
10 would distinguish significantly between the ‘sympto-
matic’ group (baseline mean = 43.63 ± 24.87, median = 
40) and the ‘recovered’ known group (cut-off = 75% 
recovered, mean = 86.54 ± 8.46, median = 85). The effect 

Fig. 2  Factor loadings from CFA for SFI- 10 (n = 1317)

Table 3  Structural validity of the SFI- 10, determination from 
Rasch analysis (n = 1317)

Item SFI- 10 Outfit Infit Item difficulties

1. Avoid Heavy Jobs 0.908 0.891 − 0.879

2. Pain/Problem 1.004 0.976 − 1.215

3. Duties/Chores 0.604 0.678 − 0.266

4. Sleep 1.279 1.216 − 0.547

5. Personal Care 0.858 0.841 2.488

6. Daily Activities 0.810 0.836 − 0.461

7. Dressing 0.856 0.858 1.120

8. Sitting 0.972 1.005 − 0.406

9. Stand 1.097 1.092 0.095

10. Reach/Bend Down 0.846 0.872 − 0.410

Table 4  Rasch-corrected scoring

Raw score Person ability Rasch-
corrected 
score

0 − 3.41 0.00

1 − 2.71 1.94

2 − 2.06 3.71

3 − 1.67 4.78

4 − 1.38 5.58

5 − 1.14 6.24

6 − 0.93 6.83

7 − 0.73 7.37

8 − 0.55 7.88

9 − 0.36 8.39

10 − 0.18 8.89

11 0.01 9.42

12 0.21 9.97

13 0.43 10.58

14 0.68 11.25

15 0.96 12.04

16 1.30 12.98

17 1.72 14.14

18 2.27 15.63

19 3.03 17.74

20 3.85 20.00
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size (r = 0.38) indicated a moderate effect, reinforcing the 
practical significance of these findings.

Internal consistency was excellent (α = 0.83), with 
item-total correlations ranging from 0.365 to 0.705, and 
Cronbach’s α values for individual items if deleted rang-
ing from 0.805 to 0.837 (Table 6).

There was no floor/ceiling effect as the minimum 
(floor = 0%) scored (n = 46, 1.7%) and maximum (ceiling 
= 100%) scored (n = 118, 4.3%) were well below the 15% 
cut-off for extreme responses, as visualized in the Fig. 3. 
The distribution of the total scores was approximately 
normal, indicating that the SFI- 10 captured a broad 
range of responses without any significant concentration 
at either extreme.

The Weighted Kappa coefficients for individual ques-
tionnaire items ranged from 0.616 to 0.837, indicat-
ing substantial to perfect agreement across all items 
(Table 7). These results suggest good test–retest reliabil-
ity for the self-report measure.

For the overall questionnaire score, ICC2.1 value was 
0.972 (p < 0.001), demonstrating a strong association 
between the two administrations (Table 8). Measurement 
error, typically associated with individuals having sta-
ble symptoms, was robust in the responsiveness subgroup 
(n = 171, baseline x̄ = 34.6% ± 24.3%) with SEM = 3.84 
and MDC90 = 8.98% (Table  8). This measurement error 
calculation is more applicable to individuals with stable 
symptoms, while changes over time in the responsiveness 
subgroup were assessed separately. 

Table 5  Differential Item Functioning (DIF) analysis for sex and age groups

Sex (men-women) group

Item Uniform DIF Non-uniform DIF
p Nagelkerke R2 change Interpretation p Nagelkerke R2 change Interpretation

1 0.01 0.003 Negligible DIF 0.808 0.000 Negligible DIF

2 0.21 0.001 Negligible DIF 0.200 0.001 Negligible DIF

3 < 0.001 0.005 Negligible DIF 0.048 0.001 Negligible DIF

4 0.003 0.006 Negligible DIF 0.469 0.000 Negligible DIF

5 0.471 0.000 Negligible DIF 0.665 0.000 Negligible DIF

6 0.018 0.002 Negligible DIF 0.018 0.002 Negligible DIF

7 0.096 0.002 Negligible DIF 0.611 0.000 Negligible DIF

8 0.501 0.000 Negligible DIF 0.136 0.001 Negligible DIF

9 0.661 0.000 Negligible DIF 0.313 0.001 Negligible DIF

10 < 0.001 0.011 Negligible DIF 0.004 0.004 Negligible DIF

Age (≤ 50 vs > 50) group
Item Uniform DIF Non-uniform DIF

p Nagelkerke R2 change Interpretation p Nagelkerke R2 change Interpretation
1 0.012 0.003 Negligible DIF 0.961 0.000 Negligible DIF

2 0.759 0.000 Negligible DIF 0.250 0.001 Negligible DIF

3 0.002 0.002 Negligible DIF 0.695 0.000 Negligible DIF

4 0.970 0.000 Negligible DIF 0.057 0.002 Negligible DIF

5 0.042 0.004 Negligible DIF 0.692 0.000 Negligible DIF

6 0.086 0.001 Negligible DIF 0.865 0.000 Negligible DIF

7 0.080 0.002 Negligible DIF 0.066 0.002 Negligible DIF

8 0.001 0.006 Negligible DIF 0.659 0.000 Negligible DIF

9 0.032 0.003 Negligible DIF 0.040 0.002 Negligible DIF

10 0.282 0.000 Negligible DIF 0.368 0.000 Negligible DIF

Table 6  Item-total statistics

Item Scale Mean if 
Item Deleted

Scale Variance 
if Item 
Deleted

Corrected 
Item-Total 
Correlation

Cronbach’s 
Alpha if Item 
Deleted

SF1 8.7115 21.775 .554 .820

SF2 8.5885 22.720 .482 .827

SF3 8.9954 20.492 .705 .805

SF4 8.8633 22.528 .423 .834

SF5 9.8975 24.785 .365 .837

SF6 8.9058 21.177 .613 .814

SF7 9.5809 22.406 .526 .823

SF8 8.9294 21.658 .533 .823

SF9 9.1678 21.734 .502 .826

SF10 8.9271 21.162 .599 .816
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Responsiveness was high (ES = 1.54; SRM = 1.64; AUC 
= 0.894) (Table 8).

Interpretability was calculated using the MCID from 
the responsiveness subgroup (n = 171), with an MCID 
of 10.4% (Table 8). During the follow-up period, partici-
pants were under the care of a physiotherapist, receiving 

treatments related to their musculoskeletal spine condi-
tion. However, detailed information about specific inter-
ventions and their potential impact on the outcomes was 
not available for this study.

Practical characteristics
Optimal practicality was demonstrated as there were 
no missing responses, favorable readability (5.1; Ease 
= 74.1%), and excellent administration time (47.7 ± 10.1 
s) from completion (39.2 ± 10.3 s, range = 24–63  s) and 
scoring (8.5 ± 1.8 s, range = 6–13  s), with errors < 1% 
(Table 8).

Discussion
The study aims were achieved with all nine psychomet-
ric and four practical SFI- 10 characteristics demon-
strated as adequate. This indicated a valid and reliable 
instrument for assessing function and symptoms in sub-
acute/chronic spine patients. Critically, the biopsycho-
social 60:40 ratio for general: regional items [20, 21] 
(E-Appendice) was verified and the established SFI- 10 
[8] one-dimensional structural validity confirmed, along 

Fig. 3  Histogram to visualize the entire distribution of the data

Table 7  Weighted Cohen’s kappa analysis for individual items of 
the SFI- 10 (n = 104)

κ Weighted Cohen’s kappa, CI confidence interval

Parameter κ 95% CI Agreement

SF1 0.653 0.527 0.779 Substantial

SF2 0.616 0.484 0.747 Substantial

SF3 0.678 0.557 0.798 Substantial

SF4 0.657 0.534 0.780 Substantial

SF5 0.837 0.726 0.968 Perfect

SF6 0.796 0.697 0.895 Perfect

SF7 0.650 0.503 0.797 Substantial

SF8 0.654 0.533 0.774 Substantial

SF9 0.675 0.558 0.792 Substantial

SF10 0.751 0.597 0.825 Perfect
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with criterion validity, internal consistency, and without 
floor/ceiling effects. The unequivocal one-dimensionality 
improved on the ambiguity of the seven previous SFI- 25 
EFA findings [4, 9, 10, 12–14, 16], and concurred with the 
those of the appropriate CFA and Rasch analysis in two 
previous SFI- 25 studies [12, 16] (E-appendix Table  9). 
This is preferable to the questionable factor structure 
determined for the FRI [3, 45] and the spine-regional 
ODI, RMQ [28, 46] and NDI [47], which have been 
shown to have limitations in their applicability across 
multiple spinal regions. In contrast, the SFI- 10 is a com-
prehensive tool that provides a more reliable measure of 
overall spinal function, addressing the full range of spinal 
conditions, not just a single region. Additionally, its one-
dimensional structure and strong psychometric proper-
ties make it a more appropriate tool for assessing patients 
with sub-acute and chronic spine conditions, offering 
better sensitivity to change over time and a broader scope 
for evaluating treatment outcomes.

Criterion validity through hypothesis testing exceeded 
the a-priori hypothesis for correlation with the G-NRS, 
paralleling finding from the EQ- 5D in the extracted-
Polish-SFI- 10 data [8], and demonstrating stronger asso-
ciations compared to previous findings from the Polish 
SFI- 25 [14] and Spanish-SFI- 25 [9], despite differences 
in the underlying constructs of the EQ- 5D and G-NRS. 
Similarly, the PSFS and P-NRS followed trends estab-
lished in earlier spine regional studies including the NDI 
[48], ODI [28, 46] and RMQ [49]. However, the criteria r 
values were below their respective within-study a-priori 
cut-offs and those of the extracted-Polish-SFI- 10 and 
SFI- 10 development-study [8]. They also correlated less 
than those found in three previous SFI- 25 studies [4, 
14, 15]. These variations are likely attributed to either or 
both the sample size and cultural differences. However, 
it must also be noted that the PSFS uses diverse patient-
selected items with no incorporated broad-general or 
spine-specific transferable items, which impedes direct 
comparative data-pooling analysis, and further that pain, 
as represented by the P-NRS, is neither related nor inter-
changeable with function [50]. The weak negative corre-
lation between SFI- 10 and pain intensity (NRS) further 
supports the validity of this measure, indicating that spi-
nal function is influenced by multiple biopsychosocial 
factors beyond pain alone. Future research may explore 
the relationship between pain intensity, symptom dura-
tion, and functional assessment outcomes in longitudinal 
studies. The inclusion of NRS scores further strengthens 
the psychometric evaluation of SFI- 10, as it provides a 
standardized measure of baseline pain intensity (4.72 
± 1.92). Consequently, specific whole-spine comparative 

cross-sectional and longitudinal PROM investigation is 
required. Future research could further explore measure-
ment invariance in different cultural and linguistic con-
texts to confirm the applicability of SFI- 10 across diverse 
populations.

The internal consistency concurred with the SFI- 
10 development study and the range determinedin all 
earlier SFI- 25 [9–15], FRI [45, 51], and spine-regional 
NDI [48], ODI, and RMQ [46] findings (E-Appendix 
Table 9). Additionally, the SFI- 10 had no floor/ceiling 
effect, consistent with the SFI- 25 [4, 11, 13, 14, 16] and 
the FRI [7, 52].

The newly established SFI- 10 psychometric proper-
ties included construct validity, determined with the 
‘known-group’ methodology at the conservative G-NRS 
cut-off of 75% recovered. While the SFI- 10 provides a 
continuous measure of spinal function applicable across 
multiple spinal regions, future research should further 
explore its known-groups validity by comparing patients 
with varying levels of symptom severity, such as those 
stratified by pain intensity or disability classification. This 
was consistent with previous SFI- 25 findings that used 
this methodology [4, 14], and other studies with struc-
tural and cross-cultural validity and hypothesis testing 
[9, 12, 13]. Similar validity levels were found with the 
PROM-shortened QuickDASH [53] and NDI- 5 [47, 48, 
54] which confirmed this methodology retained multi-
ple domains. This was preferable to a ‘Single Assessment 
Numeric Evaluation (SANE)’ [26] which provides no 
broad representation of the multiple constructs necessary 
in spine-related disorders. However, consensus is limited 
on whether pain or function is the optimal recovery cri-
terion as ‘problem duration’ and ‘length of follow-up’ are 
not related to recovery cut-off scores. The magnitudes of 
the determined criterion validity also support construct 
validity [55], which, in this study, exceeded those of other 
whole-spine and most advocated spine-regional PROMs, 
including the NDI [47, 48, 54] and RMQ [46].

The newly established test–retest reliability was com-
parable to or exceeded that found in the SFI- 25 cross-
cultural adaption studies [9–15], and the accepted FRI 
[45, 51] and spine-regional standards [47, 48, 54]. Simi-
larly, responsiveness and error (SEM and MDC90), which 
are partially dependent on reliability [41], were compara-
ble to the original SFI- 25 [4, 9, 10, 13, 14] and FRI [5, 45], 
and the accepted spine-regional RMDQ, ODI [28, 46] 
and NDI [48, 54] findings.

The practical characteristics exceeded all other pub-
lished whole-spine PROMs [14, 45, 51] and spine-
regional neck [47, 48, 54, 56] or LBP [28, 46] PROMs. 
The SFI- 10 Flesh-Kincade readability (Grade = 5.1, 
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Ease = 74.1%) exceeded the cut-off requirements which 
improved comprehension and reduced cognitive load; 
which in-turn improves accuracy and reduces errors 
[18]. Future research should investigate the applicability 
of SFI- 10 in populations with varying levels of English 
proficiency and consider validated translations to assess 
potential linguistic influences on patient responses.

The FRI, ODI and NDI each have poorer readability 
[14] which requires increased cognitive-demand. How-
ever, with more response options (5–6 versus SFI- 10 
= 3) they have higher discriminant capacity, but these 
responses are influenced by pain-expectations [57]. Con-
sequently, these legacy PROMs administration-time and 
completion-errors increase [18] which reduces clinimet-
ric quality and the capacity for accurate statistical analy-
sis [57]. This was reinforced by the SFI- 10 showing no 
completion/scoring errors by virtue of the online CDSS 
format, and < 1% in the paper completed practicality 
findings, along with the combined completion/scoring 
time < 60 s (E-Appendix Table 9). A noted trend during 
SFI- 10 administration was that each participant’s com-
pletion-times and therapist’s scoring-times consistently 
decreased with test-repetition, indicating reduced bur-
den as PROM familiarity increased.

The results of the DIF analysis indicate that none of 
the items demonstrated significant DIF across sex or age 
groups, reinforcing the fairness and applicability of the 
questionnaire across different populations. This finding 
supports the cross-cultural validity of the measure and its 
suitability for diverse patient groups.

Study limitations and strengths
Study limitations included potential bias in patient 
selection as all recruitment was from primary contact 
sources within allied health outpatient centers, conse-
quently, investigation of inpatient and community set-
tings is required. The MCID analysis using ‘estimated’ 
comparative methodology based on G-NRS change 
values of ≥ 30% [43], which approximate the MDC90 
rather than reflecting clinical relevance for the individ-
ual patient. Thus, analysis of patient-specific change to 
clarify the MCID for the individual patient and SFI- 10 
user is required. Criterion validity with a ‘gold stand-
ard’ whole-spine PROM, such as the FRI or SFI- 25, 
was not possible as neither PROM were concurrently 
available within the ‘Advise Rehab’ software platform 
[22], and independent prospective validation should be 
performed. Additionally, while this study applied both 
EFA and CFA on the full dataset to maintain statistical 
power and model stability, future research may consider 

the independent evaluation of EFA and CFA using 
randomly split samples to further validate the factor 
structure of the SFI- 10. Although the EFA identified 
a strong unidimensional structure with over 60% vari-
ance explained, future research could explore whether 
additional subdimensions exist to further enhance the 
construct validity of the SFI- 10. Randomly splitting 
the sample into separate exploratory and confirmatory 
analyses may provide additional robustness and reduce 
potential overfitting concerns. Though completion/
scoring errors were established by the development 
study as < 1% for the SFI- 10 paper-version [8], further 
prospective investigation is required as all data in this 
study came from an error-free digital source, and the 
completed/scored paper-version responses samples are 
insufficient for error determination. However, no errors 
were found in the completed paper versions and errors 
are anticipated at < 1% based on previous SFI- 25 stud-
ies [4, 14].

Study strengths included the large sample size, where 
the analyzed psychometric characteristics cut-offs 
exceeded the COSMIN minimum requirements, and 
that the SFI- 10 characteristics were almost exclusively 
preferable to the findings for other shortened MSD 
PROMs, whole-spine, and spine-regional PROMs.

Further research should consider prospective investi-
gations that concurrently use the SFI- 10 with whole-
spine and spine-regional PROMs in different language 
and patient groups, and with specific conditions 
such as whiplash, spinal stenosis, and post-operative 
circumstances.

Conclusions
This longitudinal study demonstrates the SFI- 10 has 
sound clinimetric properties including an unequivo-
cal one-dimensional factor structure for general MSD 
spine-patients in a physiotherapy outpatient setting. 
These properties equate to or exceed those recognized 
for whole-spine and spine-regional PROMs. These find-
ings suggest generalizability for outpatient settings 
and a preference over existing whole-spine and spine-
regional static-PROMs in clinical and research settings, 
however further investigation of inpatient and com-
munity settings is required. Additionally, prospective 
investigation with criteria-PROMs in separate cultural 
and condition-specific settings is required to clarify 
these findings and expand the determination of MCID 
and responsiveness. Such studies could then be con-
sidered for systematic reviews of spine PROMs that 
include the SFI- 10 and published SFI- 25 studies.
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Appendix

Table 9  Clinimetric properties of the SFI- 10 and SFI- 25: psychometric and practical characteristics

Psychometric Characteristics Practical Characteristics

Study Structural 
Validity

Reliability Internal 
Consistency

Error score Interpretability Responsiveness Readability 
(Flesch 
Kincaid)

Administration (time in 
seconds)

Missing 
Responses

EFAb CFA ICC2.1 Alpha SEM MDC90 MCID SD100 ES SRM AUC​ Grade Ease Complete Score Total Percentage

This 
Study 
SFI- 10 
(n = 
1317)

n = 1317 n = 104 n = 1371 n = 171 n = 171

1 1 0.97 0.84 3.84% 8.98% 10.4% 0.22 1.54 1.64 0.894 5.1 74.1 37.8 ± 7.3 9.8 
± 2.1

47.5 
± 10.7

< 1%

SFI- 10 
Develop-
ment 
(n = 505)

n = 505

1 1 0.80

Original SFI- 25 Study

  SFI- 25 
(n = 203) 
[4]

1 0.97 0.911 2.76% 6.44% 24.80 1.25 1.81 7.0 64.0 122 ± 37 16 ± 4 138 
± 41

1.5%

  FRI 
(n = 143) 
[4]

1 0.95 0.908 4.14% 9.66% 22.67 1.23 1.68 7.0 47.2 84 ± 23 27 
± 13

111 
± 36

5.3%

Other SFI- 25 Studies

  SFI- 25 
Spain 
(n = 226) 
[9]

1 0.96 0.845 2.81% a6.56%- 
6.89%

- - Nil

  SFI- 25 
Turkey 
(n = 285) 
[10]

1 0.85 0.93 2.96% a6.91%- 
7.12%

Nil

  SFI- 25 
China 
(n = 265) 
[12]

1 1 0.96 0.91 < 1%

  SFI- 25 
Korea 
(n = 60) 
[11]

- 0.94 0.88

  SFI- 25 
Iran (n = 
224) [13]

1 0.96 0.88 2.52% 4.58%-
a5.88%

-

  SFI- 25 
Poland 
(n = 225) 
[14]

0.975 0.90 3.14% 7.33% - 229 27 256 < 1%

Greek 
(n = 60) 
[15]

0.96 0.89

Brazilian 
(n = 194) 
[16]

1 1 0.83 0.86 9.08% 25.25%

Detectable Change, (90% Confidence Interval), MCID Minimal clinically important difference, SD100, Standard deviation at baseline (100% scale), ES Effect Size, SRM 
Standard Response Mean, AUC​ Area Under the Curve

SFI indicates Spine Functional Index, ICC2.1, Test–retest reliability intra-class correlation coefficient, Alpha, Cronbach’s Alpha, SEM Standard Error of the Measurement, 
MDC90, Minimal
a MDC recalculated by Polish Study [14]
b Eigenvalues > 1.0 but variance < 10%
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